
Final report for Ofcom 

Roadmaps for the 

transition to new fixed 

and mobile voice 

technologies 

27 October 2014 

James Allen, Stela Bokun,  

Franck Chevalier, Chris Lambert  

Ref: 39159-104 

. 



  

Ref: 39159-104 .  

Contents 

1 Executive summary 1 

1.1 Scope of the analysis 1 

1.2 Roadmaps for voice services on fixed and mobile networks and key elements of the 

transition modelling approach 1 

1.3 Transition modelling results for fixed networks 2 

1.4 Transition modelling results for mobile networks  3 

2 Introduction 6 

2.1 Context 6 

2.2 Objectives of the report 6 

2.3 Report structure 7 

3 Next-generation fixed voice 9 

3.1 The current state of play for next-generation fixed-voice services 9 

3.2 Ongoing standardisation efforts 12 

3.3 Roadmaps for voice services on fixed networks 12 

3.4 Baseline option: Sustain 14 

3.5 Fixed option 1: Managed VoBB 16 

3.6 Fixed option 2: MSANs – Insert MSANs containing voice gateways at local exchanges or 

at cabinets 23 

3.7 Case studies of selected service providers’ migration strategies and timescales for 

commercial deployments 26 

3.8 Summary of modelling results 30 

3.9 Conclusions for fixed networks 31 

4 Next-generation mobile voice 34 

4.1 The current state of play for next-generation mobile-voice services 34 

4.2 Ongoing standardisation efforts 37 

4.3 Roadmaps for voice services on mobile networks 37 

4.4 Mobile Option 0: sustain 2G/3G and use CSFB 38 

4.5 Mobile Option 1: Gradual migration from CSFB to VoLTE using SRVCC 40 

4.6 Mobile Option 2: Deploy native VoLTE 43 

4.7 Mobile Option 3: Deploy managed voice service as an application over LTE 45 

4.8 Mobile Option 4: Deploy OTT voice over LTE 49 

4.9 Case studies of selected service providers’ migration strategies and timescales for 

commercial deployments 51 

4.10 Summary of modelling results  54 

4.11 Conclusions for mobile migration 56 



Roadmaps for the transition to new fixed and mobile voice technologies 

Ref: 39159-104 .  

5 Fixed–mobile convergence 59 

5.2 Seamless connectivity across fixed and mobile networks, and opportunities for service 

innovation 63 

5.3 Fixed–mobile convergence: opportunities for network cost savings 64 

5.4 Fixed–mobile convergence: transition modelling results 65 

5.5 Conclusions for fixed-mobile convergence section 66 

6 General conclusions 68 

6.1 Operators’ voice migration strategies are dependent on market context 68 

6.2 Operators in the same market may follow different voice migration strategies 68 

6.3 Options for next-generation mobile-voice migration are more complex and less 

straightforward than the fixed migration options 69 

6.4 Conclusions for the UK market  70 

 

 

Annex A Acronyms used in the report 

Annex B List of relevant standards 

Annex C Transition modelling approach for fixed networks and modelling results 

Annex D Transition modelling approach for mobile networks and modelling results 

Annex E List of LTE-enabled smartphones 

 

 

  



Roadmaps for the transition to new fixed and mobile voice technologies 

Ref: 39159-104 .  

 

Confidentiality Notice: This document and the information contained herein are strictly 

private and confidential, and are solely for the use of Ofcom.  

Copyright © 2014. The information contained herein is the property of Analysys Mason 

Limited and is provided on condition that it will not be reproduced, copied, lent or 

disclosed, directly or indirectly, nor used for any purpose other than that for which it was 

specifically furnished. 

 

Analysys Mason Limited 

St Giles Court 

24 Castle Street 

Cambridge CB3 0AJ 

UK 

Tel: +44 (0)1223 460600 

Fax: +44 (0)1223 460866 

cambridge@analysysmason.com 

www.analysysmason.com 

Registered in England No. 5177472 



Roadmaps for the transition to new fixed and mobile voice technologies  |  A–1 

Ref: 39159-104 .  

1 Executive summary 

1.1 Scope of the analysis  

Migration to next-generation voice services is at the top of the agenda of a number of operators 

worldwide. Public-switched telephone network (PSTN) legacy switching technologies (so called 

“signalling system 7” or SS7) are approaching the end of their life, as fixed carriers are migrating onto 

services based on next-generation network (NGN) platforms where the voice traffic is carried as 

packet-switched IP data in the core network. Meanwhile, wireless voice services, so far provided over 

dedicated legacy circuit-switched functionality built into 2G and 3G networks, also now have a next-

generation alternative in voice over LTE (VoLTE).  

The pace of migration of both fixed and mobile-voice services from SS7/legacy 2G and 3G to next-

generation networks varies greatly among service providers and markets, and is dependent on a wide 

variety of different variables.  

In this context, we conducted an analysis of possible next-generation voice migration strategies of 

service providers on both fixed and mobile networks. The time horizon of our analysis is fifteen years.  

As part of this analysis, we have built two Excel models to assist in examining the factors that affect 

the timeline for the transition to next-generation voice platforms. The models, which include various 

scenarios where there is uncertainty, cover a 15-year period (2014-2028) and are based on the UK 

telecoms market and focus on a rational (and hypothetical) operator seeking a voice migration 

strategy to minimise the net present value (NPV) of its future costs. We focus on costs because we do 

not see material additional revenues simply from migrating voice services to a new platform.  

Our report also provides a qualitative analysis of the issues most relevant to the migration of voice to 

NGN platforms and associated migration strategies. We pay special attention to the implications of 

different migration strategies for networks (considering network architecture and associated costs, 

resilience and security), customer premises equipment (CPE) and quality of service. The implications 

of next-generation voice migration with regard to interconnection and convergence have also been 

analysed.  

1.2 Roadmaps for voice services on fixed and mobile networks and key elements of the 

transition modelling approach  

We have considered three migration strategies for voice migration on fixed networks and five 

migration strategies for next-generation mobile-voice migration, as presented in Figure 1.1. There are 

more options for mobile-voice migration since there is a wider variety of options available in this case 

at present.  
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Figure 1.1: Next-generation voice migration strategies that were considered [Source: Analysys Mason, 2014] 

Access infrastructure  Migration options considered  

Fixed   Option 0: Sustain – baseline option  

 Option 1: Managed voice over broadband (VoBB)  

 Option 2: Multi-service access node (MSAN)  

Mobile   Option 0: No use of voice over LTE (VoLTE) – baseline option  

 Option 1: Gradual deployment of VoLTE  

 Option 2: Faster move to native VoLTE  

 Option 3: Deployment of managed voice service over LTE via 

an application 

 Option 4: Deployment of over-the-top (OTT) voice service on 

unmanaged data bearer over LTE 

“Sustain” is the baseline option for fixed networks, and “No use of VoLTE” is the baseline option for 

mobile networks.  

1.3 Transition modelling results for fixed networks 

In the context of an operator with the scale of BT, the model shows that the MSAN voice migration 

option yields the most favourable results when the NPV of its future costs is compared against the 

baseline option (i.e. sustain). The potential cost savings range from GBP483 million to 

GBP1008 million for different migration profiles under the MSAN option (see Figure 1.2) 

By comparison, the VoBB migration scenarios are much less favourable than the MSAN scenarios as 

can also be seen in Figure 1.2. Under a managed VoBB migration option, all customers would have to 

have a broadband connection and most would have to be provided with new CPE. Furthermore, the 

operator would have to invest into providing battery back-up as an alternative power source for 

equipment at the end user’s premises (since this is currently needed to comply with Ofcom guidance).  

Figure 1.2: Modelling results associated with MSAN and VoBB migration options [Source: Analysys Mason, 2014] 

MSAN  Unit Aggressive Moderate Slow 

Optimistic and 

pessimistic scenarios
1
 

GBP million 1,008 652 483 

 

VoBB  Unit Aggressive Moderate Slow 

1: Optimistic GBP million    

                                                      
1
 Optimistic context assumes that:  

— 50% of customers served from the exchange already have a router with an ATA port, as well as 0% of FTTC and 100% 
of FTTH customers  

— CPE vendors will start offering a self-install CPE for FTTC and FTTH customers by the end of 2018.  

Pessimistic context assumes that:  

— 30% of customers served from the exchange already have a router with an ATA port, as well as 0% of FTTC and 100% 
of FTTH customers 

— CPE vendors will start offering a self-install CPE for FTTC and FTTH customers in 2025. 
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1-hour battery back-up
2
  342 49 84 

2: Pessimistic  GBP million    

1-hour battery back-up  288 -117 -95 

 

While these model results taken at first sight imply that a rational operator would take the decision to 

migrate to an MSAN-based solution, to make such a large investment is to take a risk that the future 

will evolve as the business plan expects. By comparison, as we note below, a “sustain” strategy is 

capable of a slow and customer-led migration to VoBB with a much less intensive profile of capital 

costs and is much more resilient than the MSAN strategy to possible different futures such as:  

 radically lower demand for fixed voice subscriptions (with customers moving to mobile voice or 

OTT services such as Skype), 

 increased use of FTTH (for which VoBB is a natural fit, as there is no MSAN solution possible)  

 or the use of broadband solutions with no associated copper pair to the exchange for voice 

services (so-called “naked” broadband services). 

In this context we note that BT chose to stop its MSAN-based migration, as discussed in sections 3.7, 

3.8 and 3.9.  

1.4 Transition modelling results for mobile networks  

LTE is just starting to be deployed on a wide scale, and mobile operators that provide LTE are now 

offering a number of LTE-enabled smartphones to their customers. These operators have several 

commercial and technological options available for the implementation of voice services over their 

LTE networks including Circuit Switched Fall-back (CSFB) – using the legacy 2G and 3G networks; 

a more or less rapid migration to VoLTE with or without Single Radio Voice Call Continuity 

(SRVCC) – a feature that enables a call to transition from VoLTE to 2G/3G mid-call; offering 

managed voice services through an operator-controlled application running on the handset; and 

offering OTT voice applications provided by third-party communication providers. 

The implementation of CSFB has been used by many operators around the world as the initial voice 

services solution in the deployment of their LTE networks. Operators have the option to continue in 

this direction (our Option 0) or to seek to migrate their users to next-generation voice through the 

provision of VoLTE. This migration can be achieved naturally, involving the concurrent operation of 

parallel network infrastructures with CSFB and SRVCC support (Option 1), or pushing forward with 

a shorter timeline for VoLTE uptake, a forced migration, and the switch off of legacy networks 

allowing spectrum refarming (Option 2). 

On the other hand, operators not wishing to spend on this scale can use application-based solutions to 

mitigate these costs, either providing their own managed voice solutions through an application and a 

                                                      
2
 Please note that in the subsequent sections of this report we also compare migration options under the scenario associated 

with 4-hour battery back-up for VoBB  option  
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Soft Switch (Option 3) or leaving the provision of voice entirely to 3
rd

 party application developers 

(Option 4). 

In terms of costs to the operator, the NPV relative to the baseline scenario is provided in Figure 1.4 

for each of the four migration options. For the avoidance of doubt, we assume the same LTE network 

coverage, and the same number of subscribers in each case. 

Figure 1.3: Option modelling NPV results [Source: Analysys Mason, 2014] 

 Option 0 Option 1 Option 2 Option 3 Option 4 

Description CSFB only CSFB and 

SRVCC 

CSFB and 2G 

switch off 

Managed 

voice app 

3
rd

 party app 

only 

Parameters - VoLTE launch 

2014, 10% 

SRVCC 

uptake 

100% VoLTE 

uptake 2021, 

2G shutdown 

2022, 

spectrum 

refarm 

- - 

Comparative 

NPV 

GBP0 -GBP986m -GBP390m GBP182m GBP854m 

 

In a similar way to the discussion related to fixed services above, it should not be assumed that the 

only possible operator choice is option 0 (or indeed option 4). VoLTE is at a very early stage of 

commercial deployment and the situation may change rapidly (indeed it has changed rapidly during 

the progress of this study). Factors which will reduce the costs include a gradual migration of end 

users to handsets that either support VoLTE now or can potentially be upgraded to do so. In addition, 

some mobile operators may see more value in being able to use VoLTE in order to provide in-

building coverage in specific bands that are currently not supported by 2G/3G technologies (e.g. 

800MHz) or 2.6GHz (e.g. via femtocells), or more value in the spectrum that can be freed up by a 

migration away from 2G and 3G voice. 

 

1.5 Convergence and its implications on the migration to next generation voice  

The growing demand for bundled and converged offerings provides operators with both challenges 

and opportunities.  

Opportunities related to network cost savings are the most relevant to operators considering migration 

to next-generation voice on mobile and fixed networks. In the context of the UK market, convergence 

would make the migration to next-generation fixed voice a more attractive business case for an 

operator that already had a mobile IMS core (or vice versa). The most significant network-related cost 

saving would come from lower operating costs associated with the larger scale that the convergence 

of fixed and mobile operations would bring about.  
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There are also new mobile network architectures which are heavily reliant on fixed broadband 

solutions, such as so-called “inside out” architectures where the network coverage is provided mainly 

by in-building coverage provided by femtocells or voice over WiFi (Vo Wi-Fi), with outdoor network 

coverage provided by conventional macrocells (possibly via a roaming agreement). These 

architectures do not of themselves change the economics of VoLTE, but they show that voice 

technologies that are less dependent on specific technology bearers are more flexible and resilient to 

the changes in demand and access networks that are likely to occur over the next few decades. They 

also make it possible for stakeholders with licences to use specific spectrum bands (such as BT) to 

offer converged voice services based on bands in which LTE will be available (such as 2.6GHz).  
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2 Introduction 

2.1 Context  

Migration to next-generation voice services is at the top of the agenda of many operators worldwide. 

PSTN legacy switching technologies (so called “signalling system 7” or SS7) are approaching the end 

of their life, as fixed carriers are migrating onto services based on NGN platforms where the voice 

traffic is carried as packet-switched IP data in the core network. Meanwhile, wireless voice services, 

so far provided over dedicated legacy circuit-switched functionality built into 2G and 3G networks, 

also now have a next-generation alternative in VoLTE.  

However, the pace of migration of both fixed and mobile-voice services from SS7/legacy 2G and 3G 

to next-generation networks varies greatly among service providers and markets, and is dependent on 

a wide variety of different variables, most notably the existing infrastructure that the service providers 

own and are able to continue to use.  

It is in this context that we examine in this report the voice migration strategies that fixed and mobile 

operators might select and their implications on network, customer premises equipment (CPE), and 

quality of experience (QoE). Furthermore, given the growing importance of fixed–mobile converged 

offerings in service providers’ portfolios, we also examine voice migration strategies in the context of 

fixed–mobile convergence.  

2.2 Objectives of the report 

The Digital Economy Act 2010 (DEA) requires Ofcom to report to the Secretary of State for Culture, 

Media and Sport every three years on the state of the UK communications infrastructure.  

The next full report is due in October/November 2014. For the 2014 report, one of the topics which 

Ofcom is interested in exploring is the roadmap for the transition to new fixed and mobile-voice 

technologies. 

The key objective of this project is to provide Ofcom with an analysis of the potential roadmaps and 

options for voice services on fixed and mobile networks, identifying the most probable developments 

for the likely replacement for the PSTN voice services in the wireline and mobile wireless markets, 

and setting out the implications of transition to these technologies for the network, consumer 

equipment and QoE.  

Key challenges, risks and opportunities related to this deployment are also of interest. In this context, 

Ofcom would also like to know how long existing fixed and mobile-voice services can be maintained.  

As part of this project, we have built two Excel models to assist in examining the factors that affect 

the timeline for the transition to next-generation voice platforms in both fixed and mobile access 

markets. These models include various scenarios where there is uncertainty.  
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As agreed with Ofcom, the fixed-voice migration options examined in the fixed model and the report 

are as follows: 

 Fixed option 0 (baseline option): Sustain – based on maintaining the PSTN at least until the end 

of the decade, with, in the meanwhile, an NGN overlay for those customers that are demanding it. 

 Fixed option 1: the managed voice over broadband (VoBB) – all customers have to be 

migrated to a broadband-based platform, and use an analog terminal adapter (ATA) to connect 

their existing voice handset to their broadband modem (residential gateway). 

 Fixed option 2: the multi-service access node (MSAN) – service providers replace the existing 

PSTN equipment and explicitly move the subscribers to an NGN voice platform with the 

conversion performed by the “line card” at the street cabinet or the local exchange. 

The mobile-voice migration options analysed in the mobile model and the report are as follows:  

 Mobile option 0 (baseline option): no use of VoLTE with voice calls remaining on 2G/3G using 

circuit-switched fall-back (CSFB). 

 Mobile option 1: Gradual deployment of VoLTE with CSFB for voice – This option consists 

in using CSFB and VoLTE with SRVCC, with a gradual migration of LTE customers to VoLTE 

over the length of the forecast period, and maintenance of the legacy networks for CSFB support. 

 Mobile option 2: Native VoLTE – This option considers a more aggressive VoLTE strategy. 

There is no SRVCC support, but some CSFB as an interim solution while all non-VoLTE 

subscribers are migrated to VoLTE handsets. This migration takes place both “naturally” (through 

handset upgrades at the end of contract cycles) and (at a specified point) as a forced migration 

with replacement handsets subsidised by the operator. There is also a 2G network switch-off and 

spectrum refarm under this option, enabled by the forced migration. 

 Mobile option 3: deployment of managed voice services using an application over LTE (i.e. 

where the operator designs or customises its own voice service, e.g. via a voice app), using core 

other than IMS (IP multimedia subsystem). 

 Mobile option 4: deployment of over-the-top (OTT) voice service on unmanaged data bearer 

over LTE (i.e. where voice services are provided through a third-party OTT provider, using an 

application on the subscriber’s terminal. In this case, the mobile operator does not control the 

routing of voice calls). 

2.3 Report structure  

The remainder of this report is laid out as follows: 

 Section 3 investigates next-generation fixed voice  

 Section 4 examines next-generation mobile voice  
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 Section 5 assesses relevant matters related to fixed–mobile convergence and how those will affect 

the migration of voice on next-generation networks 

 Section 6 presents our general conclusions.  

The report includes of the following annexes containing supplementary material:  

 Annex A: Glossary of abbreviations  

 Annex B: List of relevant standards 

 Annex C: Transition modelling approach for fixed networks and modelling results 

 Annex D: Transition modelling approach for mobile networks and modelling results  

 Annex E: List of LTE-enabled smartphones  
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3 Next-generation fixed voice  

In the following subsections, we investigate possible roadmaps for migrating voice services from 

PSTN to NGN, look at their implications on network, customer premise equipment (CPE) and quality 

of experience (QoE), and analyse the key challenges and opportunities associated with each of these 

strategies. We also discuss the relevant next-generation voice standardisation efforts and, at the end of 

the section, we present five case studies of selected service providers’ fixed voice migration strategies 

and provide our overall conclusions for next generation fixed-voice migration. The subsections are 

structured as follows:  

 Section 3.1 reviews the current state of play for next-generation fixed-voice services 

 Section 3.2 describes the ongoing standardisation efforts related to next-generation fixed voice  

 Section 3.3 defines the three fixed-voice migration strategies that a rational operator can decide to 

pursue  

 We have built a model to analyse the impact on the business case of different timescales and other 

parameters of three implementation options for the migration of fixed-voice services to next-

generation voice services. Sections 3.4 to 3.6 analyse these options. The methods and results of 

our modelling are detailed in Annex B.  

 Section 3.7 presents five case studies of selected service providers’ fixed-voice migration strategies 

 Section 3.8 presents the summary of modelling results for the migration of fixed-voice services to next 

generation voice services 

 Section 3.9 provides our overall conclusions for next-generation fixed-voice migration. 

 

3.1 The current state of play for next-generation fixed-voice services  

Reasons to migrate 

The switching technology within existing PSTN voice networks is reaching the end of its life. The 

main vendors are ceasing to provide support for TDM (time-division multiplexing) networking 

equipment, and there is also a workforce planning issue caused by the retirement of operator-

employed engineers qualified to work on TDM network equipment. 

The cost per PSTN/ISDN subscriber will inevitably rise on TDM networks. At the same time, voice is 

arguably a service of declining importance to end users who have a wider choice of communications 

media including email, IM and video chat, and represents a significant but declining source of revenue 

to operators.  

Migration could be motivated by additional revenue or lower costs: in our view the cost savings 

appear to be the dominant reason. NGN equipment is cheaper to purchase and to operate than SS7; it 

also uses a common transmission platform with the main IP data services including broadband. More 

widely, PSTN switch-off can be seen as part of a much broader transformation to operating cost 
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structures, with new forms of service delivery also offering the possibility of significant reductions in 

field force and production-cycle costs.  

The timing of this migration is, however, rather less clear. While most operators acknowledge that the 

PSTN infrastructure is approaching end of life, there is no clear consensus in terms of the optimal 

time to switch off the legacy network. Some operators, such as AT&T, are calling for an early “PSTN 

sunset”, claiming that they would fully transition all their customers to NGN by 2020. Deutsche 

Telekom is actively pursuing PSTN switch-off across its eight European fixed-line markets and is 

planning to migrate all PSTN/ISDN customers across its footprint in Europe by the end of 2018. On 

the other hand, other operators are postponing the migration and hoping to extend the end-of-life 

deadline well into the second half of the 2020s by stockpiling spares, retaining technician skills and, 

where necessary, using decommissioned equipment from other operators.  

The sustain option is to a certain extent supported by regulatory inertia (as policy choices relevant to 

PSTN might not be as natural or as relevant to NGN
3
), as well as a strong concern within operators 

for maintaining the specific (high) QoE provided by the PSTN (which “just works”). Customers 

would not favour migration if for example it might deny them access to or degrade specific services, 

or be less functional for emergency calls.  

Interconnection  

PSTN interconnection is highly regulated, with all UK operators being obliged to negotiate with other 

communication providers with a view to concluding an interconnection agreement, and with Ofcom 

imposing ex-ante remedies on operators with significant market power in certain relevant markets 

(specifically, call termination on individual networks, meaning that all operators providing publicly 

available telephony services are so regulated) and certain technical standards. By contrast, 

interconnection in the Internet is not regulated.  

Specific aspects of the interconnection regime may need to change as a result of the changed 

economics of next-generation core networks, in several ways: 

 Location of the interconnection. The economics of NGN networks are such that many fewer 

switch locations are needed. It makes little economic or technical sense to interconnect closer to 

the end user than the switch serving that end user if the traffic needs to route via that switch; as a 

result, fewer points of interconnection may also be rational. In the UK PSTN, interconnection is 

currently available at each switching site – including local exchanges (sometimes known as 

“DLEs”), of which there are many hundreds, and “tandem switches” (sometimes known as 

“DMSU”), of which there are around 70. In an NGN, the voice switches and IP routers are present 

in significantly fewer locations – perhaps a dozen or fewer. 

                                                      
3
  One example is DLE (digital local exchange) interconnection and the surrounding edifice of related decisions such as 

APCC (which relates to number portability). DLE interconnection is very unlikely to be economically efficient to offer in 
an NGN; number portability might be better implemented entirely differently. 
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 Technology for interconnection. NGN voice networks can interconnect either using existing 

TDM technology (via a media gateway, MGW, which converts NGN to SS7 media streams and 

vice versa between disparate networks) or using IP-based voice protocols directly via a session 

border controller (in effect a kind of firewall which also supports access control– only providing 

voice termination services to those who have a commercial interconnection agreement).  

– Using IP-based voice interconnection protocols allows more freedom for the two networks to 

negotiate suitable technical standards (e.g. the choice of codec); it also allows the use of more 

modern and lower-cost transmission (such as Ethernet). However, the additional freedom also 

has its price: in order to ensure interoperability and the ability to use the service end to end, if 

the two networks have made different technical choices then it may be necessary to provide 

various interworking (e.g. codec translation) facilities in one or the other network. This may 

hold back moves towards large-scale take-up of specific enhanced services (e.g. HD voice) if 

they are not widely supported by other UK telecoms companies (this would be a “network 

externality” issue). 

– One of the key incentives to switch to the IP-IP interconnection model is a reduced cost for 

the operators, eliminating the need for IP-TDM media conversion. However, this argument is 

valid only to the extent that other telecoms companies can also interconnect using IP; in the 

short run, some TDM gateway capacity (or a transit agreement with a provider that can offer 

this) will remain essential. 

 Changes to either the location of interconnect or the technology used may leave other operators 

with stranded assets.  

 Commercial model. The transition to NGN need not necessarily change the current arrangements 

for voice interconnection (which is usually “calling party network pays” in Europe, with 

exceptions for e.g. Freephone), nor does it need to change the way in which these calls are 

metered (pence per minute). Alternative commercial models are possible, such as capacity-based 

interconnection, but these are not unique to the NGN.
4
 The fact that IP interconnection is done 

according to a specific set of unregulated commercial models (peering, paid peering, partial 

transit, transit) does not necessarily mean that NGN voice traffic will be interconnected in the 

same way. 

While IP-based interconnection is likely to be the long-term solution due to its lower costs, the 

existing regulation (for example of termination) is likely to persist as long as it remains relevant and 

necessary. The related commercial models may also persist beyond the NGN transition, albeit 

reflecting the lower costs, although it is also conceivable that some NGN operators will voluntarily 

move to a bilateral “bill and keep” regime. These are all topics on which Ofcom has published 

extensively in the past. 

                                                      
4
  For example, capacity-based dial-up Internet access existed in the UK for many years; a similar service in Spain allowed 

use for voice calls as well as dial-up Internet. 
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3.2 Ongoing standardisation efforts  

International standards bodies including ETSI (European Telecommunications Standards Institute) 

and ITU (International Telecommunication Union) have developed a robust body of standards 

relevant to next generation voice on fixed and mobile networks. Some of these standards address 

issues for both next-generation fixed and mobile voice while others are more specific and relate to 

fixed voice only. These standards address a wide range of issues including codecs, call setup, 

emergency communications, quality of service, interconnection, legal intercept etc. We present a list 

of various next generation voice standards developed by ETSI and ITU in Annex B.  

This is not to say that the situation is perfect: new expectations for networks lead to requirements for 

new standards. For instance, the ITU currently has a set of standards related to emergency 

communications in preparation. In fact, even without changes in requirements it can be argued that 

there may be too many standards: interoperability may be more difficult as a result. As we have 

already noted above, if the capabilities of the equipment at each end of the call are different, then they 

will have to negotiate a mutually acceptable common standard as part of the call setup, or may require 

some intermediate device to translate (“trans-coding”), which may involve a loss in quality and 

additional cost in making these facilities available at gateways. This kind of issue might hold up 

prospects for enhanced facilities such as better voice sound quality - “HD voice”. 

While the current body of standards that addresses next generation fixed voice is quite substantial 

(and evolving slowly), standards that address more recent and still-evolving technologies such as 

VoLTE are still moving more rapidly. A number of points are noted in the text below where specific 

issues such as improving call setup time and time to transition from the packet-switched to circuit-

switched domain in SRVCC are being worked on by vendors and standards bodies.  

Finally and by comparison, for certain types of OTT voice (and other services, for example Instant 

Messaging) open standards are conspicuous by their absence and major vendors (e.g. Skype, 

WhatsApp) are not interoperable, and in fact only interconnect via the telephone system. Whilst the 

lack of interoperability of these services is not yet a major issue, it is conceivable that mutual 

interconnection of these services would be in the interests of citizens in the future (albeit this may be a 

long time away). We discussed similar points in our work for the European Commission a decade ago 

(“IP voice and associated convergent services”, Analysys, 2004).  

3.3 Roadmaps for voice services on fixed networks  

Wireline NGN voice exists in a number of different forms, specifically: 

 Over-the-top (OTT) voice over broadband (VoBB) (such as Skype and Vonage)- where the voice 

service provider has no control of the broadband access  

 managed VoBB (such as Makedonski Telekom voice service)  - where the voice service provider 

also controls the broadband access 

 managed PSTN interface using NGN provided from the MSAN (such as BT’s 21CN and 

TalkTalk and Sky’s voice service). 
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The critical differences between these options from a regulatory and migration timing perspective are 

as follows: 

 Whether the voice service is provided by the access network service provider (which is in a 

position to manage the extent to which other traffic can interfere with the voice traffic), or is 

provided by a third party (OTT). Managed services can use QoS mechanisms to provide managed 

levels of service quality, whereas OTT services cannot. 

 Whether the service requires a broadband connection (VoBB) or uses the traditional narrowband 

interface in the local loop (NGN at the MSAN). This affects: 

— the nature of the CPE: VoBB uses either an analogue terminal adapter (ATA)
5
, software 

on a PC, or a dedicated VoBB capable CPE; MSAN uses existing equipment in the home 

 

— the nature of the equipment installed at the DSLAM/MSAN: PSTN-capable line cards or 

dual PSTN/DSL line cards are needed to support the PSTN voice interface.  

 

 Whether the service can economically support a voice-only customer (i.e. one who does not also 

buy a broadband service). 

From the standpoint of service providers, each fixed-voice migration option raises different issues, as 

described below.  

Figure 3.1: Fixed-voice migration strategies [Source: Analysys Mason, 2014]  

 Sustain  Managed VoBB  MSANs 

Description 

of the 

strategy 

Build out NGN core 

switching now for 

those customers who 

need it, but maintain 

PSTN well into the 

next decade 

Move towards NGN in core 

for voice – all customers have 

to be migrated to a 

broadband-based platform, 

and use an analog terminal 

adapter (ATA) to connect 

their existing voice handset to 

their broadband modem 

(residential gateway). 

 

Move towards NGN in core 

for voice – service providers 

replace the existing PSTN 

equipment and explicitly 

move the subscribers to an 

NGN voice platform with the 

conversion performed by the 

“line card” at the street 

cabinet or the local 

exchange. 

Key 

actions to 

be taken  

Manage end-of-life 

issues proactively: 

 stockpile spares, 

recycle technician 

skills 

 benefit from 

decommissioned 

equipment, 

possibly from other 

operators 

Deliver solutions for 

remaining voice-only retail 

customers, i.e. broadband 

plus routers with ATA  

Deliver solutions for PSTN-

based wholesale customers: 

 gateways for IP 

interconnection 

 transfer POIs out of the 

local exchange 

 

Insert MSANs containing 

voice gateways at local 

exchanges or at cabinets 

Deliver solutions for PSTN-

based wholesale customers: 

 gateways for IP 

interconnection 

 transfer POIs out of the 

local exchange 

 

                                                      
5
 Which may be provided by a port on an existing broadband modem / residential gateway 
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 Sustain  Managed VoBB  MSANs 

Strategy to 

minimize 

future 

costs 

Encourage 

broadband and multi-

plays, and start to 

encourage VoBB in 

multi-plays when the 

profitability of VoBB 

overtakes that of 

PSTN 

Encourage the adoption of 

multi-play bundles 

Migrate PSTN ”invisibly” so 

as to minimize the possibility 

of churning  

 

3.4 Baseline option: Sustain  

Sustain is an option which is based on maintaining PSTN at least until the end of the decade, with in 

the meanwhile an NGN overlay for those customers that are demanding it.  

Many operators simply do not regard PSTN/ISDN switch-off as a strategic priority, and while they 

recognise that it will ultimately be turned off, they do not want to: 

 commit themselves to a technical intervention without any clear payback time or service benefits 

 predict a date at which a more-proactive approach may be necessary – so long as PSTN/ISDN 

continues to deliver good margins. 

Operators sometimes point out other reasons for using this option. These include:  

 in the case of VoBB, potential issues with quality of service (QoS) on VoBB – arising from 

congestion of the broadband link in those cases where the broadband access network is not 

correctly dimensioned or managed 

 the costs of managing the transition of certain services onto the new infrastructure, notably 

emergency service calls but also including alarm circuits, dial-up data (e.g. as used by EFTPOS 

terminals and pay-TV set-top boxes), telemetry, etc.  

A variety of operators are currently adopting a sustain option, including BT, which had been at the 

forefront of MSAN-based NGN transformation but then stopped its migration and stated in 2009 that 

“voice services are likely to remain PSTN-based for the vast majority of lines for the foreseeable 

future”. It has since indicated no change in its position. KPN stopped reporting progress on its so-

called all-IP transformation in 2010. Revenue from property release (one of KPN’s primary 

motivators for this strategy) was much lower than anticipated. Verizon appears to regard active 

investment in IP transformation of existing PSTN lines as unnecessary. Ultimately, it would appear to 

prefer to use market forces to shift all customers onto FTTH and/or mobile. Neither Orange nor 

Telefónica have published timetables for transformation in their main fixed-line markets.  

Those in favour of the sustain option often operate in environments where the profitability of the 

PSTN is still relatively high. Sustaining the PSTN and migrating to VoBB may be essentially similar 

strategies (differing only in their timing, in the end), since in the long run “sustain” cannot be a 

permanent option, and the migration to VoBB can be adopted on a customer-by-customer basis.  A 
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“sustain” strategy is therefore capable of becoming a slow and customer-led migration to VoBB with 

a much less intensive profile of capital costs and is much more resilient than the MSAN strategy to 

possible different futures such as:  

 significantly lower demand for fixed voice service (with customers moving to mobile voice or 

OTT services such as Skype), 

 increased adoption of FTTH (for which VoBB is a natural fit, as there is no MSAN solution 

possible)  

 or the use of broadband solutions with no associated copper pair to the exchange for voice 

services (so-called “naked” broadband services). 

3.4.1 Network implications  

Sustaining may become a problematic option from the standpoint of network maintenance as the 

operator’s suppliers (the main equipment vendors) cease to provide support for the legacy 

infrastructure. Furthermore, the retirement of operator-employed in-house network engineers qualified 

to work on TDM network equipment will eventually create a workforce shortfall.  

In addition to this, an operator that is in essence sustaining while providing NGN-based services for 

its high-end customers faces higher network opex costs associated with having to maintain both TDM 

and NGN architectures in parallel.  

3.4.2 Consumer equipment implications  

The sustain option does not require any investment by the operator in new CPE (such as analogue 

terminal adapters (ATA) or broadband modems/residential gateways (RGW) for voice-only 

customers).  

This point can also be relevant when assessing customer churn. It is expected that the need for change 

at customers’ premises may cause some customers to consider churning.  

3.4.3 QoE impact  

The quality of PSTN-based voice service is still significantly higher than that of available NGN 

options, for two reasons: 

 its fidelity is high. PSTN voice is still seen as the gold standard in the context of QoE for voice. 

There is a possibility that in the future NGN voice might be able to provide an even higher sound 

quality experience (so-called “HD voice”), but this is not the option most often being provisioned 

at the moment 

 there may still be bugs in the NGN software, and VoBB relies on quite unreliable broadband 

modems that occasionally require a reset (which is essentially never the case for PSTN handsets).  

PSTN-based voice is universally available as a result of the universal service obligation (USO). As a 

result of line powering, the PSTN service is generally not affected by power outages; providing 
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similar resilience can be much more of a concern for VoBB in particular as the broadband equipment 

is not line powered. The only cases in which power outages can cause issues with QoE for PSTN 

customers is when customers own portable wireless handsets (e.g. DECT phones) with base units that 

require their own power supply
6
.  

3.4.4 Key challenges and opportunities associated with this option  

Figure 3.2 summarises the key challenges and opportunities related to the sustain option.  

Figure 3.2: Key challenges and opportunities associated with the sustain option [Source: Analysys Mason, 2014] 

Sustain option 

Challenges   keeping costs low 

 maintaining reliable service with vendor support becoming 

unavailable or more expensive 

 keeping sufficient trained staff 

 competing with other providers that can innovate more rapidly in 

terms of new services on NGN 

Opportunities   Can develop NGN core as an optional offer at the pace required 

by customers before having to manage a large-scale migration  

 defers large-scale capex in a situation where access network 

changes may render some approaches less meaningful in the 

future (e.g. MSAN migration would be stranded if FTTH takes 

off) 

3.5 Fixed option 1: Managed VoBB  

The VoBB migration is an option under which an operator digitises the phone signal and converts it 

into IP at the end user’s premises, often using an “analogue terminal adapter” (ATA) which may be 

built into a broadband router or be a separate device to convert the signals from a standard telephone. 

The data is then sent back to the core network over the customer’s always-on broadband connection. 

As a result, this option requires customers to have a broadband subscription. Even customers who 

want only a voice service would still require broadband. 

The operator’s customer acquisition strategy may be one of the key reasons to adopt this approach as 

it has a “natural fit” with multi-play bundles combining voice with broadband services. Other reasons 

include some of the challenges related to the “sustain” option, as pointed out in the previous sub-

section; it will be cheaper to operate one core network than two.  

While OTT voice services, such as Skype and Viber, also use broadband, there are a number of 

differences between OTT voice and managed VoBB voice services. The most notable one is QoS with 

access network operators providing VoBB being able to provide high QoS on a resilient and secure 

network. This and other differences are further analysed in the following sub-sections.  

                                                      
6
 This is why such devices instruction manuals often recommend that end-users retain a “traditional” handset to plug into the 

phone socket in the case of emergency 
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3.5.1 Network implications  

This option faces different capex and opex for the migration of different subscriber types: 

 voice-only subscribers for DSL from the exchange (see Figure 3.3)
7
 

voice and broadband subscribers for DSL from the exchange (see  

 Figure 3.4) 

 voice and broadband subscribers served by FTTH architecture (see Figure 3.5) 

 voice and broadband subscribers served by FTTC architecture (see Figure 3.6) 

In all cases, the operator pursuing a VoBB option will have to replace the PSTN switches with a 

central soft switch. Based on our research, we understand that the cost of the PSTN switch is about 

GBP15 per port, while the cost of a soft switch is closer to GBP10 per port. In addition to the per-port 

cost of the soft switch and its installation, we allow for the cost of data migration onto the soft switch 

from the PSTN switch, and note that the power usage of the soft switch is about a quarter of the power 

usage of the PSTN switch. 

In the case of voice-only customers served from the exchange, the operator pursuing a VoBB 

migration option would also have to incur the cost of a DSL card and its installation. The cost of a 

DSL card for those customers served by an FTTC architecture will be higher as this will now be a 

VDSL2+ rather than ADSL card. 

                                                      
7
      Please note that the diagrams shown in figures 3.3 – 3.6 illustrate the change in the equipment used pre and post 

migration for different types of customers with the top box designating the equipment used pre and the bottom box 
designating the equipment used post migration. The new equipment to be used post migration does not have to 
correspond to the new equipment that operators would need to purchase as they migrate the subscribers onto the VoBB 
platform.  
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Figure 3.3: VoBB migration for DSL from exchange (voice-only customers): comparison of the equipment used 

before and after the migration [Source: Analysys Mason, 2014]
8
  

 

 

Figure 3.4: VoBB migration for DSL from exchange (voice + broadband customers): comparison of the equipment used 

before and after the migration [Source: Analysys Mason, 2014] 

 

                                                      
8
      Please note that the top (grey) box designates the equipment used by a customer before the migration, and the bottom 

(pink) box designated the equipment used after the customers’ migration to VoBB. The same applies to all figures 
between 3.3 and 3.6 
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Figure 3.5: VoBB migration for FTTH: comparison of the equipment used before and after the migration [Source: 

Analysys Mason, 2014] 

 

Figure 3.6: VoBB migration for FTTC: comparison of the equipment used before and after the migration [Source: 

Analysys Mason, 2014] 
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In a sustain scenario, for FTTC and FTTH network architectures, there is an overlay copper network 

in addition to the copper subloop (for FTTC) and (in some places) to the GPON fibre network (for 

FTTH). An operator that selects to implement a VoBB migration option does not need the additional 

overlay copper line to carry voice for FTTH customers; this can ultimately result in opex-related 

savings once the operator switches off the PSTN network.  

Resilience  

The soft switch is designed to meet operator requirements and can be provisioned in a resilient 

configuration such as a 1+1 hot stand by configuration (where each will take over in case the other 

one fails).  

However, many other potential points of failure can disrupt the provision of voice service in a VoBB 

scenario, and not all of these are built to support operator voice service levels of availability. For 

instance, if aspects of the IP network (e.g. aggregation switches, RADIUS or DNS), the DSLAM or 

its ports, the customer’s premises ATA modem or RGW were to fail, then the customer will not be 

able to use the voice service.  

Security 

The security concerns related to any voice service provided over IP networks include risks of 

exposure to hacking: loss of confidentiality (access to customer data, conversations and voice 

messages), service denial and interruption, fraud (for instance, placing long-distance calls on behalf of 

the customer and thus incurring charges for the customer) and similar. In the case of managed VoBB, 

the IP network is under the control and management of the access network operator which can take 

measures to secure the network and encrypt the data in a secure VPN; the fact that the same IP 

network is used for end customer broadband Internet traffic means however that the network 

providing VoBB is potentially more accessible to people wishing to cause problems than in the 

MSAN case (where the IP network assets are in principle all operated and maintained by the operator 

in physically controlled spaces to which malicious users would have to try to gain access) or in the 

case of the PSTN (where the skills to harm the network are much less well known and again the 

equipment is located in physical environments controlled by the operator). 

3.5.2 Consumer equipment implications  

Two key CPE-related assumptions may drive the decision of an operator in relation to a VoBB 

migration option:  

 whether the residential gateway currently used at the customer’s premises has an ATA port 

 the regulatory guidance that a battery back-up should be provided at the CPE.
9
 

                                                      
9
      General Conditions (GC) 3.1 sets out the requirement that operators should maintain, to the greatest extent possible 

uninterrupted access to Emergency Organisations. In line with this Ofcom provides guidelines on the use of battery 
back-up to protect lifeline services delivered using fibre optic technology further described in this section.  



Roadmaps for the transition to new fixed and mobile voice technologies  |  A–21 

Ref: 39159-104 .  

In order to be able to use VoBB, customers need to have a broadband connection and its related CPE, 

i.e. residential gateway (RGW) (or DSL modem). If the RGW already has an ATA port, the operator 

does not need to invest in new RGW in order to support VoBB except for customers who do not yet 

subscribe to a broadband service. 

In the case of BT, only the BT Home Hub release 2 included the RGW with an ATA port, while all 

later releases, including the BT Home Hub release 4 and 5, did not offer RGW with an ATA port. In 

the case of FTTH customers, the BT ONT (the FTTH modem) has an ATA port. The RGW without 

ATA port costs approximately GBP30, while an RGW with ATA port costs GBP10 more. 

The alternative solution to that of replacing the entire RGW would be to connect an ATA adapter on a 

LAN connection, but this solution is relatively bulky and may not be received well by consumers. 

Moreover, it does not come at a significantly lower cost when compared to the cost of replacing the 

entire RGW.  

It is therefore likely that an early BT migration to VoBB would come with significant CPE-related 

capex, though BT could lower its future costs by adding ATA to the specification of its future 

gateway devices
 10

; however, other operators may be in a very different position.  

In section 4 below we discuss VoWiFi as a possible additional solution which would use alternative 

in-home terminals. 

Battery back-up 

Another CPE requirement is associated with the need for battery back-up. In the event of a power 

failure at the customer’s premises, the customer’s PSTN telephone currently remains functional. This 

is called “line powering” – the telephone is powered from the exchange. However, with a VoBB 

service, unless a battery back-up is provided at the customer’s premises, the customer would not be 

able to make/receive calls if the power were to fail since the customer’s telephone is connected via the 

ONT or residential gateway which requires a power supply
11

. The availability of voice service during 

power outages is considered crucial, as it ensures that emergency calls can still be made. In 

consideration of this, Ofcom has provided guidance that one hour of battery back-up should be 

provided by the communications provider in fibre access installations.
12

 Ofcom’s guidance applies to 

both new and overlay
13

 FTTP deployments. The cost implication of the battery back-up requirement is 

currently approximately GBP20 per user for a one hour and GBP30 per user for a four hour solution.  

                                                      
10

If BT were to decide that VoBB might be attractive in the future, it could change the Home Hub capabilities and later migrate 

once a large number of customers had this capability already available. 

11
The access network electronics such as OLT/DSLAM and core network elements including the soft switch would also need 

similar protection, but are often located at sites with existing battery and generator-backed power supplies 

12
 Ofcom (2011), Guidelines on the use of battery back-up to protect lifeline services delivered using fibre optic technology. 

Available at http://stakeholders.ofcom.org.uk/binaries/consultations/superfast-
broadband/statement/Battery_Backup_Statement.pdf. 

13
  Ofcom considers an FTTP overlay network to be one that currently exists in parallel to the legacy copper access network. 
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3.5.3 QoE impact 

Voice over IP (VoIP) often suffers from lower QoS than the SS7 PSTN, with problems related to 

latency
14

, packet loss and jitter. However, in the case of managed VoBB, operators can dimension 

their core network and access network and use QoS facilities (such as prioritised Ethernet and MPLS) 

so as to effectively ensure sufficient bandwidth for voice calls and, as a result, reasonable QoE. This 

is one of the key differences between managed VoBB service and VoIP service provided by OTT 

providers.  

In order to meet the need for QoS, the ITU-T standard Y.1541 defines five classes of service, each 

corresponding to a family of applications with different characteristics. Figure 3.7 illustrates the 

different classes of service. 

Figure 3.7: Classes of service defined in the ITU-T standard Y.1541 [Source: ITU] 

Class of service Description 

0 Real-time, jitter-sensitive, high interaction (VoIP, VTC)  

1 Real-time, jitter-sensitive, interactive (VoIP, VTC)  

2 Transaction data, highly interactive (signalling) 

3 Transaction data, interactive 

4 Low loss only (short transaction, bulk data, video streaming) 

Since each class of service has different requirements in terms of delay, delay variation (also called 

jitter), packet loss and bit error rate, the ITU formally defines the performance targets for each class of 

service.  

If an operator wants to support Class 0 services such as conversational voice, its network must ensure 

that: 

 the end-to-end delay between source and destination is no more than 100ms 

 the delay variation is less than 50ms 

 the number of packets lost in the network is less than 1 for every 1000 transported 

 the number of bit errors (within packets) is less than 1 for every 10 000 transported.  

If these performance indicators are met by the network under varying load conditions, the user should 

have a reasonable experience of the service. Where a call is from one network to another, similar 

quality is needed in both networks. 

3.5.4 Key challenges and opportunities associated with this approach 

Figure 3.8 summarises the key challenges and opportunities associated with managed VoBB.  

                                                      
14

  End to end delay 
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Figure 3.8: Key opportunities and challenges associated with managed VoBB migration option [Source: Analysys 

Mason, 2014] 

Managed VoBB option  

Opportunities  Allows service cross-selling, with new revenue opportunities from 

Internet and pay TV 

 Can allow slow migration, at least in the initial phases 

 Relatively low fixed costs; does not require large-scale intervention at 

exchanges or cabinets 

Challenges  Requires ATA for each customer 

 Requires customers to have broadband 

 Battery back-up causes additional costs 

 May result in increased customer churn  

3.6 Fixed option 2: MSANs – Insert MSANs containing voice gateways at local exchanges or 

at cabinets 

The MSAN-based option refers to scenarios in which service providers replace the existing PSTN 

equipment and explicitly move the subscribers to an NGN voice platform, using MSANs containing 

voice gateways inserted at local exchanges or cabinets. The PSTN is turned off in this option. Since 

the solution does not require any change at the customer’s premises, no action is required from the 

customer.  

3.6.1 Network implications 

Under the MSAN migration strategy, a POTS card is used in the MSAN (or possibly an existing 

DSLAM if it is capable) to digitise the analogue PSTN signal and use NGN protocols (e.g. SIP) to 

communicate with the soft switch in the core of the network (see Figure 3.9 and Figure 3.10).  

Operators can choose to:  

 use a separate POTS card (providing multiple ports) in the DSLAM or 

 insert a hybrid card, which provides both DSL and POTS capability.  
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Figure 3.9: MSAN migration for DSL from exchange: comparison of the equipment used before and after the 

migration [Source: Analysys Mason, 2014]
15

  

 

 

Figure 3.10: MSAN migration for FTTC: comparison of the equipment used before and after the migration 

[Source: Analysys Mason, 2014] 

 

                                                      
15

     Please note that the top (grey) box designates the equipment used by a customer before the migration, and the bottom 

(pink) box designated the equipment used after the customers’ migration to VoBB. The same applies to figure 3.10. 
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One of the advantages of the MSAN option over the VoBB option is that there is no need to invest 

into an additional DSL port for voice-only customers, whereas, under the VoBB scenario, all voice-

only customers who are to be migrated have to be provided with a DSL port and modem/HGW.  

The cost of the hybrid card is slightly lower than the total cost of separate POTS and DSL cards. The 

ASDL2 card in the exchange and the POTS card each cost about GBP700 for 48 customers. Since 

each hybrid card serves 48 customers, if the majority of these are voice-only customers, a large 

number of DSL ports will remain unused if using the MSAN migration option. Therefore, investing 

into hybrid cards only makes sense for areas with high broadband penetration rates where most 

customers will be subscribed to receive both voice and broadband services.  

3.6.2 Consumer equipment implications 

The MSAN migration option does not require any changes at the customer’s premises. This translates 

into significant savings related to the replacement of CPE when compared against the VoBB scenario. 

These include both the savings associated with the actual cost of the new CPE (such as ATA) and the 

cost of installing the new equipment at the customer’s premises.  

3.6.3 QoE impact  

In essence, the QoE with an MSAN solution should be comparable to that of voice provided over the 

PSTN infrastructure. There is no question of needing to provision or manage the QoS on the 

broadband data service from the DSLAM to the home.  

3.6.4 Key challenges and opportunities associated with this approach  

Figure 3.11 summarises the key challenges and opportunities associated with the MSAN approach. 

Figure 3.11: Key challenges and opportunities associated with MSAN option [Source: Analysys Mason, 2014] 

MSAN option  

Challenges  Higher power consumption than in the case of VoBB option and 

more expensive maintenance associated with the usage of two 

cards: DSL and POTS. This has an adverse effect on opex.  

 

As the VoBB migration option is being adopted by some large 

operators world-wide,
16

 there is some scepticism surrounding the 

MSAN option and in particular whether it is sufficiently future-

proof. Its advantages over the VoBB option are much less 

significant in markets where total fixed voice lines are 

experiencing rapid declines and where the adoption of FTTH 

based services is high.  

Opportunities  Does not affect customer churn 

Less costly than VoBB (no changes to CPE, no broadband for 

those who buy voice only) 

                                                      
16

        For instance, for AT&T and Verizon in the USA 
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No need to intervene at customer’s premises 

Presents a particularly attractive option for operators in higher-

income markets where the remaining voice-only subscribers do 

not present a good up-sell opportunity  

 

3.7 Case studies of selected service providers’ migration strategies and timescales for 

commercial deployments17  

3.7.1 Deutsche Telekom, Europe  

Deutsche Telekom is the fixed-line incumbent and leading mobile operator in Germany and has a 

presence in around 50 countries worldwide with over half of its revenue coming from outside of 

Germany. As well as its former incumbent fixed and mobile operator Telekom in Germany, Deutsche 

Telekom’s operations include fixed-line subsidiaries in Hungary (Magyar Telekom), Slovakia (Slovak 

Telekom), Croatia (T-Hrvatski Telekom), Macedonia (Makedonski Telekom), Montenegro 

(Crnogorski Telekom, 76.53% owned by Magyar Telekom), Romania (Romtelecom) and Greece (it 

has a 40% stake in OTE). At the end of December 2013, the company reported around 142.5 million 

mobile subscribers, 31.0 million fixed lines and 17.4 million retail broadband lines. 

Deutsche Telekom is actively pursuing PSTN switch-off across its eight European fixed-line markets 

and is planning to migrate all PSTN/ISDN customers across its markets by the end of 2018. While it 

already has some VoBB customers in all its markets and some of its bundled subscribers have been 

provided with new CPE, its strategy will be to migrate remaining voice-only customers using an 

MSAN-based option in all its markets apart from Macedonia, where it decided to pursue a VoBB 

migration option.  

Macedonia’s Makedonski Telekom began its PSTN switch-off project in November 2011. In 

July 2013, it had 200 000 VoBB customers accounting for 78% of its total fixed-voice subscribers, up 

from 165 900 at the end of 2012. In February 2014, it was announced that the migration has been 

entirely completed (within just 25 months), with all 290 000 fixed network lines migrated onto the 

new platform. Other Central and Eastern European markets are expected to follow quickly (Slovakia 

in 2014, Croatia and Montenegro in 2015, Hungary in 2016), while migration in Romania, Greece and 

Germany is not due to be carried out until 2018. Regulatory decisions have partially aided 

Makedonski Telekom’s switch to all IP. In line with the PSTN migration, the Macedonian regulator, 

AEK, approved modifications of the wholesale line rental and bitstream access reference offers from 

1 January 2012. Operators using these wholesale offers must provide their customers with an 

integrated access device. This will lessen the costs on Mecedonski Telecom. 

Deutsche Telekom groups opportunities for cost savings into three broad categories, although the 

weighting of these cost savings will differ significantly depending on the market: 

                                                      
17

  Sources used in this sub-section include Analysys Mason’s report “PSTN migration strategies: an update on operator 

initiatives,” published in December 2013.  
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 maintenance service agreements with vendors: these costs will be removed once switch-off has 

occurred 

 energy consumption: once all PSTN customers have migrated, the energy expenses for that 

network platform will no longer be incurred 

 workforce rationalisation: although demand for employees will be greater while PSTN 

migration is taking place, Deutsche Telekom intends to reduce staffing levels (via long-term 

instruments such as voluntary redundancy) once PSTN migration has been completed. 

In October 2013 (by which time 90% of Macedonian customers had been migrated in only 21 

months), Deutsche Telekom stated that the cost of migration in Macedonia was around EUR35 per 

customer. The operator estimates that the migration will cost between EUR30 and EUR60 per 

customer across all of its European markets.
18

  

It is not clear why VoBB was preferred as the migration strategy in Macedonia, though we note that a 

partial explanation may be that the modelling results we show below show that a faster VoBB 

migration is relatively less costly. Therefore, the ability to complete the migration relatively rapidly in 

Macedonia may have improved the VoBB case. 

3.7.2 AT&T, USA  

AT&T is the largest provider of fixed-line telephony in the USA and in terms of subscribers the 

second-largest US broadband provider (14.7 million broadband connections in December 2013, of 

which 10.7 million are U-Verse
19

 broadband subscribers) and wireless operator (110.4 million total 

connections
20

 in December 2013, via AT&T Mobility). 

AT&T has announced plans with regard to moves towards an all-IP network and expects to have fully 

transitioned its customers to this architecture by 2020. In November 2012, it announced its Project 

VIP, through which it plans to expand its U-verse FTTN offering to about 8.5 million additional 

customer locations by the end of 2015. AT&T would also provide a lower-speed U-verse IP-DSLAM 

offer of broadband access and VoBB to 24 million locations in its fixed service area by the end of 

2013. Under these plans, it would be able to provide IP-based broadband and VoBB to more than 57 

million locations, or around 75% of the company’s fixed footprint.  

AT&T also aims to be able to provide wireless high-speed Internet and phone services to 99% of its 

fixed footprint by the end of 2014. This means there is a prospect of the company leaving around 

19 million homes, or around 25% of its coverage area, which it plans to convert from landline to 

wireless service as part of its plans to transition from legacy TDM technologies. 

                                                      
18

  Deutsche Telekom-organized webinar “All IP Europe,” in October 2013. 

19
  U-Verse is AT&T’s brand of triple-play communications services and includes broadband Internet, IP telephony and 

IPTV services; it is provided using FTTC/VDSL. 

20
  Including 16.3 million M2M connections. 
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Even in the retained wireline coverage area, AT&T will need to do significant work to switch off its 

PSTN network: in 4Q 2013 it had 10.7 million U-verse broadband subscribers, but only 3.8 million of 

these were U-verse VoBB connections and it still has 12.4 million PSTN/ISDN connections.  

3.7.3 Belgacom, Belgium  

Belgacom is the fixed-line former incumbent in Belgium and has become a fully integrated operator 

since acquiring full control of mobile subsidiary Proximus in 2010. It continues to have a strong 

position in both the fixed and mobile markets, and has recently focused on fixed–mobile converged 

propositions. The company offers broadband services through its extensive ADSL/VDSL network and 

has carried out a number of trials for FTTH, although it has not commercially launched fibre services 

yet. At the end of December 2013, the company reported 1.7 million broadband (DSL) subscribers, 

2.9 million fixed lines, 1.5 million IPTV subscribers and 5.5 million mobile subscribers. 

Belgacom’s move to an NGN (the “Mantra programme”) is expected to be carried out in two phases: 

 1
st
 phase: rolling-out of an IP-based access infrastructure using FTTC and VDSL2, deployment of 

an IP-based aggregation and core network, deployment of the IMS platform, porting of the 

complete Belgacom service portfolio (i.e. retail and wholesale) to the new IP infrastructure. 

 2
nd

 phase: phasing out of access and core legacy network technologies in view of optimising 

network infrastructure and dealing with the fact that the technology will become obsolete and 

without vendor support.  

The incumbent noted that it intended to phase out its entire PSTN and ISDN network between 2014 

and 2018, although this does represent a more cautious approach than that originally planned in 

October 2009, when Belgacom had stated that it would phase out the networks by the end of 2015. 

Belgacom will use PSTN-emulation technology via access gateways installed in remote optical 

platforms (usually co-located at the cabinet site) rolled out as part of its FTTC deployment. In terms 

of our discussion above, this is an MSAN-based approach. Such an approach has the advantage of 

meaning the customer is not required to take any action during the migration, thereby reducing the 

risk of churn. However, for its ISDN customers, Belgacom currently intends to install an integrated 

access device (IAD) (in this context, the ISDN equivalent of an ATA) between the modem and 

handset at the customer’s location (i.e. this option is VoBB in our terms), although the operator stated 

that other solutions for ISDN migration were also under investigation.  

Belgacom’s move towards an all-IP infrastructure is expected to have a positive impact on the 

company’s costs of existing infrastructure: 

 Belgacom plans to phase out its Siemens EWSD switches, equivalent to 40% of the installed base, 

by the end of 2015. Following this, the Alcatel-Lucent S12 PSTN switches that account for the 

remaining 60% will be phased out by the end of 2018. 
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 The move to an all-IP network with MSANs at street cabinet locations is allowing Belgacom to 

rationalise its stock of buildings. In May 2013, the operator was aiming to free up 30 buildings by 

the end of 2020, with 16 buildings being put up for sale in 2013.  

 Exchange consolidation is possible in the Belgian market but in order to protect local-loop 

unbundlers that have deployed equipment in exchanges, Belgian regulator BIPT has imposed a 

five-year notification period for closures. 

3.7.4 Bezeq, Israel 

Bezeq (Israeli Telecommunication Corporation) is Israel’s former incumbent telecoms operator. 

Bezeq has also deployed an extensive FTTC network, covering around 99% of the Israeli population 

in 3Q 2013. Bezeq has deployed MSANs at the cabinet level as it seeks to consolidate its sites.  

Bezeq’s mobile arm, Pelephone, is now the country’s third-largest operator in terms of subscriber 

numbers. Bezeq’s subsidiary, DBS Satellite Services, which offers broadcasting services under the 

“Yes” banner, revealed in December 2013 plans to launch an IPTV service. In December 2013, Bezeq 

had 1.3 million broadband Internet lines (+8% year on year), 2.2 million fixed lines and 0.6 million 

“Yes” subscribers. 

Consolidation has led to capital gains from the sale of real estate and copper which during the 

transition comprise a significant source of Bezeq’s total fixed-line revenue (see Figure 3.12). 

Figure 3.12: Bezeq’s revenue from real-estate and copper sales as a proportion of total fixed-line revenue, 2012–

13 [Source: Bezeq, 2014] 
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3.7.5 British Telecom, United Kingdom  

British Telecom (BT) is the UK’s fixed former incumbent operator and provides a wide range of 

communications products to business and residential customers, including voice, data, Internet and 

multimedia services. In December 2013, BT had 14.4 million fixed lines, 956 000 IPTV subscribers 

and 7.1 million retail broadband subscribers. Unlike Deutsche Telekom, Belgacom, and Bezeq, it does 

not have a domestic mobile arm. 

21
st
 Century Network (21CN) was the name given to BT’s ambitious plan to migrate its entire 

network to a single IP platform, aiming to deliver a suite of services including high-speed Internet 

access, TV and NGN voice. However, after having developed its NGN voice solution (the voice part 

of the 21CN programme) – based on MSANs – and deployed this 21CN voice platform in Cardiff, it 

finally did not proceed with a national roll-out of 21CN for voice, which may well be rational from 

BT’s perspective (seeking to minimise the NPV of its future costs).  

While BT has recently announced that the switch-off of its 20CN (legacy broadband network) 

infrastructure will be completed by September 2014, there were no recent announcements related to 

the switch-off of the PSTN architecture. When the operator put the PSTN migration on hold back in 

2010, it stated that the plans to conduct a mass migration were unlikely to be revisited and that the 

migration to next-generation voice would likely be customer-driven in the future.
21

  

In July 2014, BT launched “One Phone”, a next generation fixed-mobile converged offering for SMEs 

in Southeast England, which has elements of managed VoBB. The service will be provided via 

picocells in the customer premises and BT will supply a dedicated backhaul channel for voice. The 

backhaul channels can be anything from ADSL Annex M through to Ethernet VLANs. Customers 

also get automated access to BT's 5.4 million Wi-Fi hotspots (most of which are homespots).
22

 While 

the solution is currently targeting only small and medium-sized enterprises (SMEs) with between 20 

and 250 employees, it can also be interpreted as a first stage in BT’s transformation towards next 

generation fixed and mobile voice service, and shows the flexibility of VoBB in supporting 

incremental initiatives. 

3.8 Summary of modelling results  

As we show in more detail in Annex C, in the context of an operator of the scale of BT, the MSAN 

voice migration option yields the most favourable results when the NPV of its future capex and opex 

is compared against the baseline option (i.e. sustain). The potential cost savings range from 

                                                      
21

 BT Redcare - A Simple Guide to Next Generations Networks; Available at: 

http://www.redcare.bt.com/pdf/ngn/redcare_ngn_update_may_2010_final.pdf  

22
Analysys Mason article “BT moves back into mobile with One Phone service for SMEs,” Rupert Wood, July 2014. Available 

at: http://www.analysysmason.com/Research/Content/Comments/BT-OnePhone-SMEs-Jul2014-RDTW0-RDTN0-
RDMZ0/#18%20July%202014  

http://www.redcare.bt.com/pdf/ngn/redcare_ngn_update_may_2010_final.pdf
http://www.analysysmason.com/Research/Content/Comments/BT-OnePhone-SMEs-Jul2014-RDTW0-RDTN0-RDMZ0/#18%20July%202014
http://www.analysysmason.com/Research/Content/Comments/BT-OnePhone-SMEs-Jul2014-RDTW0-RDTN0-RDMZ0/#18%20July%202014
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GBP484 million to GBP1008 million for different migration profiles under the MSAN option, with 

sooner and faster implemented option yielding better NPV.
23

  

While our modelling results indicate that from a cost perspective it may be rational for BT to adopt 

the MSAN option, BT currently favours the sustain option. This preference may be due to a 

reluctance to invest in MSAN line cards that may rapidly be stranded by falling voice subscriptions 

(including falling demand for wholesale voice lines) or due to uncertainty regarding future FTTC 

and/or FTTH penetration levels. 

While not as economically favourable as the MSAN option, the VoBB option is still more attractive 

when compared against the sustain option in most scenarios in the optimistic market context 

(assuming that at least 50% of the customers served from the exchange already have a router with 

ATA port and that self-install CPE for FTTC and FTTH customers will become available by the end 

of 2018). 

Figure 3.13: NPV of VoBB migration option compared against the baseline option [Source: Analysys Mason, 2014] 

 Unit Aggressive Moderate Slow 

1: Optimistic  GBP million    

1-hour battery back-up  342 49 84 

4-hour battery back-up  144 -110 -23 

2: Pessimistic  GBP million    

1-hour battery back-up  288 -117 -95 

4-hour battery back-up  90 -276 -203 

 

Our migration model suggests that the attractiveness of the VoBB migration option depends on the 

pace of migration and the extent of changes that the operator would have to implement at customer 

premises. However, the differences between the NPVs associated with the above presented scenarios 

are minor when compared against the multibillion GBP overall costs associated with the VoBB 

migration option. In this context, the relatively low variance among relative future costs of various 

VoBB migration scenarios presented in Figure 3.13 is unlikely to be the main driver of the operator’s 

migration related decisions. Instead, quality of service, reliability and security may have more weight 

as different migration options and scenarios are assessed.  

3.9 Conclusions for fixed networks 

The switching technology within existing PSTN voice networks is reaching the end of its life and 

operators around the world are considering migrating to next-generation voice. Potential cost savings, 

lack of vendor support for the legacy network and lack of in-house workforce qualified to maintain 

the PSTN network are some of the reasons in favour of migration.  

                                                      
23

As stated in Annex C of this report, our fixed voice migration model does not account for costs associated with the need to 

replace the existing street cabinets with larger ones in those cases when the current cabinets are too small to 
accommodate the MSAN as well as the existing DSLAM. It is possible that MSAN option would be less attractive if these 
costs were accounted for.  
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The timing of this migration is however rather less clear. While some operators are calling for an 

early PSTN switch-off, others are planning to extend the end-of-life deadline of the PSTN 

infrastructure well into the second half of the next decade.  

Most operators have opted for one of the following three options in the context of fixed-voice 

migration:  

 The sustain option is based on maintaining PSTN at least until the end of the decade with, in the 

meanwhile, an NGN overlay for those customers that are demanding it. 

 The managed VoBB option assumes that all customers must have a broadband connection. With 

this option an operator digitises the phone signal and converts it into IP at the end user’s premises, 

often using an “analogue terminal adapter” which may be built into a broadband router or be a 

separate device to convert the signals from a standard telephone. 

 The MSAN-based option refers to those scenarios in which service providers replace the existing 

PSTN equipment and explicitly move the subscribers to an NGN voice platform. 

The selected option has various implications for an operator, in terms of network architecture, CPE 

and QoE. Depending which of the three options an operator chooses, and in which market context, it 

will incur different costs associated with the migration. Some of the key cost drivers are associated 

with the need to buy new CPE for existing voice-only subscribers (such as in the VoBB option), the 

need to invest into MSANs containing voice gateways which are inserted at the local exchange or 

cabinets (MSAN), or the need to invest into additional equipment to comply with existing regulatory 

guidance (e.g. the case of battery back-up in the VoBB option).  

Whilst there are few examples of finalised VoBB-based migration, as we have noted, the faster the 

migration can be implemented, the less costly it will be. Arguably, the migration can be implemented 

faster in smaller markets; VoBB may also be improved where there is regulatory support. As noted 

above, both of these factors were true to some extent for Deutsche Telekom in Macedonia. The 

MSAN option is particularly attractive for operators in higher-income markets where there is a 

remaining voice-only customer base (which may be relevant to, for example, the case of Belgacom). 

Finally, the sustain option makes sense where the network equipment can be supported and perhaps in 

environments where the profitability of PSTN voice services is still relatively high (which may be the 

case in the UK); it also offers the opportunity to adopt VoBB incrementally via initiatives such as 

OnePhone. It is worth noting that operators with operations in different countries sometimes pursue 

different options across their footprint, with market context being one of the key drivers of the 

selection of a particular migration option.  

In the UK context and the context of an operator of the scale of BT, the MSAN-based option yields 

the most favourable results when the NPV of its future capex and opex is compared against the 

baseline option (i.e. sustain). The potential savings range from GBP483 million to GBP1008 million 

for different migration profiles under the MSAN option. It is thus not surprising that this was the 

option selected by TalkTalk and Sky (albeit they had less existing infrastructure constraining their 

choices).  
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However, while our modelling results may imply that a rational operator would take the decision to 

migrate to an MSAN-based solution, to make such a large investment is to take a risk that the future 

will evolve as the business plan expects. By comparison, a “sustain” strategy is capable of a slow and 

customer-led migration to VoBB with a much less intensive profile of capital costs and is much more 

resilient than the MSAN strategy to possible different futures including a significantly lower demand 

for fixed voice service, higher adoption of FTTH or the use of the so-called “naked” broadband 

services.   

We believe that the uncertainty over future demand for voice services may have been one of the 

possible reasons for BT not having completed this MSAN migration. In a scenario in which the 

number of voice-only lines from the exchange falls dramatically, the best VoBB migration option 

result is better than the result for MSAN under both slow and moderate migration profiles. This may 

indicate that BT is waiting for greater certainty regarding future voice and voice-only demand levels 

before committing itself. This is not just at the retail level: at the point at which it was planning 21CN, 

BT still sold a significant volume of WLR; there is much less WLR volume today as Sky and 

TalkTalk have transitioned to using their own infrastructure in areas where they use LLU. 

The VoBB migration option is inferior to the MSAN option and to the sustain option in many of the 

variants we have tested. An early transition to VoBB is a costly option in the UK context since, all 

customers would have to have a broadband connection and (given the ATA capabilities of the existing 

home gateways) most BT broadband customers would have to be provided with new CPE. However, 

examples from the US, where operators will likely pursue a combination of mobile only strategy and 

VoBB as they shut down their fixed legacy networks, suggest that other factors may drive operators’ 

decisions related to investment into new technologies. Furthermore the fact that a number of large 

operators worldwide, including BT, have decided to adopt the sustain option, rather than to pursue the 

MSAN option, may indicate that a slow transition to VoBB is their back-up plan if sustaining stops 

being an option. Finally, facing the uncertainty of the future fixed access market outlook and scarce 

resources, some operators are testing new fixed voice technologies (such as OnePhone) on a smaller 

scale; incremental investment into VoBB is certainly easier than the full scale change of technology 

required by the MSAN option.  
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4 Next-generation mobile voice 

In the following subsections we investigate the options for implementation of VoLTE, against the 

backdrop of the current technological climate for LTE, analysing the key challenges and opportunities 

associated with each of the possible migration strategies and discussing the implications of each 

option for the network, consumer equipment and the end-user quality of experience (QoE) The 

subsections are structured as follows:  

 Section 4.1 reviews the current state of play for next-generation mobile-voice services 

 Section 4.2 describes the ongoing standardisation efforts related to next-generation mobile voice 

 Section 4.3 defines the roadmaps associated with NGN mobile voice services, describing strategic 

decisions and options for implementation 

 We have designed an economic model to analyse the impact on the business case of different 

timescales and other parameters of five implementation options for the migration of mobile voice 

services to next-generation voice services. Sections 4.4 to 4.8analyse these options. The methods 

and results of our modelling are detailed in Annex D 

 Section 4.9 presents four case studies of selected service providers’ mobile-voice migration 

strategies 

 Section 4.9.4 gives a summary of the results of our modelling 

 Section 4.11 provides our overall conclusions for next-generation fixed-voice migration. 

4.1 The current state of play for next-generation mobile-voice services  

Options for LTE operators to provide voice services 

LTE is just starting to be deployed on a wide scale, with some mobile operators now deploying the 

required network upgrades and offering a number of LTE-enabled smartphones to their customers. 

Operators have a number of options available to them in making the best use of the LTE networks for 

voice services. 

Most operators with LTE infrastructure currently use it for data transmission and rely on the 2G and 

3G legacy circuit-switched (CS) networks for voice. There are a number of ways to do this
24

: 

 Circuit-switched fallback (CSFB). This uses the LTE infrastructure for data, but “falls back” to 

the legacy UMTS and GSM networks to make or receive voice calls. This solution is currently the 

most frequently deployed for integrated voice services with the roll-out of new LTE networks. 

Neither CSFB nor SVLTE uses LTE to transport voice.  

                                                      
24

      In addition to the listed options, there is also an option called Simultaneous voice and LTE (SVLTE). Certain handsets on 

CDMA networks have a dual radio system and can transmit data over LTE and voice over CDMA simultaneously. 
However, as SVLTE is not available on GSM networks – and therefore not applicable to the UK market – this report 
does not cover this technology. 
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 VoLTE requires the deployment of IP Multimedia Subsystem (IMS) core elements which control 

how calls are initiated and directed in the network. However, the attractiveness of this method is 

inherently restricted at the moment by poor LTE coverage levels and paucity of handsets 

supporting VoLTE in the vast majority of global markets. However, select LTE handsets can be 

VoLTE-enabled via a software update.    

 Single radio voice call continuity (SRVCC) is a technology that can bridge this coverage gap. 

SRVCC allows a VoLTE call to transition to the legacy networks when LTE coverage is 

insufficient.  

 Alternatively, operators may implement application-based voice services using the packet-

switched LTE network as their data transport mechanism. One way of doing this would be to 

implement operator-managed voice services using the operator’s application on the subscriber’s 

handset to act as an SIP client, communicating with a centralised (operator-managed) softswitch 

which controls call set-up. Or, operators could rely on a third-party OTT application such as 

Skype, which uses the operator’s network as a “dumb pipe”, serving only to transport voice over 

IP (VoIP) packets from the application on the subscriber’s phone to the Internet (from where it 

can be connected to the destination). 

Figure 4.1 gives an overview of the different ways these solutions transmit data and voice traffic.  

 

Figure 4.1: Examples of 

data and voice traffic 

with CSFB and SRVCC 

solutions [Source: 

Analysys Mason, 2014] 

Rationale for mobile operators to invest in NGN voice 

There are a number of potential reasons to consider investing in NGN mobile voice:  
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 Increased spectral efficiency – Operators can free up 2G and 3G carriers by moving voice traffic 

to NGN VoLTE networks. This matters because using UMTS for voice (using an “R99” carrier) 

is relatively inefficient compared to HSPA, and hence operators using 3G voice are making less 

efficient use of one 5MHz carrier. VoLTE would therefore allow operators to start re-using 

valuable spectrum in a more efficient way (if using SRVCC, this would only be in areas with 

sufficient LTE coverage such that legacy networks were no longer needed for fallback support).  

 Increased network efficiency leading to cost reduction – Turning off the 2G and/or 3G networks 

and refarming the spectrum would allow operators to streamline their network operations and 

reduce costs. 

 Improved set of core service features – Operators could improve the core voice feature set, 

augmenting the user experience through faster call set-up, by offering better sound quality for the 

voice call (“HD voice”), and may also integrate voice services more deeply with other 

communications services. However, a clear vision of end-user requirements for and willingness to 

pay for these services is yet to be articulated, and discussions of the potential benefits of NGN 

voice on mobile are usually focused almost entirely on cost reduction.  

International comparisons 

The technology ecosystem for VoLTE (with or without SRVCC) is still relatively small. Only a few 

countries – most prominently South Korea – have so far invested in the solution. The conditions 

which will encourage deployment of VoLTE include: 

 availability of compatible handsets 

 a high level of LTE coverage  

 consumer demand for the enhanced capabilities of voice services over LTE, i.e. not just the data 

capabilities  

 strong competition between operators. 

Major US and Japanese operators have expanded LTE coverage to approach that of their legacy 

networks and so have plans to launch VoLTE services in 2014. We believe that other operators whose 

LTE coverage is not so high, but have coverage over larger urban areas – such as Telstra in Australia 

– may also start to launch VoLTE in 2014, with HD voice possibly used as a competitive 

differentiator. Everything Everywhere (EE), the largest UK mobile operator, has plans to launch 

VoLTE service commercially in 2015; the service will be piloted in late 2014.   

South Korea is the world leader in VoLTE penetration and this progress has been strongly enabled by 

the very high coverage of LTE networks in that country. By June 2013, SK Telecom had more than 

4.5 million VoLTE users and it still leads the world market in terms of VoLTE subscribers.  

Figure 4.2 presents some of the key activities worldwide related to VoLTE in recent years, as well as 

those we expect to happen this year.  
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Figure 4.2: Activities relating to VoLTE by selected operators, 2011–14 [Source: Analysys Mason, 2014]   

Date  Event 

February 2011 Verizon Wireless (USA) completed first VoLTE call 

August 2012 SK Telecom (South Korea) deployed first HD VoLTE service and LG U+ launched 

VoLTE service 

August 2012 MetroPCS (USA) launched limited VoLTE service 

October 2012 KT (South Korea) launched VoLTE 

April 2013 EE (UK) announced network upgrades to provide support for new services 

including VoLTE 

1Q 2014 Telefónica Germany (O2) will demonstrate VoLTE 

2Q 2014 AT&T and T-Mobile launched VoLTE service commercially in the USA  

4Q 2014 China Mobile will launch VoLTE 

4.2 Ongoing standardisation efforts  

3GPP (3
rd

 Generation Partnership Project) produces technical specifications for 3G and 4G networks 

helping to standardise functionality and quality. 3GPP standards focus on facilitating international 

interoperability, and backward and forward compatibility – key considerations when deploying a new 

NGN core and interworking with existing 2G/3G networks. 3GPP produces regular “releases” for 

standards: for example, Release 5 introduced IMS while Release 8 introduced LTE.  

IMS is built for all-IP transport of packet-switched traffic and is designed to facilitate the transit of 

voice and data across fixed and wireless platforms. Its signalling technology is based on Session 

Initiation Protocol (SIP) which means that IMS can carry voice, text and data over all connected 

networks in the packet-switched domain. 

IMS has the ability to maintain the control of packet-switched sessions in the IP network whether 

using a 2G/3G or LTE network for radio access. In addition, IMS elements can distinguish between 

different streams of packet-switched traffic, allowing the separation of packet-switched voice and data 

traffic. These two key functions are vital in allowing a managed transition from the legacy use of 

circuit-switched core to a so-called “Evolved Packet Core” (EPC) infrastructure, the 3GPP core 

architecture for LTE networks, which is a packet-only system. 

Since the 3GPP’s Release 8 introduced LTE and the EPC, there have been several releases adding to 

and improving upon its functionality (see Annex B for more information).  

4.3 Roadmaps for voice services on mobile networks 

Given the large number of qualitatively different approaches available, several implementation 

approaches exist, with operators aiming to strike the correct balance between the quality of service 

offered, the level of investment needed, and the ability to meet consumer demand. We have modelled 

five of the main options currently available to operators: 
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 Option 0: Voice through CSFB – This consists of using CSFB to provide voice services for the 

entire duration of the business plan, i.e. no capabilities for voice over LTE.   

 Option 1: Gradual deployment of VoLTE with CSFB for voice – This option, consists of using 

CSFB and VoLTE with SRVCC, with a gradual migration of LTE customers to VoLTE, and 

maintenance of the legacy networks for CSFB and SRVCC support. 

 Option 2: Native VoLTE – This option considers a more aggressive VoLTE strategy. There is no 

SRVCC support, but some CSFB as an interim solution while all non-VoLTE subscribers are 

migrated to VoLTE handsets with a forced migration of existing 2G subscribers, 2G network 

switch off and spectrum refarming. 

 Option 3: Managed voice services via an application – Voice services are provided via an 

application on the subscriber’s LTE terminal, with the operator retaining control of the routing of 

voice calls.  

 Option 4: OTT voice services – Voice services are provided through a third-party OTT provider, 

using an application on the subscriber’s terminal. In this case, the mobile operator does not 

control the routing of voice calls. 

There are other options we have not modelled, because we consider that they are not likely to be used 

in the UK.
25

  

As mentioned above, the modelling approach to these scenarios and their results are contained in 

Sections 4.4 to 4.8. Parameters around handset costs (e.g. price, premium for specific features, 

contract length) are key to the net present cost of each option and its attractiveness in comparison to 

the baseline, Option 0 case. A separate section, Annex D, discusses these parameters and how they 

affect each option.  

4.4 Mobile Option 0: sustain 2G/3G and use CSFB  

When an LTE user wants to make or receive a voice call, with CSFB the user’s mobile is redirected 

onto the 2G or 3G access network and “falls back” to the 2G/3G core circuit-switched network. At the 

end of the call, the user’s mobile reconnects with the packet-switched LTE access network for data 

traffic. Circuit-switched “fall back” is illustrated in Figure 4.3 

                                                      
25

 For example, SVLTE is not available in the UK (as handset support for this is limited to CDMA). 
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Figure 4.3: Illustration 

of CSFB [Source: 

Analysys Mason, 2014] 

4.4.1  Network implications 

To use CSFB, those UMTS/GSM mobile switching centres (MSCs) that overlap with LTE coverage 

must be upgraded with a new interface to enable the two networks to interact and create the fallback 

functionality. MSCs perform the voice switching functions of the existing mobile system, allowing 

mobile circuit-switched voice traffic to be connected to other mobile and fixed networks.  

On the LTE side, upgrades to the Mobility Management Entity (MME) are required. The MME is a 

packet-switched element which performs similar duties to the MSC for the legacy circuit-switched 

networks: it controls signalling related to mobility and radio access. Specifically, supporting CSFB 

requires updates to enable the MME to register and locate user equipment simultaneously across the 

circuit-switched and EPC access elements, so that the legacy and LTE networks can cooperate in the 

switching of voice calls. 

If operator MSCs cannot be upgraded
26

 the operator either needs to install new MSCs, or install proxy 

MSCs which do not typically carry any traffic, but are in place specifically to enable the fallback 

functionality of CSFB. 

4.4.2 Consumer equipment implications 

CSFB functionality is a mandatory part of LTE compatibility. As a result, in a CSFB scenario, LTE 

mobile devices do not need any special features to enable voice calls other than to also support 3G 

and/or 2G. This has led to a relatively large portfolio of devices offered from different manufacturers 

in markets around the world. An extensive list of LTE enabled devices can be found in Annex E.  

4.4.3 QoE impact 

There is no difference in terms of quality between a standard 2G/3G voice call and a CFSB call as, 

after the fallback, the CSFB call is a standard 2G/3G call. Call set-up time, however, can be 

considerably longer when using CSFB. With 2G/3G call set-up taking around 4 seconds as standard, 

LTE users may face additional set-up time of 2.5 seconds for fallback to UMTS networks and 2.7 
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  For example, if the hardware is no longer being supported by the manufacturer. 
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seconds to GSM,
27

 which represents a substantial delay. Equipment vendors are working on solutions 

to improve this call set-up time, making faster call set-up possible with equipment supporting more 

advanced releases of the 3GPP standards. 

4.4.4 Key challenges and opportunities associated with this option 

Figure 4.4 below summarises the key challenges and opportunities related to this option. 

Figure 4.4: Key challenges and opportunities associated with the baseline case, Option 0 [Source: Analysys Mason, 

2014] 

Option 0  

Opportunities  Continued use of existing 2G/3G infrastructure 

 LTE is additional (i.e. not the primary network); additional 

coverage does not need to be deployed to enable voice 

services and coverage can be deployed according to 

commercial viability 

 Roaming capabilities create the opportunity for an LTE-based 

MVNO market, subject to commercial agreements 

Challenges  There are no consolidation benefits as all networks are active 

concurrently 

 Necessitates simultaneous operation and future maintenance 

of three networks 

CSFB allows operators to continue to use their existing 2G/3G access and core CS networks, 

deferring significant costly core network upgrades. Furthermore, the LTE network is not being relied 

upon as the primary transport for voice services. Operators can therefore roll out coverage in line with 

the commercial strategy and licence requirements for data services, without requiring additional 

investments in the short-to-medium term to expand LTE to cover the entire legacy footprint. 

It is also worth noting that roaming onto another network can be achieved with CSFB so a new LTE 

entrant with no existing 2G/3G network could use CSFB if it is able to strike a suitable commercial 

deal with a 2G/3G provider. For example, this could be an option for BT in the UK as, although it 

does not have a 2G/3G mobile infrastructure, it does have LTE spectrum. 

Over the longer term, however, this scenario does not enable simplification of the network and the 

cost savings that the consolidation of infrastructure and spectrum can bring: with voice revenues 

falling, mobile operators are investigating how to reduce their costs and supporting three different 

access networks at once is an expensive proposition.   

4.5 Mobile Option 1: Gradual migration from CSFB to VoLTE using SRVCC 

This option models the coexistence of VoLTE and legacy services in the medium term. In this option, 

the operator initially deploys CSFB and VoLTE capabilities. This migration involves the gradual 

upgrade of CSFB users to VoLTE-ready handsets, some of which also support SRVCC. In this 
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  Circuit-switched fallback: The first phase of voice evolution for mobile LTE devices, Qualcomm, 2012.  
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scenario, the 2G/3G networks are maintained alongside the LTE infrastructure in order to provide 

CSFB and SRVCC support. 

4.5.1 Network implications 

As the operator will deploy CSFB to provide voice services to its LTE subscribers, the network 

implications for this phase are similar to those described for Option 0. However, when introducing 

VoLTE and SRVCC, investment in an IMS core will be required. 

SRVCC is a complex solution and a more advanced step than CSFB, requiring an IMS core as well as 

upgrades of the evolved universal terrestrial radio access network (E-UTRAN, the RAN infrastructure 

for LTE networks).  

The SRVCC handover from LTE to the 2G/3G circuit-switched domain is initiated by measurement 

reports sent by the SRVCC-enabled handset to the E-UTRAN. When the handset shows LTE 

coverage is insufficient, the E-UTRAN makes a handover request to the MME for session transfer. 

 

Figure 4.5: Simple 

traffic schematic for 

SRVCC [Source: 

Analysys Mason, 2014] 

 

To enable the MMEs to complete this task, they must be upgraded to be able to sort voice from non-

voice in the packet-switched traffic, as both can be transmitted simultaneously from the user’s device. 

This is done by upgrading the relevant MMEs and installing a new interface. 

There are potential security concerns inherent in the deployment of NGN; in this case, particularly 

with the encryption and authentication employed by the LTE network. 3GPP has recommended the 

use of IPSec, which protects the backhaul by encrypting signals at the e-NodeB (LTE network 

equivalent of a BTS) for decryption and authentication in the core network, much like in the 3G 

architecture. However, this recommendation is not a mandatory element of the standard and so not all 

operators have made the investment. We understand that NTT Docomo in Japan, Deutsche Telekom 

in Germany and EE in the UK have all employed IPSec, but not so any of the American or South 

Korean operators. It is too early to say as yet whether this is a cost saving or an error. As the public 

becomes increasingly conscious of the issues of privacy and data protection in modern 

communications, it is possible that this issue might become more significant in the retail market. 
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4.5.2 Consumer equipment implications 

The implications for CSFB subscribers’ equipment are as described for the Option 0 in Section 4.4.2. 

For take-up of a native VoLTE solution with SRVCC to be successful, a portfolio of devices will be 

necessary to help spur and satisfy consumer demand. Like CSFB, SRVCC allows manufacturers to 

adapt mobile devices to use both LTE and 2G/3G networks; however, SRVCC places extra demands 

on handsets as it requires them to be able to execute the session transfer for voice traffic from packet-

switched to circuit-switched. As yet, we understand that the range of handsets able to do this is limited 

to one – a variant of the Samsung Galaxy S4 LTE, available only in South Korea since 

September 2013. 

Two handset parameters are key to the net cost of this option: the price premium of a VoLTE handset, 

and the contract length (affecting how often the handset needs to be replaced). Changing these 

parameters can considerably vary the financial impact of this option. We have detailed these results in 

Annex D. While the findings of our modelling indicate that the current premium on VoLTE handsets 

is adversely affecting the attractiveness of Option 1 (and Option 2), this may change in the future. The 

smartphone market is a fast-changing one and that the current premium on VoLTE enabled handsets 

(which we assumed currently stands at 15%) may disappear over time with the proliferation of 

VoLTE services worldwide.  

4.5.3 QoE impact 

The implications for CSFB customers in terms of quality are similar to those described for Option 0 in 

Section 4.4.3. 

SRVCC call set-up times are faster than for CSFB, but while CSFB calls are switched to the legacy 

network prior to call initiation, SRVCC routing is a complex process and requires the ability to 

transfer calls already in progress. While there is a service interruption caused by this VoLTE-to-

2G/3G handover, 3GPP performance targets state it should be less than 0.3 second in length for voice 

traffic and less than 0.5 second for data – timescales that minimise the effect on the subscriber. The 

key quality issue for SRVCC is whether this kind of “glitch” in the conversation is acceptable to end 

users, but in practice, this time period should be largely unnoticeable and may be reduced by future 

technological developments. 

Attempts to improve the consumer experience of SRVCC have been underway since the first launch 

of LTE in Q4 2008. 3GPP Release 10 (eSRVCC released Q1 2011) has been updated at a network-

level, such that handover when roaming no longer routes signals back via the home network, 

shortening routing paths and handover time. eSRVCC also allows voice call handover back to LTE 

from the circuit-switched network should the user return to LTE coverage, whereas previously 

handover could only be achieved in one direction and once per call; from LTE to the circuit-switched 

domain (where the call would stay for the duration). 
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For this option, we have modelled for 10% of users to have SRVCC-enabled handsets, which is a 

separate handset requirement (i.e. VoLTE handsets are not necessarily SRVCC-ready). If the operator 

has near-total LTE coverage, installation of SRVCC capabilities in the network is mainly a question 

of QoE. The debate is over whether the operator would want to make the necessary investments in the 

network infrastructure in order to ensure call continuity (especially if handset support is not 

widespread), or whether it would be satisfied not doing so and taking the risk that some calls may be 

dropped around the edges of coverage areas. 

4.5.4 Key challenges and opportunities associated with this option 

Figure 4.6 below summarises the key challenges and opportunities related to this option. 

Figure 4.6: Key challenges and opportunities associated with Option 1 [Source: Analysys Mason, 2014] 

Option 1  

Opportunities  Continued use of existing 2G/3G infrastructure 

 LTE is additional (i.e. not the primary network); very high 

coverage is not essential and the network can be deployed 

according to commercial interests 

 Roaming capabilities create the opportunity for an LTE 

MVNO market 

Challenges  There are no consolidation benefits as all networks are 

active concurrently 

 Necessitates simultaneous operation and future 

maintenance of three networks  

This option allows operators taking this path early to differentiate their voice services, using CSFB to 

add to the resilience of the operator’s overall coverage footprint. The lack of SRVCC handsets 

available has not yet been a major issue because the technology is only in limited use in world 

markets, but any operator considering a mass commercial deployment of SRVCC would have to 

consider whether the limited handset portfolio whether this would justify the investment required at 

the network level (i.e. is it worth supporting if few handsets offer it?).  

The need to offer the same QoE in VoLTE as subscribers expect on legacy networks could provide a 

challenge in terms of call handover and set-up times. These issues do not currently appear to be 

significant enough to present an obstacle to the potential of SRVCC and are likely to be solved by 

optimised processes over time. As noted above, it is possible, though perhaps unlikely, that security 

concerns will also start to be perceived as a “quality of experience” issue. 

4.6 Mobile Option 2: Deploy native VoLTE  

This option models network rationalisation with VoLTE as only voice platform beyond a certain date. 

The aim is to make the LTE network the primary means of voice transport and switch off the 2G 

network, moving all subscribers onto VoLTE. There is no SRVCC support (with a mind to 2G 

network switch off), but CSFB can be used as an interim solution before a forced migration of all 
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subscribers not using VoLTE handsets (covering those on 2G/3G networks, as well as those LTE 

users who have not been upgraded to VoLTE through the contract renewal process). 

4.6.1 Network implications 

The network implications for this option are the same as those outlined for the implementation of 

VoLTE and CSFB as per Option 1 in Section 4.5.1, namely upgrades to MSCs on the circuit switched 

network, but without the SRVCC considerations.  

This option also gives the operator the opportunity to achieve cost savings related to deactivation of 

the 2G network and a spectrum refarm once all of its subscribers have moved onto VoLTE. The 

attractiveness of this option may depend on operators’ current spectrum holdings (See Figure 4.7 for 

UK mobile spectrum holdings in MHz after the 4G auction).  

 

Figure 4.7: UK mobile 

spectrum holdings in 

MHz after the 4G 

auction
28

 [Source: 

Analysys Mason, 2014] 

 

The lower frequency spectrum band (i.e. 800MHz and 900 MHz) is often considered more suitable for 

the provision of rural and deep indoor voice coverage. Therefore some mobile operators may see 

more value in being able to use VoLTE in order to provide in-building coverage in specific bands that 

are currently not supported by 2G/3G technologies (e.g. 800MHz); others are interested in femtocells 

allowing in-building use of 2.6GHz. For them, it may make more sense to pursue a rapid migration to 

VoLTE.  

4.6.2 Consumer equipment implications 

The applicable equipment implication here is simply the need for a VoLTE-ready handset. One of the 

current issues with this Option would be that there are only a few of these currently available, as 

shown in Annex E. 
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 Analysys Mason article: “After the UK 4G auction, which UK mobile operator has the most valuable spectrum portfolio?” 

http://www.analysysmason.com/About-Us/News/Insight/UK-4G-auction-Mar2013/ 
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As with Option 1, the premium of VoLTE handset prices as a parameter makes a profound difference 

in the valuation of this option. We have detailed these variations in Annex D, but it is notable that a 

reduction in the price premium of VoLTE handsets can significantly decrease the costs of this option. 

As discussed in section 4.5.2, the price premium of VoLTE-capable handsets will likely decrease and 

(eventually) disappear, as more large operators worldwide launch VoLTE service in their markets and 

make large orders of VoLTE enabled handsets from smartphone manufacturers.  

4.6.3 QoE impact 

The QoE implications of VoLTE are as those addressed under Option 1 in Section 4.5.3.  

4.6.4 Key challenges and opportunities associated with this option 

Figure 4.8 below summarises the key challenges and opportunities related to this option. 

Figure 4.8: Key challenges and opportunities associated with Option 2 [Source: Analysys Mason, 2014] 

Option 2  

Opportunities  LTE roll-out as per commercial schedule 

 Facilitates move away from 2G/3G network costs 

 VoLTE capabilities as service differentiator for consumers 

 Premium on VoLTE enabled handsets will decrease and 

eventually disappear  

Challenges  Migration of users is a costly exercise 

 Portfolio of VoLTE terminals offers limited consumer choice 

 The subsidisation of available VoLTE terminals is expensive 

VoLTE allows operators to offer an enhanced voice service in comparison to circuit-switched 

networks: the higher bandwidth offered by LTE permits transmission of high-definition audio, giving 

clearer calls of high quality. Although the options in this report are based on a forward-looking cost 

savings, it is possible that operators will attempt to use the HD audio capabilities of VoLTE as a 

marketing differential. 

This option also gives the operator the opportunity to achieve cost savings related to deactivation of 

the 2G network and a spectrum refarm; to do this it relies upon the successful uptake of VoLTE 

among its subscribers, both new and existing. By  striking the right balance between allowing more 

users to move naturally to VoLTE and switching off the 2G to refarm spectrum, the operator can both 

save on the costs of a subsidised migration and (eventually) achieve savings by refarming spectrum. 

As discussed in section 4.6.1 different spectrum holdings of operators may make this option more or 

less attractive.  

4.7 Mobile Option 3: Deploy managed voice service as an application over LTE  

In this scenario, operators deploy a handset-based application which – with the addition of some extra 

functionality in the core network – can be used to provide a managed voice service using prioritisation 
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for the voice traffic within the IP network, offering the consumer a similar level of quality to VoLTE 

(albeit without features such as CSFB).  

LTE is used as a bearer within the coverage of the LTE network; the application can also be designed 

to use the slower UMTS or 2G data bearers outside LTE coverage 

4.7.1 Network implications 

The operator has to deploy a soft switch in its core network to communicate with an application that 

resides on the smartphone handset. The soft switch would typically be less functional than a full IMS, 

making it less costly to the operator than the deployment of a fully-fledged IMS core. The soft switch 

would ensure that calls remain within the operator’s network, meaning that the operator can control 

the routing of the calls, provide the required level of resilience and also – if prioritised correctly on the 

E-UTRAN and in the EPC – manage the QoE associated with voice services, irrespective of the 

amount of data traffic the LTE network carries. 

It should be noted that as there is no SRVCC and no CSFB in this option (relying on 3G and 2G data 

networks) and as a result there may be locations at which the voice application would not function. 

4.7.2 Consumer equipment implications 

The minimum stipulation for handsets to be suitable for use with this option is that they are LTE-

enabled. As shown in Annex E, there is a healthy portfolio of such devices in global markets, offering 

consumers a wide range of choices. Handsets then require only the relevant application to enable OTT 

communications, which can either be embedded within the operator’s user interface as part of the 

production process, or made available for download at a later date.  

Depending on the choices of the operator, these managed voice services applications could be built 

for feature phones as well as smartphones and either developed across a range of operating systems 

(e.g. iOS, Windows Phone, Android, etc.) or tied to the operator’s infrastructure and the handsets it 

chooses to make available. These considerations mean that in building these applications, operators 

would have liberty to be able to be broad or targeted in approaching different segments of the handset 

market. 

4.7.3 QoE impact 

Quality considerations are key to any operator’s deployment of an NGN voice solution. The range of 

quality issues that have traditionally affected OTT VoIP calls caused by such technical factors as 

latency (end-to-end delay), packet loss and jitter (variable latency, which can result in scrambled 

audio if the packets arrive too late to fill in the required continuous stream of audio), can be tempered 

by the level of control of the data carriage available to the network operator in a managed voice 

application (as long as that application can invoke the required prioritisation). 
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However, as end users move to the edge of coverage, they may lose communication (there is no 

explicit call continuity mechanism, though the handset may fall back to 3G data or even EDGE). This 

would have a significant negative impact on the user’s experience of the service, as today users are 

used to seamless handovers and relatively few calls lost. 

4.7.4 Key challenges and opportunities associated with this option  

Figure 4.9 below summarises the key challenges and opportunities related to this option. 

Figure 4.9: Key challenges and opportunities associated with Option 3 [Source: Analysys Mason, 2014] 

Option 2  

Opportunities  No VoLTE terminals required 

 Minimal capital investment required 

 Some opportunity to re-capture lost OTT revenues 

 Increased service delivery quality with LTE 

Challenges  Quality expectations may be harder to meet and guarantee 

 No high-speed provision when using legacy network beyond 

LTE coverage  

The advantage of this solution is that it does not require specific VoLTE-enabled subscriber terminals, 

just the provision of an application on the terminal (e.g. an app on a smartphone). As smartphone 

penetration and demand for mobile data continue to increase, operators face the challenge of 

responding to the popularity of OTT voice services. Using LTE to facilitate OTT voice applications 

can avail the user of the benefits of the increased bandwidth and lower latency that the technology can 

offer. Operators can seek to offer this in partnership with application developers, or they can look to 

create their own OTT applications, perhaps as part of a rich communications service (RCS) suite. 

Using this solution, operators can provide a voice service to their 4G subscriber base relatively 

quickly as the core infrastructure to be deployed is less than that associated with a native VoLTE 

solution. Also, since no specific terminal is required (i.e. no need for VoLTE-enabled devices), there 

is no customer equipment-related barrier for the operator to implement this solution. Operators can 

attempt to brand and launch their own versions of OTT voice and messaging services. T-Mobile’s 

Bobsled application is an example of this. Bobsled is a cross-platform app launched in 2011, with 

over two million users in 2013. The app allows users to send messages and make calls over their data 

connections to other Bobsled users and to any phone in the USA or Canada (to any mobile phone for 

messages). Calls and messaging are free and only data usage – if using mobile data – is charged.  

Libon is a similar service offering by Orange, launched in 2012. It allows users to send free messages 

to other Libon users – but as of 2014 has extended its reach to enable users to send messages to all 

other mobile phones; recipients without a Libon account are sent a link to the web app where they 

may access the message content. Telefónica also launched a similar messaging app called Tu Me in 

June 2012, but it was discontinued in August 2013(in order to refocus resources on a more expansive 

cross-platform application). In addition, the strategy that consists of providing a managed voice via an 
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application is an attempt to mitigate the cannibalisation of voice revenue that is inherent to OTT 

services, which shifts voice revenue away from operators and into the hands of developers. 

A contract between US carrier Verizon and Skype for the Skype Mobile app is an example of an 

attempt by operators to bridge this gap and to work in partnership with OTT application developers. 

The agreement sees the app embedded in the user interface and working in the same way that its users 

are used to, offering free Skype-to-Skype calls, messaging and international calling at Skype rates 

(considerably less than those offered by Verizon). However, the key developments of the arrangement 

are that all voice calls to US domestic numbers are now routed over the Verizon circuit-switched 

network, which allows the carrier to ensure the same quality standards for voice communications that 

are associated with its brand. Also the transmission medium for the app is restricted and it cannot be 

used on Wi-Fi, only on the mobile data connection. Both of these measures give the operator a chance 

to access the revenue streams the app generates while tapping into the popularity of OTT services. 

Three Hutchison also has a similar arrangement in place with Skype in the UK, carrying the calls 

within the mobile network in the 3G circuit-switched domain (i.e. as voice calls rather than as data). 

These Verizon and Three arrangements show that operators could implement an application that 

would use the 2G/3G circuit-switched domain, but we think that it is more likely that the primary use 

of such application would be over the EPC packet-switched network. 

The main issue with this application-based approach is that the technology is not really standardised: 

calls cannot fall back (using SRVCC, for instance) on to another network when the 4G coverage 

disappears. 3G data (or even 2G GPRS) may be able to carry the application traffic, but may not have 

the speed or low latency to provide the required quality, nor the efficiency to make such a solution 

attractive on a large scale. If operator-branded apps are to be successful in this market space, they 

need a way to offer the required functionality without compromising on the quality paying subscribers 

expect. 

4.7.5 Voice over Wi-Fi (Vo Wi-Fi) alternative  

A few operators have recently evolved their managed voice service as an application offering into a 

voice over Wi-Fi alternative.
29

 Within this option the voice calls are routed onto any available Wi-Fi 

network. The service can be enabled either via a free application which an end-user needs to 

download onto their handset, or the Wi-Fi calling option can be integrated into the end-user’s 

handset.
30

  

While Vo Wi-Fi network architecture does not change the economics of migration to VoLTE, 

operators often position the Vo Wi-Fi service as complementary to their VoLTE migration strategy.
31

  

                                                      
29

     For instance, after discontinuing its app based service TU ME, Telefónica launched an application based Vo Wi-Fi offering 

called TU GO in the UK in March 2013 and subsequently in Argentina too.  We estimate that the operator currently has 
one million TU GO subscribers in the UK. Three’s “Three in Touch” service is another example of an application based 
Vo Wi-Fi service in the UK.  

30
      This is the case of T-Mobile’s service in the US. 

31
      The UK operator Three recently stated that it would be “building VoLTE on top of Three in Touch”; the latter is the 

operator’s Vo Wi-Fi service. Three in Touch has been designated as a coverage improving initiative and a tactical 
solution developed awaiting VoLTE (LTE Voice Summit, a conference organised on 7 and 8 October 2014 in London, 
UK) 
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The service can complement operators’ network coverage (particularly in indoor areas) and offer an 

inexpensive voice service which is a particularly attractive alternative to international roaming. Its 

main downside is that it is a “best efforts” service, meaning that the operator does not guarantee the 

quality of experience to end-users. Also, the service cannot support emergency calling while the 

customer is using the service over a Wi-Fi network
32

 and in the case of a handover to cellular 

network, the call typically drops.  

4.8 Mobile Option 4: Deploy OTT voice over LTE 

OTT (over-the-top) voice and messaging applications require no changes to be made to the network or 

handset (aside from the download of the application). They provide the user with services on top of 

those provisioned by their existing tariff at no additional cost (bar any cost for the download of the 

application itself). In this scenario, operators would rely upon third-party developers creating and 

distributing applications, and would not provide the soft switch nor seek to enable prioritisation for 

the voice traffic within the EPC. 

4.8.1 Network implications 

The main benefit of any OTT offering is that there is no additional network investment required in 

order to make the solution work. The very nature of OTT applications means they are designed to 

function over the existing packet-switched networks.  

4.8.2 Consumer equipment implications 

As mentioned above, LTE-enabled devices will require only a dedicated application. The only handset 

implication is that, in a similar way to the managed service voice application, the OTT application 

could be made available for different operating systems (e.g. IOS, Android, Windows phone, etc.) or 

as per the demands of the market segment to be targeted (e.g. adapted for feature phone users). 

However, unlike the situation for Option 3, under this option, these handset considerations are not a 

concern of the network operator.  

4.8.3 QoE impact 

The latency associated with LTE networks is significantly lower than that associated with legacy 

2G/3G packet-switched networks, therefore in principle OTT services over LTE may provide better 

quality services than OTT services over the legacy packet-switched networks, depending on total 

traffic and dimensioning of the network. However, by definition, OTT applications transport VoIP 

over packet-switched networks in an unmanaged manner. This means that the traffic associated with 

voice traffic is not prioritised over other ‘best-efforts’ traffic, which can result in a degradation of the 

quality of the voice call if the network is congested. Jitter and latency are longstanding issues with 

VoIP call quality; using unmanaged and un-prioritised bearers mean that issues will arise if the 

network becomes congested, leading to a significantly lower quality of service than that of current 
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voice calls and service that would likely be less functional for emergency calls too (for example, the 

OTT service provider would not be able to locate the user in the same way that a mobile operator can 

for a conventional emergency 3G call). 

4.8.4 Key challenges and opportunities associated with this option 

Figure 4.10 below summarises the key challenges and opportunities related to this option. 

Figure 4.10: Key challenges and opportunities related to Option 4 [Source: Analysys Mason, 2014] 

Option 4  

Opportunities  Low-cost option with no capex or opex requirements beyond 

the subsidy of handset as standard 

 Increased service delivery quality with LTE 

Challenges  Cannibalisation of voice services revenues 

 No access to new voice revenue streams associated with 

the use of LTE 

It is clear that operators need to take some action to halt the outflow of revenue to OTT services and 

that the popularity of these services is undeniable and growing. In conjunction with a comprehensive 

VoLTE solution, this approach could be used by operators to offer a branded version of OTT to their 

subscribers: users are likely to use OTT services anyway, and a branded service at least allows 

operators to stay competitive in the market space and to offer subscribers premium services as part of 

the product.  

However, the outstanding risk contained within any strategy as part of this option is that it inherently 

means the operator loses control of the voice call revenue stream. Whereas in Option 3 the operator 

has an opportunity to attempt to gain something from the application-driven cannibalisation of 

traditional voice call revenues, under this option, operators are essentially handing control of these 

revenues to third-party developers. 

There are avenues operators can explore under this option to open revenue streams parallel to the 

OTT services. Direct carrier billing is an example of this, whereby digital goods and premium 

services for apps can be bought directly through mobile phone accounts rather than by credit card or 

other payment methods, and charged to users via monthly phone bills or credit accounts. Several 

surveys indicate that direct carrier billing can drive sales up by as much as 400% in some cases
33

 and 

this permits operators to access revenue from OTT services by negotiating a percentage of the 

resulting revenue. Skype developed this capability for its ‘out-call’ credit function in 2013 and has so 

far launched it in Russia, with plans to bring the scheme to Canada and the USA. 

To emphasise; any possible revenues generated by OTT applications are subject to agreements and/or 

partnership with the application developers. By acting as a transportation-only device for voice 

services, operators surrender any active control of any resultant revenues. 
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  Direct carrier billing: giving CSPs a share of the mobile payments market, Analysys Mason, March 2013 
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4.9 Case studies of selected service providers’ migration strategies and timescales for 

commercial deployments 

The three South Korean operators and Azercell in Azerbaijan currently have commercially active 

VoLTE capability. AT&T and T-Mobile have launched VoLTE commercially in a part of the US 

territory in 2Q2014. CSL in Hong Kong has soft-launched VoLTE, awaiting a viable terminal before 

an expected commercial launch in the first half of 2014.
34

 

CSFB is active in several countries, including the UK; and while we have given examples of Verizon 

and T-Mobile offering application-based solutions, these are less common. 

This section contains a selection of case studies from LTE deployments in national markets around 

the world. We have covered the major commercially active deployments and chosen a geographical 

spread of other markets where the roll-out of VoLTE capabilities has either begun or the technology 

has been tested with the intention of a near-future deployment. 

4.9.1 South Korea 

South Korea’s telecoms market is one of the most advanced and dynamic thanks to the country’s 

strong economy and domestic suppliers, a combination which supports (and is supported by) 

significant innovation in telecoms equipment and services development. Both the mobile and fixed 

telecoms sectors are highly advanced. In the mobile sector, all three operators (SK Telecom, Korea 

Telecom and LG U+) have launched LTE, two (SK Telecom and LG U+) have launched VoLTE, and 

SK Telecom has launched LTE-Advanced (LTE-A) in 2013. 

South Korea is the world leader in VoLTE penetration, largely due to very high LTE network 

coverage – all three national carriers have embarked on aggressive (and highly competitive) network 

build-outs, with Korea Telecom (KT) switching off its 2G network to refarm the spectrum for the 

launch of its LTE network. 

SK Telecom originally launched LTE in the 800MHz band in Seoul in July 2011. It expanded the 

service to Seoul’s metropolitan areas and six other cities by the end of 2011. The operator’s original 

target for national LTE coverage was the end of 2013, but it announced that the expansion was 

complete in June 2012. SK Telecom announced that it had more than 4.5 million VoLTE users as of 

June 2013 and it leads the South Korean market in terms of VoLTE subscribers.
35

 

Samsung launched the world’s first VoLTE smartphone in 2012, the Galaxy SIII LTE.
36

 Since then, 

Samsung’s Galaxy Note 2, the Optimus Vu and Optimus LG by LG, and Pantech’s Vega R3 and R6 

have all been made available on the South Korean market. 
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  http://wwwen.zte.com.cn/en/press_center/news/201312/t20131205_414311.html. 

35
  http://www.analysysmason.com/About-Us/News/Insight/LTE-predictions-2014-Dec2013/. 

36
  http://global.samsungtomorrow.com/?p=17194. 
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The operators here used a mixture of strategies to deliver their voice services, similar to the options 

we have modelled for this report. KT and SK Telecom installed CSFB solutions, however, while SK 

Telecom runs its legacy networks concurrently (as in Option 1), as mentioned above, KT took the 

decision to deactivate its 2G network in order to refarm the spectrum for its LTE network.  

On the other hand, LG U+ operates a CDMA network and so implemented an SVLTE solution for 

voice transmission, switching to LTE-only once its VoLTE capabilities were commercially ready, a 

similar premise to that of Option 2 (albeit not an option in the UK as SVLTE is only supported on 

CDMA). 

The situation in South Korea provided conditions that were highly favourable to the rapid deployment 

and take-up of VoLTE: 

 Demand. An exceptionally high take-up of 3G services has originally driven mobile data usage. 

4G proved to be even more popular - as of June 2013, more people were using a 4G network than 

a 3G network. Smartphone take-up has increased dramatically, helped by the introduction of a 

more attractive product line-up from manufacturers such as Apple, LG and Samsung. Operators 

have been incentivised in their LTE investments by this strong, growing demand. 

 Competition. South Korea is notable for its high level of infrastructure-based competition with all 

three integrated operators rolling out fibre and LTE networks. With the highest LTE penetration 

rate in the world, rapid adoption of next-generation services by South Korean consumers places 

significant pressure on operators to continually upgrade services in order to remain competitive. 

 Density. South Korea is one of the most densely populated nations, making it more economical to 

provide very high LTE coverage. 

 Spectrum. All three mobile operators were awarded spectrum in the LTE bands following 

South Korea’s spectrum auction in August 2011. SK Telecom launched the world’s first 

LTE-Advanced network in June 2013, and plans to reach nationwide coverage by July 2014; all 

South Korean operators have now launched LTE-A services.  

 Regulation. In July 2012, South Korea’s telecoms regulator, KCC, authorised operators to block 

or charge for mobile VoIP services provided by OTT players on their mobile networks. The 

decision also came at a crucial time, just one month prior to the launch of VoLTE services by 

SK Telecom and LG U+. VoLTE services were launched in South Korea in 2012  – with SK 

telecom reporting 4.5 million users in mid-2013 – and the regulatory ruling enables them to block 

free VoIP calls from OTT players. 

South Korea has benefitted from the alignment of several favourable conditions which has given 

VoLTE a solid platform from which to take off. The actual use of the network’s VoLTE capabilities 

remains in its infancy while the portfolio of compatible devices is yet quite limited, but clear steps 

have been taken to open the door for VoLTE as the primary transmission standard for the future. 

While not every country will be able to replicate these conditions, they provide an illustration of the 

different considerations for operators attempting to migrate to LTE as a primary solution sooner. 
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4.9.2 United States 

AT&T (GSM) and Verizon Wireless (CDMA) account for 65% of US active SIMs as of mid-2012, 

with a further 26% held by Sprint and T-Mobile. AT&T and T-Mobile operate legacy GSM networks, 

and Verizon and Sprint operate legacy CDMA networks. The remainder of the market is held by 

several small players (including Leap Wireless, which was acquired by AT&T in March 2014).  

T-Mobile has been strengthened by additional spectrum holdings acquired through its failed merger 

with AT&T in December 2011 and acquired MetroPCS in 2013. MetroPCS had launched VoLTE 

capabilities commercially in 2012 with the dual-radio (i.e. SVLTE) LG Connect 4G, the first VoLTE-

capable smartphone.
37

 However, the future of this roll-out is uncertain as MetroPCS operates a 

CDMA network and as such T-Mobile is focusing on the migration of its newly acquired customers to 

its own GSM networks in order to be able to decommission the MetroPCS infrastructure. T-Mobile 

announced the launch of VoLTE in May 2014. The service first became available in Seattle for all 

subscribers who own LG G Flex, Samsung Galaxy Note 3 and the Samsung Galaxy Light; a simple 

software update made these handsets VoLTE enabled. 
38

 Furthermore, T-Mobile was the first operator 

in the US to launch Wi-Fi calling (Vo Wi-Fi or voice over Wi-Fi) in 2007 and according to T-Mobile, 

the service has undergone a number of enhancements since then. Wi-Fi calling is now natively 

integrated in T-Mobile customers’ handsets. This means that the calls are routed onto any available 

Wi-Fi network seamlessly without the need to install a separate application to enable this capability. 

T-Mobile claims to have 17 million Wi-Fi calling customers as of June 2014.
39

 This service is 

particularly valuable to customers who have poor indoor mobile coverage.   

Verizon states that it has achieved LTE coverage over its 3G footprint and 97% of the US population 

as of 2013
40

 and plans to ship its first LTE-only voice-capable handsets in 2016
41

 with an eye to 

decommissioning its CDMA network around 2021. It expects to launch commercial VoLTE in 

4Q2014 using a SVLTE solution and has therefore mandated that all its handset suppliers provide 

dual radio devices.
42

 Verizon states that it will have a robust set of VoLTE enabled handsets when it 

launches the service, some of which will have VoLTE support at the time of purchase, while others 

will receive updates enabling VoLTE.
43
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http://www.metropcs.com/metro/presscenter/pressArticles.jsp?artTitle=/assets/presscenter/assets/htm/MetroPCS+VoLT
E+Handset+-+FINAL.html. 
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http://www.verizon.com/investor/news_verizon_posts_doubledigit_earnings_growth_and_continued_strong_operating_p
erformance_in_3q_10172013.htm. 
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  Available at: http://www.fiercewireless.com/story/verizon-launch-volte-q4-delays-first-lte-only-phones-2016/2014-08-

12?utm_medium=nl&utm_source=internal 
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       Japanese Monthly Telecommunication Magazine, November issue 2012 Mr. Jukka Hongisto, Nokia Siemens Networks 

Solution Architect, “Supporting operators as they introduce Voice over LTE.” Available at: 
http://nsn.com/system/files/document/interview_with_mr_jukka_hongisto_english_and_japanese.pdf.  
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        http://newscenter.verizon.com/corporate/news-articles/2014/05-20-verizon-announces-volte/ 
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AT&T launched its VoLTE offering just one day after T-Mobile in May 2014. The service was first 

made available in Illinois, Indiana, Minnesota and Wisconsin for all users of the Samsung Galaxy S4 

mini.
44

 AT&T is aiming to discontinue 2G service by the beginning of 2017.
45

  

4.9.3 Japan 

Active mobile SIM penetration of the population exceeded 100% in 2012, reaching 104.2% at the end 

of 2012 and 109.8% in 3Q 2013. The largest mobile operator is NTT Docomo, with a market share of 

42.7% in 3Q 2013. It was also Japan’s first LTE operator, launching the service in December 2010 

under the Xi brand. NTT Docomo claimed 75% population coverage with its 4G deployments in 3Q 

2013 with 15 million subscribers and a target of 98% coverage by March 2015. Current investments 

appear to be directed at improving LTE data functionality, roaming 4G and LTE-A bandwidth 

aggregation upgrades to the infrastructure to be completed in 2015. NTT Docomo currently operates a 

CSFB solution and has not stated its timing for any move to a native VoLTE service. The operator 

shut down its 2G network in April 2012. 

The other major operators, SoftBank and KDDI, both began LTE roll-out in September 2012. 

EMOBILE launched LTE in March 2012 and had achieved 70% population coverage by 3Q 2013.
46

 

Softbank has also trialled a VoLTE CFSB solution, but has made no announcement as to a 

commercial launch date. 

4.9.4 United Kingdom  

Everything Everywhere (EE), the largest mobile operator in the United Kingdom with more than 30 

million customers, will conduct a VoLTE service trial in late 2014. A full commercial launch of the 

VoLTE service will follow in 2015, when EE 4G network exceeds 90% population coverage. The 

timing of the VoLTE introduction will also depend on smartphone support for SRVCC as, at the time 

of the launch of the service, the operator’s LTE coverage will not be fully matching that of its 2G/3G 

network.
47

  

Prior to making its VoLTE service commercially available, EE will launch its Vo Wi-Fi (voice over 

Wi-Fi) service later this year. The service will be similar to that of T-Mobile described above, with 

the calls being automatically routed via available Wi-Fi networks. The operator expects that this 
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        http://about.att.com/story/att_introduces_high_definition_voice_in_initial_markets.html 

45
  http://phx.corporate-ir.net/phoenix.zhtml?c=113088&p=irol-

SECText&TEXT=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sPyZpcGFnZT04NTM2NzQzJkRTRV
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  Japan Telecoms Market Report 2014, Analysys Mason, February 2014. 
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      http://ee.co.uk/our-company/newsroom/EE-announcing-live-trials-of-phone-calls-over-WiFi-and-4G-as-part-of-275-million-

pound-voice-investment 
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service will allow for high quality voice calls to be placed in the areas where the operator’s in-

building coverage is still poor.
48

  

In November 2013, Vittorio Colao, the CEO of Vodafone UK, stated that the operator had no plans to 

introduce VoLTE yet as 4G-smartphone penetration has not reached the desired level to make the 

investment into the service worthwhile.
49

  

O2 is currently trialling VoLTE in Germany.
50

 The operator has not yet announced a VoLTE trial in 

the UK.  

In July 2014, the fixed operator BT launched One Phone, a service aimed at small and medium-sized 

enterprises (SMEs), in Southeast England. One Phone is a fixed-mobile converged offering that brings 

about further innovation in the next generation voice market featuring both Vo Wi-Fi and mobile 

voice provisioned via small cell technology. One Phone Office, a variant of the service, is a mobile-

only, full replacement solution for office phone systems, which, because it can guarantee full indoor 

coverage, offers the same SLAs on mobile devices as a standard fixed-only solution. BT will install 

one or more picocells in the customer premises and supply a dedicated backhaul channel for voice. 

The backhaul channels can be based on a variety of solutions (e.g. ADSL Annex M or Ethernet 

VLANs). 2G signals for voice are carried on 1800MHz guard-band spectrum. BT is developing a 

2G+4G version, using its recently acquired 2.6GHz spectrum; currently the emphasis is on voice and 

not in-building cellular data, for which there is as yet little demand if corporate Wi-Fi is ubiquitous. 

There is no plug-and-play picocell or femtocell yet available. Customers get automated access to BT's 

5.4 million Wi-Fi hotspots (most of which are homespots), and for outfill coverage and 3G/4G 

services via the MVNO agreement that BT concluded with EE in March 2014. BT did not disclose 

how many public urban 4G small cells it was building out. BT’s aim appears to be to 'crowdsource' as 

much coverage on customers' small cells as possible, and thereby reduce the operating costs 

associated with the host MNO for the MVNO part of the network. The service will be launched 

nationally by the end of 2014.
51

 

4.10 Summary of modelling results  

The economic model we have built to analyse the business case of each of the options detailed above 

is based on the UK telecoms market and focuses on a hypothetical, rational operator seeking to 

minimise the NPV of the future costs. The model incorporates relevant demand-side and supply-side 

historical data for the last year, and includes a 15-year forecast of relevant variables, such as: 

 demand for voice subscriptions 
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 handset prices 

 capital and labour cost changes rates 

 2G network shut off date 

 Cost saving from refarming  / Spectrum annual licence fee (which is a lower bound on the 

refarming cost saving) 

 

Option 

0 

Option 1 Option 2 Option 3 Option 4 Figure 4.11: Comparative 

NPV per migration 

Option [Source: Analysys 

Mason, 2014] 

 

GBP0 

 

–GBP986m 

 

–GBP390m 

 

GBP182m 

 

GBP854m 

 

The results (presented in Figure 4.11) clearly demonstrate the importance of the costs of IMS network 

upgrades and VoLTE handset costs. Options 3 and 4 involve neither and so are by far the most cost 

effective. The main difference between Options 1 and 2 is the forced migration in Option 2. The 

earlier this migration takes place relative to both the forecast period and the defined 2G shut off 

point), the more expensive it is as the more users it means the operator must migrate (assuming the 

operator bears 100% of the cost of replacement handsets for forcibly migrated users). This implies 

that it is sensible to plan for a migration and refarming, but that (in contrast to the fixed case, where 

the up-front costs were offset faster by the savings) this is more economic if it can be delayed to a 

point where the handset costs can be minimised. The NPV of three different scenarios assuming 

different 2G switch off dates in Option 2 is presented in Figure 4.12 

 

2G switch off year Option 2 NPV Figure 4.12: Option 2 

NPV by migration year 

scenario [Source: 

Analysys Mason, 2014] 

2017 –GBP1,224m 

2022 –GBP390m 

2025 -GBP301m 

 

We estimate that cost savings from 2G shut off are relatively small (approximately GBP45 million per 

year). If the cost savings from 2G shut off were much higher (e.g. if the freed up spectrum could be 

sold for a higher price) this would have a profound impact on the business case for option 2.  

Full detail of these cost modelling results is given in Annex D. 

4.11 Conclusions for mobile migration  

LTE is just starting to be deployed on a wide scale, and mobile operators that provide LTE are now 

offering a number of LTE-enabled smartphones to their customers. These operators have several 

commercial and technological options available for the implementation of voice services over their 

LTE networks including CSFB; a more or less rapid migration to VoLTE with or without SRVCC; 

managed voice services through an application; and OTT voice applications provided by third-party 

communication providers. These technical and commercial options are being assessed by UK mobile 
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operators in the context of mobile voice being increasingly treated by UK consumers as the default 

option for voice calls. 

The implementation of CSFB has been used by many operators around the world as the initial voice 

services solution in the deployment of their LTE networks. Operators have the option to continue in 

this direction (our Option 0) or to seek to migrate their users to next-generation voice through the 

provision of VoLTE. This migration can be achieved naturally, involving the concurrent operation of 

parallel network infrastructures with CSFB and SRVCC support (Option 1), or a more proactive 

approach seeking VoLTE uptake, a forced migration, and the switch off of legacy networks (Option 

2). 

On the other hand, operators not wishing to spend on this scale can use application-based solutions to 

mitigate these costs, either providing their own managed voice solutions through an application and a 

Soft Switch (Option 3) or leaving the provision of voice entirely to 3
rd

 party application developers 

(Option 4). 

Each option has its inherent benefits and drawbacks. If the operator elects to pursue the CSFB path, it 

means that it will have to rely on its legacy 2G/3G network to provide voice services in the long term, 

which will become costly, especially when these technologies reach their end of life and if facing 

competitive pressures from other operators deploying a VoLTE solution. Also while CSFB 

subscribers benefit from the same voice service quality as standard 2G/3G voice calls, there is the 

drawback of a longer call setup time than for legacy networks. 

VoLTE with SRVCC support represents the most complete solution in terms of migrating 

technologies from legacy voice service infrastructures to next-generation networks, but operators 

choosing to move towards this technology face other challenges. SRVCC is currently considered to be 

an immature technology, only fully commercially deployed in one global market and with a relatively 

small vendor ecosystem. With greater availability of handsets, SRVCC could serve as a useful way of 

improving the quality of experience of VoLTE services, increasing VoLTE take-up. 

Operators that elect to migrate subscribers to VoLTE (with or without SRVCC) will have to invest in 

an IMS core network to support voice services, as well as having to subsidise the VoLTE terminals, 

which currently come at a premium to standard 4G terminals. This premium is likely to diminish with 

time as VoLTE enabled 4G terminals become mainstream. The timing of this is still quite uncertain as 

it will be driven by VoLTE service adoption worldwide, much more than any trends in the UK.  

Away from these more capital-intensive options, providing a managed voice service through an 

application on the phone is relatively cheap, but has the drawback of lacking standardisation and poor 

support for fallback to legacy networks when outside LTE coverage. And for operators not wishing or 

able to make these investments at all, voice using OTT services can be offered by any communication 

provider over a “dumb pipe” network, but the quality cannot be guaranteed and would be a poor 

substitute to circuit-switched mobile-voice service for many users, not to mention causing the major 

risk that operators in this case would essentially be surrendering control of voice service revenues.  
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The different starting points of the UK operators may lead them to select different migration options. 

For instance, EE has significant LTE investment with a CSFB solution already in place so a viable 

solution for a migration to VoLTE might be the gradual development of capabilities based on 

SRVCC. As the availability of these handsets improves and the operator moves closer to full LTE 

coverage over the legacy network footprint (or in the case of EE, perhaps even exceeds the coverage 

of its 1800MHz GSM network, using LTE at 800MHz), it would be able to use SRVCC to safeguard 

the reach and QoE of its VoLTE services. 

By comparison O2 may have the opportunity to treat VoLTE development in a more “green field” 

manner. The operator currently has 13 regional LTE deployments, but with a view to a future 

migration to VoLTE – and considering the facts that the EE network has already been widely 

launched, and that O2 has a specific coverage obligation – it may be more viable for O2 to go for a 

faster transition to VoLTE services. This strategy would see the operator save on the cost of the 

SRVCC deployment – which, assuming successful completion of LTE coverage, would become 

redundant in the long-term anyway – and possibly open the opportunity of a switch-off of the 2G 

and/or 3G networks, and the resultant savings, sooner than the alternative options. 

The discussion above illustrates that while the modelling results are implying that Option 0 is more 

attractive than Option 1 and Option 2, it should not be assumed that the only possible operator choice 

is option 0. VoLTE is at a very early stage of commercial deployment and the situation may change 

rapidly (indeed has changed rapidly during the progress of this study). Factors which will reduce the 

costs include a gradual migration of end users to handsets that either support VoLTE now or can 

potentially be upgraded to do so. In addition, some mobile operators may see more value in being able 

to use VoLTE in order to provide in-building coverage in specific bands that are currently not 

supported by 2G/3G technologies (e.g. 800MHz) or 2.6GHz (e.g. via femtocells). 

We do not envision that in the context of the UK mobile communications market any of the UK 

mobile operators would select Option 3 or Option 4 as their exclusive next-generation voice migration 

strategy. While the costs associated with these options are the lowest, the loss of revenue can be much 

higher than the cost savings. The loss of control over guarantees of service quality (covering a range 

of metrics including the sound quality, the ability to initiate the call, and the ability to complete the 

call without it dropping) should also be noted as a serious detriment to these options.  

We have not analysed Vo Wi-Fi as a separate migration option in this report. We believe that Vo Wi-

Fi will likely be a complementary service that will allow operators using native VoLTE better QoE in 

indoor environments where Wi-Fi is present. While the Vo-Wi-Fi network architecture does not of 

itself change the economics of VoLTE, it shows that voice technologies that are less dependent on 

specific technology bearers are more flexible and resilient to the changes that are likely to occur over 

the next few decades.  
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5 Fixed–mobile convergence  

Fixed–mobile convergence (FMC) can be defined as a variety of things at both consumer and network 

levels: 

 At consumer level, it can signify the integration of services such that users have seamless 

connectivity across fixed and mobile networks, even to the extent that these services may use a 

single phone number. 

 For consumers, FMC can also indicate the bundling of fixed and mobile retail services into 

packages (e.g. quadruple-play bundles), a service provider strategy that results in increased 

convenience and service discounts for subscribers and typically lower churn rates for operators.  

 On the network side, next-generation core networks are becoming very similar for fixed and 

mobile networks, both based on soft switches (e.g. IMS) with application-based managed voice 

services provided over an IP network, meaning there is an opportunity to operate a converged 

core network with common platforms, whether or not the retail services are fully converged. This 

may in turn enable fully converged services (e.g. seamless, single device, single identifier) where 

these are attractive to customers. 

With this in mind, this section examines key FMC trends in the UK market and analyses the impact 

they may have on operators’ voice migration strategies on fixed and mobile networks.   

5.1.1 Demand for converged services at the retail level 

The demand for data is one of the key drivers of the demand for fixed and mobile converged services. 

Currently around 96% of all IP data traffic is associated with fixed access networks, but with the 

increasing global availability of 3G and 4G networks and the mass uptake of smartphones and tablets, 

mobile data is on the rise. Wi-Fi offload (either managed by the end users or – with the concept of 

multipath transmission control protocol TCP – managed by the device itself) is leading to increasing 

use of mobile devices on fixed networks (and contributing to the fixed data traffic). 

In the context of voice, the emergence of Vo Wi-Fi may further spur the demand for converged 

services at the retail level. The service can be provided on smartphones that have native capability to 

redirect calls placed at home (or in other locations where Wi-Fi connectivity is available) onto Wi-

Fi.
52

  

As noted in the previous sections, we expect Vo Wi-Fi to be a complementary next generation voice 

strategy of UK operators as they migrate onto VoLTE. It will serve to address customer 

dissatisfaction with high international and roaming prices and it partly tackles indoor coverage issues. 

It is also likely that uptake of Vo Wi-Fi will depend on how actively individual operators will want to 
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manage Wi-Fi offload.  Furthermore, it will appeal to operators using “inside-out” strategies staring 

from Wi-Fi and femtocell coverage to provide mobility to their customers. As we discuss in section 

5.3, these architectures do not of themselves change the economics of VoLTE, but they show that 

voice technologies that are less dependent on specific technology bearers are more flexible and 

resilient. They also make it possible for stakeholders with licences to use specific spectrum bands to 

offer converged voice services based on bands in which LTE will be available. 

5.1.2 Bundling 

European leaders 

France and Spain are in the vanguard of fixed–mobile bundling. The French market is unique in 

Europe for the number of strong converged fixed–mobile players: Bouygues, Orange and SFR are 

established, and Iliad is rapidly establishing itself with an LTE licence and a national roaming 

agreement. We estimate that in 2012, 42% of fixed broadband households in France bundled mobile-

voice contracts with fixed broadband, a figure that we expect to reach 75% by 2017. Spain is also 

likely to see high a take-up of fixed–mobile converged offerings, while the rest of Europe is lagging. 

In the UK, the share of bundles that include mobile voice will remain below 10% through 2017 (as 

shown in Figure 5.1 below).  

 

 

Figure 5.1: Penetration 

of bundles that include 

mobile voice, European 

countries, 2009–17 

[Source: Analysys 

Mason, 2014] 
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Bundling in the UK 

Fixed and mobile bundles accounted for only about 7% of total bundles offerings in the UK in 2012 

(see Figure 5.1 ). This relatively low percentage, when compared against France and Spain, can be 

explained by the lack of overlap between fixed and mobile: O2 has withdrawn from fixed-line 

services; EE discounts mobile plans if customers take VDSL, but its fixed broadband share is small. 

Virgin Media, however, offers loose quadruple-play bundles that include mobile voice (that is, a 

triple-play customer who is also a mobile-voice customer, and receives a discount on his/her mobile-

voice service as a result) and has reported strong customer retention for customers using these 

products. 

In 2009, Vodafone launched Vodafone One Net, a converged fixed–mobile service targeted towards 

small and medium-sized enterprises (SMEs), but due to the small size of its consumer fixed-line 

business, Vodafone is unlikely to be very disruptive with similar offerings in the consumer market. 

BT, however, could potentially be disruptive to the mobile market: it acquired 2.6GHz spectrum, has 

indicated that it is to launch as an MNO, and is looking for a partner with 800MHz.  

 

 

Figure 5.2: Households 

by fixed broadband 

bundle and fixed–

mobile bundle 

penetration, UK, 2009–

12 [Source: Analysys 

Mason, 2014] 

 

5.1.3 Commercial opportunities offered by bundling 

Lower churn rates and customer retention cost 

Analysys Mason’s Connected Consumer Survey 2013 shows that
53

 there appears to be a clear 

relationship between the number of services that fixed broadband customers take from one provider 

                                                      
53

  The Connected Consumer Survey panel was from the UK, France, Germany, Spain, Poland and the USA. 
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and their intention to churn. We found that respondents with quadruple-play bundles (those adding 

mobility to existing data-intensive services in the home) were half as likely to intend to churn as those 

who took fixed broadband on its own or only with a TV service. 

 

Figure 5.3: Future (six-

month) plans for fixed 

broadband, by 

combination of services 

bought from the same 

provider [Source: 

Analysys Mason, 

2014]
54

 

For consumers, this extension of home services into the mobile domain is the main manifestation of 

fixed–mobile convergence.  

Operator strategies tend to be focused on increasing non-voice revenues by taking advantage of the 

growth in demand for mobile data to try to improve customer loyalty and monetise mobile device data 

download generally lost to Wi-Fi in the home. Orange currently offers converged deals in seven of its 

nine European countries, using device capabilities to allow users the choice of automatically 

switching between Wi-Fi and mobile networks dependent upon the best signal. These strategies allow 

operators to offer a greater number of services and price plans, helping them to become increasingly 

competitive while at the same time generating new revenue opportunities. 

While the consumer side is currently more focused on data, as the “always-on” approach to 

professional enterprise becomes more pervasive, business customers show increasing interest in the 

unified communications approach, whereby a user can access voice services across either fixed or 

mobile devices with no service interruption. As with the consumer case, this gives operators the 

opportunity to offer a greater range of services per customer, opening new revenue streams with no 

adverse effect on the quality of services of the user. 

                                                      
54

  Questions: various; n = 4445; respondents with a fixed broadband subscription (Key: FBB = fixed broadband; FV = fixed 

voice; MV = mobile voice). 
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5.1.4 Commercial challenges from bundling 

Lower revenue and pressure on margins 

While fixed–mobile convergence can drive the decline in customer retention costs and churn rates, it 

can have an adverse effect on integrated operators’ margins, particularly on the mobile side. A single 

integrated operator can trigger a wave of quadruple-play bundles in any given market, and the French 

example has shown that this can have immediate negative effects on ARPU levels. Iliad (Free) 

launched as an MNO in France in 2011 with some simple quadruple-play packages, one of which was 

a basic SIM-only subscription with 120 minutes and unlimited texts and Wi-Fi for just EUR2 per 

month. While other longer-term effects were doubtless at work, the four main fixed–mobile players 

lost EUR1.5 billion in revenue and EUR1.6 billion per annum EBITDA between 2011 and 2012. This 

is the equivalent of losing more than EUR2 per month of operating margin for every inhabitant of 

France. Loss of margin weakens the ability of integrated and mobile players to invest in new networks 

(including fixed NGA).  

Most of the reduction in revenue and EBITDA associated with converged offerings is recorded by 

mobile. The value of the fixed services appears to be less negotiable than the value of mobile because 

the margins on mobile voice are high, and the underlying costs in fixed are regulated prices. The case 

of Iliad demonstrates the disruptive effect that a hitherto fixed-line player can have in the mobile 

market. It is therefore interesting to note that BT, a consortium of Dutch cablecos and the Spanish 

cablecos each have spectrum in their home markets that could disrupt ARPU trends, particularly for 

mobile voice. 

5.2 Seamless connectivity across fixed and mobile networks, and opportunities for service 

innovation  

Most fixed–mobile converged offerings that provide seamless connectivity across fixed and mobile 

networks are still targeted at the enterprise segment. These offerings, which were first launched in 

2005,
55

 introduced a variety of new services and features. With the growing penetration of 

smartphones and tablets, particularly attractive for enterprises are the features that allow for 

conference and video calling, and sharing screens across different devices. Furthermore, productivity 

tools, such as monitoring of the workforce, are often included as a part of FMC offerings for 

enterprises. Secure access to employees’ smartphones and tablets and the ability for the company to 

update security settings remotely are another convenience that FMC packages offer.  

As per innovations in the domain of voice, FMC services allow for united landline and mobile calls 

via a converged VPN. This allows employees to call office numbers from their mobile phones by 

dialling only extensions (short-code dialling) and at a lower cost. The cost of mobile calls here is 

lower as the wireless minutes are redirected from the cellular network to the Wi-Fi network in the 

office (or at home in the case of consumer offerings).  

                                                      
55

  BT launched the world’s first FMC service, “Fusion,” in June 2005.  
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Other innovative features include: on-net, virtual on-net, and off-net calls, forced on-net, off-net 

access, black/white lists for incoming and outgoing calls, mid-call handling services, mid-call transfer 

and hold, three-way call, and caller ID replacement.  

The call quality on mobile is said to be higher, including fewer dropped calls, since the calls are 

provided over an IP-based platform.  

5.3 Fixed–mobile convergence: opportunities for network cost savings  

Network-related cost-saving opportunities arise from the way next-generation voice upgrades for 

fixed and mobile infrastructures can both revolve around an IMS core and shared infrastructure. 

Figure 5.4  illustrates the common parts of the network where an operator is using a converged core.  

 

  

Figure 5.4: Converged 

network architecture 

[Source: Analysys 

Mason, 2014] 

 

Deployment of a next-generation core network based on IMS and IP may allow a common core 

network and a common voice platform between fixed NGN (either MSAN-based or VoBB) and 

VoLTE deployments. This offers the opportunity for capital and operating cost savings, consolidating 



Roadmaps for the transition to new fixed and mobile voice technologies  |  A–65 

Ref: 39159-104 .  

operators’ in-house fixed and mobile teams, and by having a single vendor maintenance contract. 

Furthermore, more scale can also result in more favourable pricing.  

The ability of a converged core network and service platform to deploy the same service set on both 

fixed and mobile access networks might enable fixed operators with suitable spectrum holdings the 

capabilities to use LTE as a substitute for wireline access. Verizon and AT&T have both launched 

services in this fashion, aimed at rural users with limited or no broadband options. UK Broadband is 

also offering connectivity using LTE with 4G routers as a consumer alternative and as an enterprise 

solution for customers who require a flexible contract length or quick provisioning. These services 

often come at a premium for users in that: 

 they are generally priced based on the economics of mobile access and so have lower data caps or 

higher per-gigabyte charges 

 they do not typically provide the speeds reached by next-generation wireline access (AT&T 

quoted speeds between 5Mbit/s and 12Mbit/s),  

However, they certainly are an option for customers who currently have limited choices for voice or 

first-generation broadband. 

There are also new mobile network architectures which are heavily reliant on fixed broadband 

solutions, such as so-called “inside out” architectures where the network coverage is provided mainly 

by in-building coverage provided by femtocells or voice over Wi-Fi (as previously discussed), with 

outdoor network coverage provided by conventional macrocells (possibly via a roaming agreement). 

These architectures do not of themselves change the economics of VoLTE, but they show that voice 

technologies that are less dependent on specific technology bearers are more flexible and resilient to 

the changes that are likely to occur over the next few decades. They also make it possible for 

stakeholders with licences to use specific spectrum bands (such as BT) to offer converged voice 

services based on bands in which LTE will be available (such as 2.6GHz).  

5.4 Fixed–mobile convergence: transition modelling results   

In order to test the impact that convergence might have on the fixed-voice migration strategies of 

service providers, we have tested a scenario in which the fixed network is able to make use of an 

existing IMS core (e.g. one that has already been provisioned for a mobile network). Related to this, 

we assumed certain cost savings in the fixed-voice migration model and we tested how these would 

affect the NPV of future costs associated with the VoBB and MSAN migration options relative to the 

sustain option. 

The following cost savings were accounted for in the fixed migration model: 

 Fixed opex related to the lower cost of soft switch maintenance resulting from more scale. We 

assumed a 20% discount on vendor maintenance of soft switch related to scale. In a real-life 

scenario, this discount would depend on the size of the operators’ fixed and mobile subscriber 

pools (of course in the UK, BT currently does not have a mobile arm). 
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 Cost savings from soft switch-related capex. We applied a 20% discount to soft switch capex per 

port. We assumed that, while the operator would still need to invest into expanding capacity, 

some costs such as those for chassis would be saved. 

The above adjustments to the fixed migration model have resulted in marginally more attractive 

business cases for both MSAN and VoBB migration options when compared against the sustain 

option.  

Figure 5.5: Transition modelling results: VOBB and MSAN options with convergence accounted for [Source: 

Analysys Mason, 2014] 

 Units VoBB MSAN 

Slow migration –

optimistic scenario 

without convergence  

GBP million 84 483 

Slow migration – 

optimistic scenario with 

convergence 

GBP million  149 548 

Note: The above VoBB scenarios assume a 1-hour battery back-up requirement.  

In the context of the UK market, convergence would make the migration to next-generation fixed 

voice a slightly more attractive business case for an operator that already had a mobile IMS core. The 

most significant network-related cost saving would come from improved scale. However, we do not 

think that this marginal improvement in the attractiveness of the VoBB and MSAN business cases 

would significantly affect operators’ decision to migrate as opposed to sustaining.  

5.5 Conclusions for fixed-mobile convergence section  

The growing demand for bundled and converged offerings provides operators with both challenges 

and opportunities as summarised in the table below.  

Figure 5.6: Opportunities and challenges from bundling and FMC [Source: Analysys Mason, 2014] 

 Opportunities  Challenges  

Bundling   Lower churn  

 Lower customer retention costs  

 Declining EBITDA margin  

Service convergence  Opportunities for service innovation   Limited consumer value 

proposition  

Network convergence  Network cost savings in the 

migration to next-generation voice  

 

 

Opportunities related to network cost savings are the most relevant to operators considering migration 

to next-generation voice on mobile and fixed networks. In the context of the UK market, convergence 

would make the migration to next-generation fixed voice a more attractive business case for an 

operator that already had a mobile IMS core. The most significant network-related cost saving would 
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come from lower operating costs associated with the larger scale that the convergence of fixed and 

mobile operations would bring about.  
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6 General conclusions  

6.1 Operators’ voice migration strategies are dependent on market context 

There is no one single answer to NGN voice migration. The market context has a significant impact 

on an operator’s decision whether or not to migrate in the foreseeable future and on which migration 

option to select. Broadband penetration, market size, LTE penetration and handset availability are just 

some of the factors that operators will take into account when choosing their voice migration strategy.  

 In markets with high broadband penetration, the VoBB strategy for fixed-voice migration, which 

assumes that all voice subscribers must also be broadband subscribers, may make more sense than 

in markets with low broadband penetration. This strategy also may make more sense for operators 

in markets experiencing rapid decline of fixed voice lines at the retail or wholesale levels and high 

adoption levels of FTTH based services.  

 Marginally earlier fixed-voice migration can be expected in high LTE penetration markets for two 

reasons: 

— cost savings associated with fixed–mobile convergence i.e. next-generation voice 

upgrades for fixed and mobile infrastructure can revolve around an IMS core and shared 

infrastructure 

— furthermore, in markets with high LTE penetration it may be possible for operators to 

substitute wireline infrastructure with LTE in remote areas, which may make it easier for 

the operators to plan for a PSTN network switch-off. 

 Earlier mobile-voice migration to VoLTE can be expected in markets with high LTE coverage, 

large local smartphone manufacturers, and operators’ heavy involvement in the handset 

distribution value chain. This was the case in South Korea.  

6.2 Operators in the same market may follow different voice migration strategies  

Migration-related decisions can vary significantly from operator to operator depending on their 

starting point, even when they operate in the same market.  

Operators that have an existing large PSTN network which they can sustain are more likely to 

postpone the fixed-voice migration as long as possible i.e. they are more likely to adopt the sustain 

option. Such might be the case of BT which is sustaining, while its competitors, such as TalkTalk and 

Sky, with much smaller legacy networks, have opted to implement the MSAN-based fixed-voice 

migration.  

However, the decision to migrate can depend on the ability of the particular operator to maintain the 

legacy network. For instance, where the operator has built large stock of spare parts and does not 

experience a shortage of key maintenance personnel, the operator is also more likely to favour the 

sustain option. On the contrary, operators, such as AT&T in the USA, which are reporting major 
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issues related to the depleted stocks of legacy network spare parts and workforce shortage, are likely 

to push for a faster migration and the related legacy network switch-off.  

The VoBB migration option is potentially more attractive to operators selling multi-play services as it 

allows for service cross-selling, with new revenue opportunities from Internet and pay TV. Similarly, 

the MSAN option represents a particularly attractive strategy for operators in higher-income markets 

where the remaining voice-only subscribers are likely to persist. 

Some operators may decide to test existing fixed migration options on a smaller scale, preferring to 

implement incremental changes to their current fixed voice strategy over large scale strategic shifts 

that have uncertain results in the context of different future market trends.  

For mobile operators, the starting point for migration determines the available options. Operators’ 

existing LTE coverage, for example, is a key factor: the higher the proportion of the subscriber base 

covered by LTE, the sooner operators can introduce widespread VoLTE capabilities and potentially 

realise a return on the migration investment. Furthermore, current spectrum holdings may also affect 

operators’ decisions, with operators that own only LTE-capable spectrum in lower frequency bands 

more likely to migrate to VoLTE sooner.  

6.3 Options for next-generation mobile-voice migration are more complex and less 

straightforward than the fixed migration options  

Mobile-voice migration is more complex in both the number of options that operators may face and 

the outcomes associated with them. While we have looked at only two fixed migration options, in 

addition to the baseline option, there are at least four mobile-voice migration options in addition to the 

baseline available in the UK:  

 Option 1: Gradual deployment of VoLTE with single radio voice call continuity (SRVCC) for 

voice, and CSFB used for fourth generation-capable devices not supporting VoLTE 

 Option 2: Faster move to native VoLTE with forced migration at the end of the migration period 

 Option 3: Deployment of managed voice services using an application over LTE  

 Option 4: Deployment of over-the-top (OTT) voice service on unmanaged data bearer over LTE. 

The impact that the chosen migration strategy can have on QoS varies significantly across mobile 

options – in the case of the OTT voice application provided by a third party, the operator has no 

control over either QoS or security outside of its own network. 

Also, unlike fixed operators, mobile operators also want to assess the potential impact that the chosen 

migration option may have on their revenues post migration. For instance, even though Option 4 is by 

far the least costly one when compared against the baseline, it could significantly erode an operator’s 

voice revenue.  

 The variety and complexity of options and outcomes facing mobile operators may also explain the 

lack of migration to next-generation voice.   



Roadmaps for the transition to new fixed and mobile voice technologies  |  A–70 

Ref: 39159-104 .  

The cost of customer equipment (CPE and handsets) presents a key barrier to migration of both fixed 

and mobile voice to next-generation networks. 

 The cost of handsets is the most critical sensitivity for all mobile migration options. The high cost 

is largely due to the cost of replacing existing handsets with VoLTE-enabled ones. Assuming that 

operators bear 100% of this migration burden (which is likely to be true particularly in the case of 

forced migration as foreseen in mobile Option 2), the cost of a replacement handset for every one 

of several million subscribers is prohibitive. However, the attractiveness of a forced migration to 

VoLTE may increase with time, as the premium on VoLTE handsets declines.  

 Similarly, on the fixed side, the VoBB migration option, while arguably the most future-proof one 

in that it can support FTTC and FTTH architectures, requires that all customers have CPE with an 

ATA port and battery backup. This is a potentially costly requirement given that many UK 

customers currently do not have RGW with ATA. The costs associated with providing millions of 

customers with new RGA with ATA port make VoBB a less favourable option than the baseline 

sustain strategy in most cases. While the MSAN option has other benefits when compared against 

VoBB (such as the fact that it is less dependent on broadband take-up and that it may bring about 

fewer security worries), its more favourable cost structure is mostly due to the absence of costs 

associated with changes at the customer’s premises (the provision of the new RGW and battery 

back-up).  

6.4 Conclusions for the UK market  

In the UK, the model indicates that the least costly option for fixed-voice migration for an operator of 

BT’s scale is the MSAN option. In most cases, this option is preferred over the sustain option in terms 

of the NPV of the future costs. However, the cost may not be the only variable that BT is factoring 

into its migration decision. Capital constraints or perceived short-term uncertainty in key demand 

parameters could be just some explanations of the operator’s choice to sustain.  

The NPV of the VoBB migration option stays inferior to the least favourable scenario of the MSAN 

migration option unless the migration is implemented very quickly and there is no need to invest into 

CPE with ATA ports. However, BT’s decision to sustain, as opposed to implement the cost-wise more 

attractive MSAN option, indicates that the VoBB option may well be preferred in the longer term. 

Indeed, the “sustain” strategy is capable of a slow and customer-led migration to VoBB with a much 

less intensive profile of capital costs and is much more resilient than the MSAN strategy to possible 

different futures such as:  

 radically lower demand for fixed voice subscriptions (with customers moving to mobile voice or 

OTT services such as Skype), 

 increased use of FTTH (for which VoBB is a natural fit, as there is no MSAN solution possible)  

 or the use of broadband solutions with no associated copper pair to the exchange for voice 

services (so-called “naked” broadband services). 
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The different starting points of the UK mobile operators may lead them to select different migration 

options for mobile voice. For instance, EE has significant LTE investment with a CSFB solution 

already in place so, while an early rapid migration to LTE would not be coherent with this starting 

point, a viable solution for a migration to VoLTE might be the gradual development of capabilities 

based on SRVCC. As the availability of these handsets improves and the operator moves closer to full 

LTE coverage over the legacy network footprint (or in the case of EE, perhaps even exceeds the 

coverage of its 1800MHz GSM network, using LTE at 800MHz), it would be able to use SRVCC to 

safeguard the reach and QoE of its VoLTE services. 

By comparison O2 may have the opportunity to treat VoLTE development in a more “green field” 

manner. The operator currently has 13 regional LTE deployments, but with a view to a future 

migration to VoLTE – and considering the facts that the EE network has already been widely 

launched, and that O2 has a specific coverage obligation – it may be more viable for O2 to go for a 

faster transition to VoLTE services. This strategy would see the operator save on the cost of the 

SRVCC deployment – which, assuming successful completion of LTE coverage, would become 

redundant in the long-term anyway – and possibly open the opportunity of a switch-off of the 2G 

and/or 3G networks, and the resultant savings, sooner than the alternative options. 

Finally, different spectrum holdings of the UK mobile operators may affect how quickly they will 

migrate customers onto VoLTE. Some mobile operators may see more value in being able to use 

VoLTE in order to provide in-building coverage in specific bands that are currently not supported by 

2G/3G technologies (e.g. 800MHz) or 2.6GHz (e.g. via femtocells). 

We do not envision that in the context of the UK mobile communications market any of the UK 

mobile operators would select Option 3 or Option 4 as their exclusive next-generation voice migration 

strategy. While the costs associated with these options are the lowest, the loss of revenue can be much 

higher than the cost savings. The loss of control over guarantees of service quality (covering a range 

of metrics including the sound quality, the ability to initiate the call, and the ability to complete the 

call without it dropping) should also be noted as a serious detriment to these options.  

We expect that Vo Wi-Fi, the service which has recently been announced by EE, will complement 

operators’ next generation mobile voice offering, but is unlikely to become a standalone voice 

strategy as it does not offer wide-area (i.e. outdoor) mobility.   
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Annex A Acronyms used in the report 

ADSL  Asymmetric Digital Subscriber 

Line 

ENUM Electronic Number Mapping 

AEK Agencija za Elektronski 

Komunikacii (Agency for 

Electronic communications, 

Romania) 

EPC Evolved Packet Core 

ATA Analogue Terminal Adapters EPS Evolved Packet System 

BGCF  Breakout Gateway Controller 

Function 

ETSI European Telecommunications 

Standards Institute 

Cms 

BIPT 

Belgisch Instituut voor 

postdiensten en telecommunicatie 

(Belgian Institute for Postal 

Services and 

Telecommunications) 

EWSD Elektronisches Wählsystem Digital 

(Electronic Digital Switching 

System/Electronic World Switch 

Digital) – a type of Siemens 

equipment 

CDMA Code Division Multiple Access FTTC  Fibre To The Cabinet 

CFSB Circuit Switched Fallback FTTH Fibre To The Home 

CMS Carrier Monitoring Systemcpe FTTN Fibre To The Node 

CPE Customer Premises Equipment FTTP Fibre To The Premise 

CSCF Call Session Control Function GPON Gigabit Passive Optical Network 

CSFB Circuit Switched Fallback 3GPP 3
rd

 Generation Partnership Project  

CSL Communication Services Limited GPRS General Packet Radio Service 

DBS Direct Broadcast Satellite GSM Global System for Mobile 

DEA Digital Economy Act GSMA GSM Association 

DECT Digital Enhanced Cordless 

Technology 

HGW Home Gateway 

DLE Digital Local Exchange HSPA High Speed Packet Access 

DMSU Digital Main Switching Unit HSS Home Subscriber Server 

DNS Domain Name System IAD Integrated Access Device 

DSL Digital Subscriber Line ICE In Case of EmergencyIMS 

DSLAM Digital Subscriber Line Access 

Multiplexer 

IMS IP Multimedia Subsystem 

EATF Emergency Access Transfer 

Function 

IPTV Internet Protocol TV 

EFTPOS Electronic Fund Transfer at Point 

Of Sale 

IRAT Inter-Radio Access Technology 
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ISDN Integrated Services Digital 

Network 

PSTN Public switched telephone network 

ISUP ISDN User Part RCS Rich Communication Service 

ITU International Telecommunication 

Union 

RGW Residential Gateway 

KCC Korea Communications 

Commission 

S-CSCF Serving Call Session Control 

Function 

KDDI Kokusai Denshin Denwa 

International 

SIM Subscriber Identity Module 

LAN Local Area Network SIP Session Initiation Protocol 

LCS Location Services SMS Short Message Service 

LTE Long-Term Evolution SRVCC Single Radio Voice Call Community 

MGCF Media Gateway Controller 

Function 

SS7 Signalling System No. 7 

MGW Media Gateway SVLTE Simultaneous Voice and LTE 

MME Mobility Management Entity TDM Time Division Multiplexing 

MNO Mobile Network Operator TDR Telecommunication for Disaster 

Relief 

MPLS Multiprotocol Label Switching UICC Universal Integrated Circuit Card 

MRF Media Resource Function UMTS Universal Mobile 

Telecommunications System 

MSAN Multi-Service Access Node USO Universal Service Obligation 

MSC Mobile Switching Centre UTRAN UMTS Terrestrial Radio Access 

Network 

MVNO Mobile Virtual Network Operator VDSL Very-high-bit-rate digital subscriber 

line 

NGN Next-Generation Network VoIP Voice Over Internet Protocol 

NPV Net Present Value VoLTE Voice Over LTE 

OLT Optical Line Termination VPN Virtual Private Network 

ONT Optical Network Terminal VTC Video TeleConference 

OTE Οργανισμός Τηλεπικοινωνιών 

Ελλάδος (Hellenic 

Telecommunications 

Organization) – the Greek 

incumbent operator 

WiMAX Worldwide Interoperability for 

Microwave Access 

OTT Over The Top   

PCM Pulse Code Modulation   

PESQ Perceptual evaluation of speech 

quality 

  

POI Point of Interconnect   

POTS Plain old telephone service   

 

 



Roadmaps for the transition to new fixed and mobile voice technologies  |  B–1 

Ref: 39159-104 .  

Annex B List of relevant standards 

Figure B.1: Standards relevant to next-generation fixed- and mobile-voice service [Source: Analysys Mason, 2014] 

Issue  Standard  

Legal intercept   A list of 10 ETSI standards available here: 

http://www.etsi.org/technologies-

clusters/technologies/security/lawful-interception   

Emergency communications   A list of 22 ITU standards available here: 

http://www.itu.int/en/ITU-T/pcptdr/Pages/publications.aspx   

Quality of Service   ITU: G.114: One-way transmission time. Approved in 2003, 

with amendments in 2003 and 2009 

 ITU: H.323: Packet-based multimedia communications 

systems. Latest approved version is 2009 

 ITU: Y.1541: Network performance objectives for IP-based 

services 

 ETSI: ES 202 737: Speech and multimedia Transmission 

Quality (STQ); Transmission requirements for narrowband 

VoIP terminals (handset and headset) from a QoS 

perspective as perceived by the user 

 ETSI: ES 202 020: Speech Processing, Transmission and 

Quality Aspects (STQ); Harmonized Pan-European/North-

American approach to loss and level planning for voice 

gateways to IP based networks. Published in 2007 

Interconnection   ITU: G.799: Signal processing functionality and performance 

of an IP-to-IP voice gateway optimized for the transport of 

voice and voiceband data. Approved in 2011 

 

Figure B.2: Standards relevant to next-generation fixed-voice service only [Source: Analysys Mason, 2014] 

Issue  Standard  

Legal intercept   ETSI: TS 101 909-20-1: Digital Broadband Cable Access to 

the Public Telecommunications Network; IP Multimedia Time 

Critical Services; Part 20: Lawful Interception; Sub-part 1: 

CMS based Voice Telephony Services. 

Quality of Service   ITU: P862: Perceptual evaluation of speech quality (PESQ): 

An objective method for end-to-end speech quality 

assessment of narrow-band telephone networks and speech 

codecs. Approved in 2001, with amendment 2 approved in 

2005 

 ITU: P.863: Perceptual objective listening quality 

assessment. Approved in 2011, with an amendment 

approved later that year 

 ITU: G.711: Pulse code modulation (PCM) of voice 

frequencies. Approved in 1988 

http://www.etsi.org/technologies-clusters/technologies/security/lawful-interception
http://www.etsi.org/technologies-clusters/technologies/security/lawful-interception
http://www.itu.int/en/ITU-T/pcptdr/Pages/publications.aspx
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Issue  Standard  

Technical   ITU: G.729.1 extends the ITU-T G.729 speech coding 

standard widely used in VoIP systems and is fully 

interoperable with it. It will allow smooth transition from 

narrow band (300–3400Hz) "PSTN" quality telephony to high 

quality wideband (50–7000Hz) telephony over IP and efficient 

deployment in existing infrastructures. Approved in 2006, with 

amendments in 2007, 2008, 2009, 2010, 2012 and 2013 

 

Figure B.3: 3GPP releases since the introduction of LTE [Source: Analysys Mason, 2014] 

Name Date Features relevant to operators considering migration to 

next-generation mobile voice  

Release 8 December 2008 Introduced LTE and mandated CSFB, ensuring handset 

compatibility between 2G/3G and LTE networks 

Release 9 December 2009 First considerations on System Architecture Evolution for SRVCC 

Release 10 June 2011 Release of LTE-A, improving spectral efficiency and peak data 

rate 

Release 11 June 2013 Enhancements of HSPA+ and LTE requirements for supporting 

emergency calls on IMS and IMS emergency call handover when 

using SRVCC  
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Annex C Transition modelling approach for fixed networks 

and modelling results  

C.1 Transition modelling approach 

We have built a model to assist in understanding the economic factors motivating the transition of 

voice services between TDM and NGN using two migration scenarios (“VoBB” and “MSAN”) and 

one baseline scenario (“Sustain”). The model is based on the UK telecoms market and focuses on a 

rational (and hypothetical) operator seeking a voice migration strategy to minimise the net present 

value (NPV) of its future costs. The model incorporates relevant demand-side and supply-side 

historical data for the last year, and a 15-year forecast for relevant variables, including demand for 

subscriptions. While access network technologies are not the primary focus of this project, there are 

linkages between the access network architecture and the costs of the NGN voice transition. For 

example, the MSAN approach is not available if using FTTH. As a result, some of the inputs need to 

take this into account. Three different access network architectures have been accounted for:  

 lines provided from the exchange 

 lines provided on an FTTC network 

 lines provided on an FTTH network.  

The model also recognises that there may be two different categories of customers: those receiving 

just voice service and those receiving both voice and broadband services. This is an essential 

distinction as the two categories of subscribers have different cost profiles for the different scenarios.  

Some of the key inputs and key outputs for the fixed-voice migration model are listed in Figure C.1. 

Figure C.1: Inputs and outputs in the fixed-voice migration model [Source: Analysys Mason, 2014] 

Inputs  Outputs  

Key parameters:  

 Migration periods for lines served from the 

exchange, FTTC and FTTH architectures 

 PSTN switch-off date 

 % of customers with existing RGW with ATA  

 Method of installing CPE for all three 

architectures 

 battery back-up costs for all three architectures  

 Unit capex assumptions for all three 

architectures 

 Operational cost input assumptions (such as: 

staff wages, vendor maintenance cost, reactive 

maintenance cost, etc.) 

 Specific operating cost elements for sustain, 

VoBB and MSAN migration strategies  

 Sustain (SS7) fixed and variable capex and opex 

 VoBB migration strategy variable and fixed 

capex and opex 

 MSAN migration strategy variable and fixed 

capex and opex 

 NPV of future costs of VoBB and MSAN 

migration compared against base case (sustain 

strategy) 
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Inputs  Outputs  

Line forecast:  

 Total voice subscribers 

 Total DSL subscribers 

 Total FTTH/C subscribers 

 Modelled operator market share 

 Voice only lines for all three architectures  

In order to be able to isolate costs associated with migrated lines, the model assumes that there may be 

three types of lines:  

 new PSTN lines 

 lines migrated from PSTN to VoBB or MSAN 

 new VoBB lines. 

Market demand for all three technology access lines is presented in the form of a line forecast which 

assumes different growth rates for PSTN, FTTC and FTTH technologies. The model parameterizes 

two key parameters for each of the migration scenarios, those related to:  

 Migration profiles. Each profile specifies the start and end date of the migration period. The 

model furthermore provides an option to stop installing new PSTN lines in a chosen year (once 

the direction of travel is clear, it makes little sense to use the old technology for new connections 

if the new one is available). 

 CPE installation. This parameter defines whether the migrated customer would need to self-

install the CPE. In most cases, when it comes to the lines from the exchange, the model and the 

residential gateway are sent to the customer for them to install on their own, while in the case of 

VDSL2 and FTTH this option is not yet feasible. Clearly, the two options have different 

implications on the capex structure. The model allows for these parameters to vary over time. 

We used a variety of different sources to inform the model, including Ofcom’s UK Communications 

Market reports and Analysys Mason’s in-house forecasts for DSL and FTTC/H adoption rates in the 

UK. Furthermore, we engaged in a series of conversations with network procurement specialists in-

house and externally to verify the opex and capex assumptions for legacy infrastructure and all 

migration scenarios. 

The models represent a simplified version of the reality; the real future costs associated with different 

migration options are unknown. The main purpose of our research was to highlight the key 

differences between various migration options, and the modelling is an aid to this. 

In the sections below we analyse each of the migration scenarios and their implications in greater 

detail.  



Roadmaps for the transition to new fixed and mobile voice technologies  |  B–5 

Ref: 39159-104 .  

C.2 Modelling results and their implications 

C.2.1 Managed VoBB option 

We have assumed three different migration profiles, as shown in Figure C.2. 

Figure C.2: Migration profiles tested in the context of VoBB migration strategy [Source: Analysys Mason, 2014] 

 

Note: The percentage of migrated lines at the end of the first year of migration is zero, while at the 

end of the last year of migration it is 100. For instance, 2015–20 represents a five-year period. 

In addition, we have tested these migration profiles in two different market contexts:  

 1: Optimistic context, which assumes that:  

— 50% of customers served from the exchange already have a router with an ATA port, as 

well as 0% of FTTC and 100% of FTTH customers
56

 

— CPE vendors will start offering a self-install CPE for FTTC and FTTH customers by the 

end of 2018.  

 2: Pessimistic context, which assumes that:  

— 30% of customers served from the exchange already have a router with an ATA port, as 

well as 0% of FTTC and 100% of FTTH customers 

— CPE vendors will start offering a self-install CPE for FTTC and FTTH customers in 2025.  

Finally, since the regulatory guidance on the battery back-up at the customers’ premises adds 

significant cost to the VoBB migration option, we analysed the costs of migration under the 

                                                      
56

  Please note that FTTH customers do not need to have an RGW with an ATA port as their telephone line is connected 

directly to the ONT, which has an ATA port. This is why we assume that 100% of FTTH customers already have the 
CPE needed for a successful migration. On the contrary, no FTTC customers have an RGW with an ATA port as none 
of the BT Home Hub versions after Home Hub 2 came with an ATA port.  
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requirement of a 1-hour-long battery back-up (currently mandated by Ofcom) and a scenario that 

assumes a 4-hour long battery back-up requirement.  

The results are presented in Figure C.3.  

 

Figure C.3: NPV of VoBB migration strategy compared against the baseline option [Source: Analysys Mason, 2014] 

 Unit Aggressive Moderate Slow 

1: Optimistic  GBP million    

1-hour battery back-up  342 49 84 

4-hour battery back-up  144 -110 -23 

2: Pessimistic  GBP million    

1-hour battery back-up  288 -117 -95 

4-hour battery back-up  90 -276 -203 

The implications for an operator’s NPV of the future costs associated with a VoBB migration strategy 

differ significantly under different scenarios, with six out of twelve scenarios yielding a negative NPV 

compared to the baseline scenario.  

There are several balancing factors which make the fastest VoBB migration profile the most attractive 

and moderate migration profile the least attractive within both optimistic and pessimistic market 

contexts. These include:  

 opex associated with having to maintain two parallel networks (PSTN and the soft switch) 

 cost of having to provide broadband connection to voice only subscribers that are migrated 

 broadband penetration throughout the forecast period 

 cost erosion factor associated with capex  

 

If the operator is forced to migrate, then a fast migration is preferred – the longer the migration lasts, 

the longer the operator has to maintain both the PSTN network and the soft switch, which has an 

adverse effect on the operator’s opex. However, there are some potential cost savings associated with 

prolonging the migration period too, which explains why a slow migration profile is superior to the 

moderate migration profile. For instance, the higher the broadband penetration the fewer customers 

need to be provided with broadband connection in order to provide voice. The provision of broadband 

connectivity is particularly expensive due to the high cost associated with CPE (RGW with ATA port) 

and the regulatory requirement for a battery back-up (with the duration of 1-hour in the UK market 

context). Finally, due to the cost erosion factor associated with capex, it costs less to migrate a 

customer at the end than at the beginning of the migration period (and this is further discounted).  

 

Under most scenarios, VoBB is not the most attractive migration option for a large service provider in 

the UK context. Only if we assume that all BT’s customers already have a modem with ATA port, the 

business case for an aggressive VoBB migration option becomes more attractive than the least 

favourable MSAN migration scenario. Under this scenario the VoBB migration option NPV reaches 



Roadmaps for the transition to new fixed and mobile voice technologies  |  B–7 

Ref: 39159-104 .  

GBP645 million. When this is further coupled with a steep decline in the number of new voice lines 

for customers served from the exchange through 2028, the NPV for the VoBB migration option 

reaches GBP739 million topping the second-best MSAN migration result.  

However, it is important to note that broadband users regularly upgrade their routers either through 

churn or through choice (e.g. to get improved Wi-Fi functionality). This means that the VoBB 

migration capex associated with the provision of new RGW with ATA port at customer premises 

could in reality be lower than that assumed in our fixed voice migration models.  

Examples of successful VoBB migration strategies involve markets that are quite different from the 

UK. An example discussed in the case studies section of this report showcases Macedonia, the first 

all-IP European market.  

C.2.2 MSAN option  

We compared the NPV of the MSAN migration option’s future costs against the baseline option for 

the very same migration profiles described in the VoBB option modelling results section:  

 aggressive  

 moderate  

 slow  

Since the MSAN-based migration does not require any changes to be made at the customer’s premises 

and since the regulatory requirement for the battery back-up is relevant only for the VoBB option, the 

timing of the migration is what affects the attractiveness of the MSAN option most when compared 

against sustaining. As presented in Figure C.4, the most favourable is the fastest migration scenario, 

where the NPV of the future costs of MSAN option compared against the baseline exceeds 

GBP1 billion.  

Figure C.4: Modelling results associated with MSAN migration strategy [Source: Analysys Mason, 2014] 

 Unit Aggressive Moderate Slow 

Optimistic and 

pessimistic scenarios 
GBP million 1,008 652 483 

The slower the migration, the lower the relative NPV. This is because both legacy PSTN and NGN 

voice have to be maintained for a longer time, adding additional opex. However, power consumption 

is higher in the case of MSAN when compared against VoBB, again due to the fact that under the 

MSAN scenario both DSL and POTS cards use power.  

The cost of re-sizing of street cabinets to accommodate the MSAN as well as the existing DSLAM 

has not been factored into the above calculation. In those cases where the re-sizing of street cabinets 

would be necessary, the MSAN migration option would be less favourable than what is implied in our 

modelling results. 
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Annex D Transition modelling approach for mobile 

networks and modelling results  

We have designed an economic model to analyse the impact on the business case of different 

timescales and other choices for the migration of mobile voice services to next-generation voice 

services. We have considered five options: 

 Option 0: Voice through CSFB – This option consists in using CSFB to provide voice services 

for the entire duration of the business plan, i.e. no capabilities for voice over LTE.   

 Option 1: Gradual deployment of VoLTE with CSFB for voice – This option consists in using 

CSFB and VoLTE with SRVCC, with a gradual migration of LTE customers to VoLTE over the 

length of the forecast period, and maintenance of the legacy networks for CSFB support. 

 Option 2: Native VoLTE – This option considers a more aggressive VoLTE strategy. There is no 

SRVCC support, but some CSFB as an interim solution while all non-VoLTE subscribers are 

migrated to VoLTE handsets. This migration takes place both “naturally” (through handset 

upgrades at the end of contract cycles) and (at a specified point) as a forced migration with 

replacement handsets subsidised by the operator. There is also a 2G network switch-off and 

spectrum refarm under this option, enabled by the forced migration. 

 Option 3: Managed voice services via an application – Voice services are provided via an 

application on the subscriber’s LTE terminal, with the operator retaining control of the routing of 

voice calls.  

 Option 4: OTT voice services – Voice services are provided through a third-party OTT provider, 

using an application on the subscriber’s terminal. In this case, the mobile operator does not 

control the routing of voice calls. 

The model is based on the UK telecoms market and focuses on a hypothetical, rational operator 

seeking to minimise the NPV of the future costs. The model incorporates relevant demand-side and 

supply-side historical data for the last year, and includes a 15-year forecast of relevant variables, 

including demand for voice subscriptions.  

Parameters inputs to the model are outlined in the Control sheet worksheet. The key output of the 

model is the comparative NPV of costs associated with Option 0 and the other four options, i.e. the 

comparative cost of each optional scenario to that of Option 0. The model inputs and outputs are 

summarised below. 

Figure D.1: Inputs and outputs of the mobile voice migration model [Source: Analysys Mason, 2014] 

Model inputs  Model outputs  

Key parameters:   NPV of future costs for baseline option and 
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 VoLTE coverage (% of total LTE subscribers) 

 VoLTE deployment period 

 % of subsidised subscriber devices 

 % of high-end vs. low-end devices 

 Unit capex assumptions for each of the 

scenarios 

 Operational assumptions applying to each of the 

options, such as: staff wages, vendor 

maintenance cost, MNO maintenance cost, etc. 

 Operating costs for each of the five options  

Subscriber forecasts:  

 Total LTE voice subscribers in the UK 

 Operator’s market share 

Options 1–4  

 Capex and opex for baseline option and Options 

1–4 

For all options, market demand is modelled using a forecast which assumes different growth rates and 

market shares for the four UK operators (EE, O2, Vodafone and Three). Although the model allows 

the selection of any of these operators, it would not be realistic for EE to pursue Options 2, 3 or 4 as 

the operator is already providing CSFB-supported voice services to an established LTE subscriber 

base. We therefore chose O2 as the basis of the subscriber forecasts for the financial modelling to 

allow comparison on an equal basis, as only greenfield operators can realistically pursue all of the 

four migration options considered in this report.   

All options are assumed to have the same LTE network coverage, equal to the legacy footprint. 

We used a combination of different internal and external sources to derive the model inputs, including 

Ofcom’s UK Communications Market reports and Analysys Mason’s forecasts of 4G adoption rates 

in the UK. We also supported our modelling by engaging in a series of discussions with network 

procurement specialists (again, both in-house and external) to verify the opex and capex assumptions 

for each of the scenarios. 

Modelling results 

We modelled each of the options as described above, to calculate a net present value figure for each, 

comparative to that of Option 0. Our findings are summarised in Figure D.2 below. 

Figure D.2: Comparative NPV by option [Source: Analysys Mason, 2014] 

 Option 0 Option 1 Option 2 Option 3 Option 4 

Description CSFB only CSFB and 

SRVCC 

CSFB and 2G 

switch off 

Managed 

voice app 

3
rd

 party app 

only 

Parameters - VoLTELTE 

launch 2014, 

10% SRVCC 

uptake 

100% VoLTE 

uptake 2021, 

2G off 2022, 

spectrum 

refarm 

- - 

Comparative 

NPV 

GBP0 -GBP986m -GBP390m GBP182m GBP854m 
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Figure D.3 below shows an overview of the total costs of each option, discounted over the forecast 

period (2014–28). These results are described in further detail in the following subsections.  

  

Figure D.3: Total 

cumulative 

discounted costs for 

all options [Source: 

Analysys Mason, 

2014] 

 

 

  

Modelling results: Option 1 

This scenario is the least favourable economically with an NPV of –GBP986 million, namely because 

it incorporates the additional costs of CSFB and SRVCC and does not involve a 2G network shut off, 

missing out on the associated cost savings.  

In modelling this option, the incremental number of annual subscribers is divided into VoLTE and 

CSFB subscribers. Over time, there is a gradual migration to VoLTE as an increasing proportion of 

the new LTE subscribers is assumed to take VoLTE handsets, and additionally, an increasing 

percentage of CSFB users upgrade to VoLTE on renewal of their contracts. We assume that 10% of 

VoLTE customers also opt for handsets with SRVCC support (to start with this figure is low because 

few handsets support SRVCC; later, SRVCC may be less useful due to better LTE coverage). 

The predominant cost in this option is that of the VoLTE handsets, but the operator also has to bear 

the financial burden of maintaining the two networks for the duration of the forecast period, unable to 

achieve any savings through network consolidation as this option does not model a spectrum refarm. 

The default position for the model is to have the migration occur gradually over the forecast period 

(2014–28). This means that by the effective “end year” of this natural migration, 100% of new LTE 

customers take a VoLTE handset. A more rapid migration increases costs as it leads to earlier subsidy 

in relation to VoLTE-capable subsidised handsets and greater capex and opex requirements for 

SRVCC and IMS assets in the core network. A three-year reduction in the migration period increases 

the discounted cost of this option by 5% (GBP45 million). 
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Modelling results: Option 2 

This option set outs to achieve a move to VoLTE on a more aggressive schedule. Here, the operator 

does not invest in SRVCC as the intention is to switch off the 2G network as soon as is practically 

possible, instead provisioning only CSFB as an interim solution while aiming to achieve 100% 

VoLTE take-up among new subscribers much sooner than in Option 1. At this point, the operator 

switches off the 2G network, forcibly migrating any users not yet on the VoLTE platform. Also, this 

option sees the migration of a certain percentage of CSFB users to VoLTE handsets naturally upon 

renewal of their contract. The result of this scenario is an NPV of –GBP390 million.  

 

 

Figure D.4: 

Cumulative cost 

profile for Option 2 

[Source: Analysys 

Mason, 2014] 

The key sensitivity for this option relates to timing: the operator taking this option needs to time the 

migration of users and switch-off of the 2G network correctly in order maximise value. For example, 

if the 2G network is switched off too soon, the higher cost of subsidising the forced migration of 2G 

users far outweighs the benefit of cost savings enabled by the switch-off: changing the switch-off year 

from 2022 to 2017 almost quadruples the cost of this option, decreasing the NPV to -GBP1.22 billion.  
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Figure D.5: 

Discounted VoLTE 

handset costs by 

migration year 

[Source: Analysys 

Mason, 2014] 

 

Figure D.5above shows the spike in handset costs for different migration years, showing how the 

overall cost is greater if the migration is implemented too soon.
57

 On the other hand, it is notable that 

a slightly more favourable NPV of -GBP301 million can be achieved by combining an extended 

period of this “natural migration” with a later shut-off point for the 2G network, as shown in Figure 

D.6 below. 

 

Figure D.6: NPV by 

migration year for 

Option 2 [Source: 

Analysys Mason, 

2014] 

 

                                                      
57

 Note that the dip in costs at 2015 is caused by the fact that the model is set to a 2-year subscriber contract cycle, meaning 

that as the service is hypothetically launched in 2014, there are no users upgrading from CSFB until 2016. 
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By  striking the right balance between allowing more users to move naturally to VoLTE and 

switching off the 2G to refarm spectrum, the operator can both save on the costs of a subsidised 

migration and achieve savings by refarming spectrum. Nevertheless it is striking how the optimum 

cost level is reached with a very slow move to the forced migration. 

Modelling results: Option 3 

This option sees the implantation of an application-based managed voice services, involving network 

upgrades to enable the prioritised switching of voice data packets. The capex involved in this solution 

is very similar to that of Option 0, as the softswitch upgrades required are relatively inexpensive 

compared to the capital-intensive investment of the previous two options. However, subsidised (non-

VoLTE) handsets costs remain as the bulk of the cost profile. 

 

Figure D.7: 

Cumulative cost 

profile for Option 3  

[Source: Analysys 

Mason, 2014] 

 

The savings in this scenario are driven by the reduced operating costs. Opex is far lower because the 

cost of maintenance and incremental cost per user involved with soft switches is much lower than that 

of adding ports on the MSC or IMS capacity for new subscribers. Also, VoLTE-capable devices are 

not required, saving the operator subsidy costs. These factors make this scenario more favourable 

economically than any of the previous options, with an NPV of GBP182 million. 

Modelling results: Option 4 

This option sees the operator relying on a third-party application to provide voice services over LTE. 

This is the modelled result with by far the most favourable NPV, which is to be expected as this 

option does not involve any of the voice platform-related investment or operating costs required in the 

previous three scenarios.  
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Figure D.8: 

Cumulative cost 

profile for Option 4 

[Source: Analysys 

Mason, 2014] 

The modelled implementation costs of this option are those of the mobile terminals and as such the 

only sensitivities are the handset prices and the take-up rate of LTE SIM cards. These can vary the 

NPV of the option over the given time period – e.g. with lower value for slower take-up – but the 

actual value of this option is in the absence of any substantial capital investment. 

As modelled, the NPV of this option is GBP854 million, which is driven by the capex savings and the 

lack of any additional opex when compared to Option 0. However, the risk to voice revenues in this 

scenario is severe. 

Sensitivity of the results to handset-related assumptions 

As the price of handsets makes up the bulk of the costs for all of our scenarios, we have looked at the 

effects of changing the parameters defining the unit costs of a handset on the overall results. 

 Handset contract length. As a default, handset contract lengths are set to two years. Reducing this 

to 1.5 years has a significant effect on Option 1 as it means subscribers renew handsets more 

often, migrating more users naturally to the more expensive VoLTE within the forecast period. 

For this option, the change to a 1.5-year contract length means the NPV falls 19% (GBP184m), to 

–GBP1.17 billion. 

 VoLTE handset premium. As a default, the premium for VoLTE handset as a proportion of the 

cost of 4G terminals is 15%, decreasing to 5% by the end of the forecast period at a steady rate. 

Reducing this premium has a profound effect on the costs of Options 1 and 2, as the cost of 

VoLTE terminals makes up 90% of the cost profile for each option. Reducing the initial premium 

to 10% (decreasing to 5%) increases the NPV of Option 1 by 17% (GBP165m) and of Option 2 

by 88% (GBP183m). Notably for Option 2, combining this adjustment with a change in the 

natural migration period to 2024 and a 2G network shut-off in 2025, results in an NPV of  
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–GBP119 million. Finally, if the VoLTE handset premium was to fully disappear starting with 

2016, the NPV of option 2 would turn positive (GBP304m) even if the natural migration period 

remained the same as in the default scenario (2014-2021).  

It is clear that the costs of handsets and the fact that they are heavily subsidised weigh heavily on 

operators. If VoLTE handsets become more commoditised in the near future, which would contribute 

to reducing their price – or perhaps if operators can create alternative propositions for subscribers to 

alleviate the need for handset subsidies without risking alienating their subscriber bases – the cost of 

these more costly VoLTE migration strategies could be considerably reduced.  
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Annex E List of LTE-enabled smartphones 

Manufacturer Handset Figure 6.9: VoLTE 

enabled devices [Source: 

Analysys Mason, 2014] 
Samsung Galaxy S III LTE 

Samsung Galaxy S IV LTE 

Samsung Galaxy S V 

LG Connect 4G 

LG Motion 4G 

LG Optimus G 

LG Optimus LTE 

LG Spirit 4G 

Pantech Vega Iron 

Pantech Vega R3 

Pantech Vega R6 

Sony Xperia M35 

Samsung Galaxy S III LTE 

Samsung Galaxy S IV LTE 

Samsung Galaxy S V 

 

Manufacturer Handset Figure 6.10: LTE-enabled 

devices [Source: 

Analysys Mason, 2014] 
LG G2 

Samsung Galaxy Axiom R830 

Samsung Galaxy Exhilarate 

Samsung Galaxy Express (variants) 

Samsung Galaxy Mega 6.3 

Samsung Galaxy Nexus (variants) 

Samsung Galaxy Note (variants) 

Samsung Galaxy Premier 

Samsung Galaxy Rugby Pro 

Samsung Galaxy S Lightray 

Samsung Galaxy Stellar 

Samsung Galaxy Stratosphere II 

Samsung Galaxy Tab (variants) 

Samsung Galaxy Victory 4G LTE 

Sony Xperia GX SO-04D 

Sony Xperia Ion LTE 

Sony Xperia SP 

Sony Xperia SX SO-05D 

Sony Xperia T LTE 

Sony Xperia Tablet Z LTE 
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Sony Xperia V 

Sony Xperia Z 

Sony Xperia Z Ultra 

Sony Xperia ZL 

Sony Xperia ZR 

Sony Xperia Z1 

Sony Xperia Z1S 

Sony Xperia Z1 Compact 

Sony Xperia Z2 

HTC One-801s 

HTC Butterfly S-901s 

Huawei Ascend (variants) 

Huawei Huawei B series 

Huawei Huawei M920 

Huawei Huawei MediaPad (variants) 

Huawei Huawei Premia 4G 

Nokia Lumia 625 

Nokia Lumia 920 

Nokia Lumia 820 

Nokia Lumia 2520 

Nokia Lumia 925 

BlackBerry BlackBerry PlayBook 4G LTE 

BlackBerry BlackBerry Q5 

BlackBerry BlackBerry Q10 

BlackBerry BlackBerry Z10 

BlackBerry BlackBerry Z30 

LG Escape 

LG Intuition 

LG Lucid (variants) 

LG Nexus 5 

LG Optimus L7 4G 

TCL Alcatel ONE TOUCH ScribeHD-LTE  

TCL Alcatel Pop S3 

TCL Alcatel Pop S7 

TCL Alcatel Pop S9 

 

 


