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1   Introduction
This contribution discusses issues related with the voice support match indicator for TDD/FDD cells.
In SA2 #89, SA2 agreed (S2-121152) that the MME sends UE Radio Capability Match Request to the eNB in order to determine whether the voice service continuity can be guaranteed or not. The eNB responds with voice support match indication after checking the UE Radio capability and the voice solution that PLMN uses for voice call continuity, e.g. VoLTE + SRVCC or VoLTE+VoHSPA.

In RAN Plenary #55, it was decided that a dual duplex UE (i.e., supporting both TDD and FDD) can have different SRVCC capabilities for FDD/TDD. For example, a UE is tested for SRVCC from FDD LTE to FDD GERAN while the UE is not tested for SRVCC from TDD LTE to FDD GERAN. In this case, the UE cannot use VoIMS within the TDD LTE coverage.

2   Discussion
According to the decision of RAN plenary, the dual duplex UE can have different capabilities for FDD/TDD, as follows.
	Index of indicator (bit number)
	Definition

(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	9
	- EUTRA RRC_CONNECTED to GERAN GSM_Dedicated handover
	- related to SR-VCC

- can only be set to 1 if the UE has set bit number 23 to 1
	
	Yes

	27
	- EUTRA RRC_CONNECTED to UTRA CELL_DCH  CS handover
	- related to SR-VCC

- can only be set to 1 if the UE has set bit number 8 to 1
	
	Yes


In some network deployments, a TA (or TAs in a TAI list) may have both TDD cell(s) and FDD cell(s) at the same time. When the dual duplex UE has the split capabilities for SRVCC, the intra RAT handover among FDD/TDD cells may cause the change of UE Radio Capability Match as seen in the figure 1.
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Figure 1 Intra RAT handover between TDD/FDD cells

This implies that in some deployments, the following case may be possible: The network uses SRVCC to GERAN and VoLTE for the voice solution and the UE is tested for SRVCC from FDD_LTE to GERAN but is not tested for SRVCC from TDD_LTE to GERAN. When the UE is in an LTE_FDD cell and performs a TAU, the eNB checks the UE radio capability of the FDD and returns a matched response to the MME. After that, the UE is handed over to an LTE_TDD cell in the same TA. Because the target is LTE-TDD and the UE is not tested for SRVCC from LTE_TDD to GERAN, the response for the radio capability match request would be “No” in the target cell. Hence, the VoIMS indicator should be changed for the UE after the handover. However, since the source and the target cells are in the same TA, the UE will not perform TAU. Therefore, the MME cannot notify the correct VoIMS indicator to the UE and the voice service continuity for the UE may not be supported correctly.

To solve the above problem, following solutions can be considered.

· Solution A – TA (or TAI list for a UE) is configured not to include both FDD and TDD cells at the same time.

· Solution B – When handover happens, the target eNB checks whether the source and the target cells use the same duplex mode or not. If the target eNB finds that the source cell uses a different duplex mode, the target eNB notifies to the target MME that the UE radio capability match value may change by using handover request ack or path switch request message. Then, the target MME performs a UE radio capability math procedure after handover, and if VoIMS indicator to the UE should change, the MME notifies it to the UE by using an explicit EMM information message.

· Solution C - When TA (or TAI list for a UE) is configured to include both FDD and TDD cells, the operator configures the eNB to check both FDD and TDD capabilities and respond with a “matched” answer to the MME only if the UE supports the capability both for FDD and TDD. For example, only if the UE supports SRVCC to GERAN from both FDD LTE and TDD LTE, the eNB gives the answer “matched” to the MME.
· Solution D - The MME includes the TAI list allocated to the UE in the UE Radio Capability match Request. If the eNB finds out that the TAI list includes both FDD and TDD cells, the eNB checks the UE radio capability for both FDD and TDD, for deciding voice support match indicator. If the eNB finds that the TAI list includes only FDD or TDD cells, the eNB only checks the the UE radio capability for FDD or TDD cells.
The solution A is simple but it restricts the freedom of TA configuration and may increase the frequency of TAU. For example, when the macro cell is based on TDD-LTE and the pico/femto cell is based on FDD-LTE, frequent TAU is unavoidable for the UE located at the macro-pico/femto boundary. 

The solution B allows VoLTE for the UE that has a capability only for either FDD or TDD but has a big protocol impact.

Solution C has no protocol impact however it has problems as shown in Figure 2 and Figure 3. 
In figure 2, two LTE cells support different duplex mode and are contained in the different TA. TA1 contains TDD cells only whereas TA2 consists of FDD cells. UE1 has a TAI list = (TA1) whereas UE2 has a TAI list = (TA1, TA2). For the UE1, when the eNB decides a voice match indication, the eNB shall consider TDD capability only, because the UE1 is allocated TA1 (having TDD cells). On the other hand, for the UE2, the eNB shall take into account of both TDD and FDD capabilities, because UE2 has TAs including both TDD and FDD cells.
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Figure 2. Case with UEs having different TAI list

A similar problem can arise when the macro cells and pico/femto cells coexist. In figure 3, the macro cell and femto/pico cell use the different duplex mode and the femto/pico cell uses the different TAI from the macro cell. Also, some of UEs (namely UE2) include the TA for femto/pico cell in its TAI list and other UEs (namely UE1) do not include TA for femto/pico in its TAI list. In this case, if the eNB does not know TAI list of the UE, the eNB would check the UE radio capability wrongly. That is, the eNB may send “matched” response for the UE1 only if the UE1 supports the capability both for FDD and TDD, even though the UE1 is not required to support TDD actually within cells in its TAI list. This may prevent the UE1 from the use of VoIMS unnecessarily. To avoid this, the eNB shall be able to consider the TAI list allocated to the UE when it decides voice support match indicator.
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Figure 3. Case where macro and femto/pico cells coexist

Someone might think that if the deployment has a full FDD LTE coverage and the eNB decides the voice support match indicator based only on the FDD capability without considering TAI list for the UE, there will be no problem. However, in that case, the UE camping on a TDD femto/pico cell may misunderstand that it can use VoIMS and initiates the VoIMS procedure, even though the UE is not tested for SRVCC from TDD cells in fact. Therefore, TAI list should be considered during the procedure.

Solution D can solve the problems in solution C. The only change is to add TA list to UE Radio Capability Match Request message. Considering UE Radio Capability Match procedure need to be added in Rel-11 anyway and it has no other protocol and procedure impact, solution D is the best way forward.
Proposal: The MME can include the TAI list allocated to the UE in the UE Radio Capability match Request. If the eNB finds out that the TAI list includes both FDD and TDD cells, the eNB checks the UE radio capability for both FDD and TDD, for deciding voice support match indicator. If the eNB finds that the TAI list includes only FDD or TDD cells, the eNB only checks the UE radio capability for FDD or TDD cells.
3   Conclusion
This contribution reviewed the history of UE AS/NAS SRVCC capability mismatch and UE SRVCC capabilities for FDD/TDD discussion. The new issues arise with the split of the UE SRVCC capability for FDD and TDD. After analysing various solutions for solving the problem, it is proposed RAN3 to agree the following proposal and the corresponding CR in [3].
Proposal: The MME can include the TAI list allocated to the UE in the UE Radio Capability match Request. If the eNB finds out that the TAI list includes both FDD and TDD cells, the eNB checks the UE radio capability for both FDD and TDD, for deciding voice support match indicator. If the eNB finds that the TAI list includes only FDD or TDD cells, the eNB only checks the UE radio capability for FDD or TDD cells.
4   Reference
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