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Working Assumptions for LTE-GERAN handovers for real-time services
This contribution addresses the issue of handover of real-time services between GERAN and LTE, and in particular the problem of moving voice calls from one system to the other one.
Voice calls in GERAN are supported in the CS domain. On the other hand in LTE no CS bearers are going to be defined, and VoIP solutions will be adopted to support voice calls. This implies that some specific solutions are needed to allow seamless handover of a voice call through the two different systems. Some possible Working Assumptions are therefore highlighted in this contribution, showing some suggested ways to solve the problem.
1. LTE -> GERAN HO of real-time services

Handover from LTE to GERAN is probably the one with highest priority. This includes handover of real-time services like voice calls (but possibly also video calls). Since voice calls are realized in the PS domain in LTE, while they are usually supported in the CS domain in GERAN, it needs to be discussed which kind of solution is expected to support service continuity in this case.
Two approaches are possible:

1. An LTE -> GERAN PS handover solution is defined. After the handover to GERAN is complete, the voice call continues in the PS domain

2. An LTE -> GERAN “inter-domain” handover solution is defined. After the handover the voice call continues in the CS domain.

The first solution is more straightforward. It can make use of the PS Handover GERAN feature (introduced in Rel-6) with almost no modifications. But then it requires the deployment of other GERAN features to allow the Support of Conversational Services in A/Gb mode, i.e. the Latency Reduction features which are being standardized in Rel-7.
The second solution has the advantage of finally reusing a well-established technology (i.e. GSM CS bearers), but it is not completely clear at the moment how the “inter-domain” handover would work. It is expected that some sort of (modified) VCC functionality would be used. In any case, considering the possible additional requirement to have single radio UEs, it is quite likely that a 2-steps approach will have to be considered, where a LTE -> GERAN PS Handover is performed first, and then a “GERAN internal PS->CS HO” is realized.  If this is the case, the second solution would require the deployment of all the features needed for the first solution (i.e. PS Handover and Latency Reduction features) plus the mechanism to provide inter-domain handovers in GERAN.
Considering this, it is here suggested that the solution to realize LTE -> GERAN Handover of real-time services could be simply based on the already defined PS Handover GERAN feature, plus the implementation of the Latency Reduction features under standardization for Rel-7 in GERAN, with no need to mandate the support (in the networks and in the terminals) of (modified) VCC functionalities.
2. GERAN -> LTE HO of real-time services

Handover of real-time services from GERAN to LTE, and in particular handover of voice calls in such direction, is probably less urgent and in general it is believed that the tradeoff between benefits and complexity should be assessed before defining specific solutions for this scenario.
In case it is deemed necessary to provide handover of voice calls from GERAN to LTE an “inter-domain” handover solution would be necessary. 
Again, taking into account the requirement for single radio UEs, it is believed that a 2-steps approach will probably have to be considered, where a “GERAN internal CS->PS HO” is performed first, and then a GERAN -> LTE PS Handover is realized.
This approach requires the support of the following standardized features, in the GERAN and in the terminals:

· DTM functionality, to establish (in the make-before-break assumption) the PS branch before detaching from the CS domain
· Latency Reduction functionalities, to sustain the real-time flow while still in GERAN

· PS Handover to finally perform the handover between GERAN and LTE

In addition, a new mechanism to provide inter-domain handovers in GERAN (e.g. some modified VCC functionality) would have to be defined. 
Another related issue is linked to the specific (GSM) mode where monitoring of LTE cells needs to be provided. As extensively discussed in [1], monitoring of LTE cells while in dedicated mode (i.e. when the voice call is still supported in the CS domain) seems always feasible, while the same task during packet transfer mode (i.e. when the voice call is temporarily supported in the GERAN PS domain) could be more difficult in some configurations. 

The preliminary assumption is that – in case of handover of voice calls from GERAN to LTE – monitoring of LTE cells only needs to be performed while in dedicated mode.
3. Conclusions

Some preliminary considerations regarding the handover of real-time services between GERAN and LTE have been provided.

As a result, a few Working Assumptions are proposed as a basis for future activity in this area:

· To realize LTE <-> GERAN Handover of real-time services, the deployment of GERAN features like PS Handover and Latency Reduction (being standardized in Rel-7) is a pre-requisite.

· In case it is not needed to provide handover of voice calls from GERAN to LTE, an “inter-domain” handover solution is not strictly needed. To realize LTE -> GERAN Handover of real-time services, an LTE -> GERAN PS Handover solution could be defined. After the handover, the voice call continues in GERAN in the PS domain.

· In case it is felt necessary to provide handover of voice calls from GERAN to LTE, a 2-steps “inter-domain, inter-system” handover needs to be defined: 

· 2G -> 2G CS/PS HO and then 2G -> LTE PS HO, in the GERAN -> LTE scenario 

· LTE -> 2G PS HO and then 2G -> 2G PS/CS HO, in the LTE -> GERAN scenario 
This also needs the deployment of DTM in the GERAN. 
· In case of GERAN to LTE handover of real-time services, monitoring of LTE cells only needs to be performed while in dedicated mode.
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