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1. Introduction 
This contribution discusses the issues related with FDD/TDD intra RAT.
In a related paper, we discuss the issue FDD/TDD interRAT handover and ISR. Please see S2-121311 and S2-121312.
2. Discussion

2.1 WG Status summary 

In SA2 #89, SA2 agreed (S2-121152) that the MME sends UE Radio Capability Match Request to the eNB to determine whether voice service continuity is guaranteed or not. The eNB responds after checking UE Radio capability based on 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-xDD UE can have different SRVCC capabilities for FDD/TDD, i.e the UE is IOTed from the FDD LTE to FDD GERAN SRVCC but the UE is not IOTed from TDD LTE to FDD GERAN SRVCC. 
RAN2 #77bis discussed  split FGI bits for VoLTE capability over FDD/TDD UTRAN, VoHSPA over FDD/TDD LTE. RAN2 did not reach a conclusion yet. 

2. Discussion
According to RAN plenary decision, the dual-xDD UE can have different capabilities for FDD/TDD. 
	FGI Index 
	
	FDD 
	TDD 

	9 
	- EUTRA RRC_CONNECTED to GERAN GSM_Dedicated handover 
	1 
	0 

	27 
	- EUTRA RRC_CONNECTED to UTRA CELL_DCH  CS handover 
	1 
	0 


When the dual mode UE has the split capabilities, the intra RAT handover from FDD/TDD may cause the change of UE Radio Capability Match as seen in the figure 1.
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This implies that in a supported deployment, the following may be the case: The network uses GERAN SRVCC and VoLTE for the voice solution and the UE is IOted from FDD_LTE to GERAN SRVCC but is not IOTed from TDD_LTE to GERAN_SRVCC. 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 or the TA list of the UE. Because the target is LTE-TDD and the UE is not IOTed from LTE_TDD to GERAN SRVCC, the response for the radio capability match request results in “No” in the target cell. Hence, a different VoIMS indicator should be sent to the UE after handover. But since the source and the target cell are in the same TA or the TA list of the UE, the UE will not perform TAU. Therefore, the MME cannot notify the correct VoIMS indicator to the UE. 
To solve the above issue, two configuration-based solutions are possible.

Solution A - TA is configured not to include both FDD and TDD cells

Solution B - When TA is configured to include both FDD and TDD, the operator configures the eNB to check both FDD and TDD capability and responds 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 FDD LTE and TDD LTE, the eNB gives the answer “matched” to the MME.  

Solution C – When handover happens, the target eNB checks whether the source cell and the target cell use the same duplex mode or not (i.e. the source is FDD cell and the target is TDD cell or vice versa). If the target eNB finds that the source and the target use the different duplex modes, the target eNB notifies to the target MME that the UE radio capability match value may change using handover request ack or path switch request message. Then, the target MME performs UE radio capability math procedure after handover, and if VoIMS indicator to the UE should change, the MME notifies it to the UE using EMM information message. 
The solution A is simple but when the macro is TDD-LTE cell and the pico/femto is FDD-LTE cell and they are in the same TA, frequent TAU is unavoidable. 
The solution C has the protocol impact but allow sVoLTE for the UE that supports some capabilities for FDD only or for TDD only. 
Because the solution A cause the frequent TAU and the solution B causes the NAS protocol impact, we suggests the solution B that is not complex and has no NAS protocol impact. But, when pico/femto uses the different TA id from the macro, the UE which does not have the pico/femto in its TA list also cannot use the VoIMS in some cases as seen in figure 2. Also, when some UE includes ePLMNs of using the different duplex mode from the registered PLMN and other UE does not include that kind of ePLMNs, some UEs cannot use VoIMS as seen in figure 3. 
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In figure 2, the macro and femto/pico uses the different duplex mode and the femto/pico uses the different TA id. Also, some of UEs includes the femto/pico TA is in its TA list and other UEs do not include femto/pico TA in its TA list. For this case, the UE does not include femto/pico. For this case, because the eNB does not know TA list of the UE, the eNB checks the UE radio capability both for FDD and TDD and returns a “matched” response only if the UE supports the capability both for FDD and TDD. This prevents the UE from use of VoLTE even if the UE that does not have TA id of pico/femto. 

Proposal-1 : the MME can provide the TA list for the deployment in Figure 2 in UE Radio Capability match Request. If the MME provides the TA list and the eNB finds that the the TA list includes both FDD and TDD, the eNB checks the UE radio capability for FDD and TDD cells.

A similar situation arises in Figure 3. UE 1 has ePLMN = (PLMN A, PLMNB) and TA list (TA1,2) and UE 2 has ePLMN=(PLMNA,B) and TA list (TA1,3). For UE 1, FDD capability does not need to be checked. For UE 2, both FDD and TDD capability should be checked. If the eNB checks the UE radio capability both for FDD and TDD and gives “matched” response only if the UE support the capability both for FDD and TDD. This disables the UE1 to use VoLTE even if the UE that does not have TA id of pico/femto.

Proposal-2 :  If the eNB determines that ePLMNs include both FDD and TDD cells, the eNB checks the UE radio capability for FDD and TDD cells.
For the proposal-1 and Proposal-2, we suggest the change in S2-121274.

Figure 1 Sceanrio1- UE Radio Capability Match request/response during handover from FDD/TDD in theta list of the UE
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Figure 3: ePLMNs use the different TA and duplex mode 
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Figure 2 :Pico/Femto uses the different TA
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