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1 Introduction

As per the current requirements LTE is an efficient packet only network and only supports voice over packet using IMS.  This however implies that the handover is intrinsically only possible between packet networks.  This can be considered sufficient for handover to non-3GPP access technologies, as well as for handover to UTRAN or GERAN, provided that RT services (e.g. voice) are efficiently supported over the PS domain in these access networks.  However, additional functionality is required if handover to GSM CS is required (e.g. if VoIP in GERAN is not supported).

This contribution looks first at the requirements for voice handover from LTE to GSM/CS, suggests some constraints for the feature and also introduces some possible solutions.  It also proposes a way forward on the feature. 

2 Discussion

LTE is designed as an efficient and fast packet only system.  There has been a clear motivation to keep it as simple as possible and avoid unessential features and options.  The requirements for voice call continuity to CS domain must be evaluated in this context.

We first look at what is supported (or expected to be) as per current LTE requirements and then its limitations and what additional requirements are necessary.

2.1 Existing support

3GPP is finalizing the Voice Call Continuity (VCC Rel-7) feature that supports transfer of voice calls between CS and PS domains. However, VCC Rel-7 today requires simultaneous access of CS and PS networks and the current LTE requirements do not provide simultaneous access of LTE and GSM/UMTS. Hence VCC Rel-7 cannot be directly applied for handover between LTE-PS and GSM/UMTS-CS.  

However, it is still possible to use VCC Rel-7 to transfer the call from LTE-PS to UMTS-CS or subsequently to GSM by using UMTS-PS as an intermediate step.    This solution is applicable only for operators having both GSM and UMTS.   This also requires that the UMTS network supports VoIP but this can probably be assumed by the time LTE is deployed.

Another option is to handover to VoIP over GERAN and subsequently transfer the call to CS within GSM.  This may also be sufficient even if VoIP support is not efficient in GERAN since the VoIP over GERAN is only used for a short duration during the transition to GSM CS.

Additionally, the interruption time introduced by VCC Rel-7 for such a handover must be studied to verify it meets the existing requirements for HO interruption time.

2.2 Need for Service Continuity between IMS-SAE/LTE and CS domain

For GSM only operators (without deployed UMTS network) the intermediate step through UMTS is not a viable option.  If this is seen as a market need by operators, and since it is unlikely that operators will deploy LTE nationwide, some means for handover from LTE to CS voice beyond what was discussed above may need to be supported.

Similarly, one can also expect that some operators may not deploy VoIP over UMTS but only over LTE.  Even though this may be less likely than GSM only operators, it is beneficial if solutions for GSM-CS are also applicable for handover to UMTS-CS. 

However, the same reasoning cannot be applied to motivate a CS to LTE-PS mode handover.  But there may be other motivations such as simultaneous access of voice and high-speed data that might necessitate the handover from GSM/UMTS-CS to LTE-PS.  However, in most cases, it may be sufficient to use the lower data rate offered by GSM/UMTS without the need for HO to LTE.

However, the above requirement must be seen in the context of the prime motivation for LTE/SAE, which is to provide a simple and fast packet only network. Hence careful consideration is needed on what exactly is required for the market; for example, is only LTE-PS to GSM/UMTS-CS sufficient and not the other way round?

Additional complexity and performance impact from the requirement must be also considered and this is discussed in more detail below.

2.2.1 Additional requirements for voice call handovers

LTE system must not be burdened with the need to support voice call continuity.  In this context if a requirement for voice call continuity from LTE to GSM/UMTS CS is felt necessary, the following additional requirements should also be considered:

1) Since not all LTE operators will be interested in voice call continuity from LTE-PS to GSM/UMTS-CS, this must be standalone feature in that it should be possible not to have to implement any of it for LTE only systems that do not need this Handover function.

2) Additionally, the feature should introduce almost no additional complexity and performance impact for LTE only or LTE/UMTS packet mode operations that do not use this feature.

3) Implementing this feature in LTE should have minimal impact on the LTE-PS mode of operation in terms of performance and complexity. 

4) To meet the above requirements, some changes to the GSM network must be considered acceptable also for a HO from LTE to GSM. However, attempt should be made to minimize the changes required. 

5) Solution chosen should be common for HO to GSM-CS and UMTS-CS.  This is required to minimize overall system complexity.

6) Overall system complexity should be minimized and multiple optional solutions should not be considered.

The following sections list some of possible solutions that should be evaluated to meet the above requirements.

2.3 Discussions on possible solutions

Several solutions and deployment/configuration options are possible for the support of voice call continuity between LTE-PS and GSM/UMTS-CS if the existing solutions identified earlier are not considered sufficient.   Some of them are listed below.

1) Dual radio supporting GSM/UMTS and LTE.  This option would be simplest to support from the network side but is not the most desirable option from the mobile side.

2) Only support voice calls over GSM/UMTS in the initial days of LTE until coverage is adequate.  This may not be acceptable for operators. Besides, this solution will also require additional functionality to ensure all voice calls are moved to GSM/UMTS.

3) Inter-MSC Handover solution with anchor MSC in EPC (as captured in TR 23.882)

4) Call Re-establishment on Domain Transfer (CreDT) (as captured in TR 23.882)

5) An evolution of VCC Rel-7 to enable usage of a single radio.

6) LTE/SAE can be used to relay the initial signalling messages to GSM/UMTS MSC from the MME similar to the Gs interface to provide a minimal control plane establishment between the UE and GSM/UMTS-MSC.  CS bearer is not established over LTE radio but only over UMTS-CS or GSM after the HO. 

Of course other solutions are also possible. While it may be possible to rule out some of the solutions immediately, clearly, other solutions need further discussion to identify the feasibility and complexity.  

2.4 Proposal on the way forward

The solutions mentioned above and other alternate solutions impact multiple working groups. However it is important to minimize interaction and number of joint meetings to progress the work quickly.   Since many of the solutions identified above involve the CN or VCC-like solutions, it is proposed that SA2 evaluate VCC-related solutions for an initial assessment of the different options in terms of feasibility and complexity.  SA2 can request help from GERAN/RAN WGs where required.  Joint discussions can be held after the initial evaluation. 

3 Summary and conclusion

The contribution discussed the requirement for voice call continuity between LTE-PS and GSM/UMTS CS.  It also looked at what is possible today within the existing standards.  The requirement should be discussed within the context of minimizing additional complexity.  

If it is felt that such a feature is required, it is proposed to also agree on the additional requirements listed in section 2.2.1. 

It is also proposed that SA2 initiate an evaluation of the solutions for feasibility and complexity, after elimination of the solutions that can be done at this meeting, either as part of the existing SAE WI or as a separate WI.  
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