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1
Introduction
In RAN2#75 and RAN2#75bis meeting, it had been discussed how to handle FDD and TDD capabilities and FGIs in case UE supports different set for each mode. In this contribution, we summarize different options and propose most reasonable option.  

2
Discussion
2.1
Capability handling during IDLE mode Mobility
2.1.1
I-0) FDD eNBs and TDD eNBs are connected to different MMEs
In case FDD eNBs and TDD eNBs are connected to different MMEs, UE radio capabilities are not transfered during the IDLE mode mobility between two MMEs. Therefore, target MME will not have UE radio capabilities and thus will not provide them when UE establishes RRC Connection. As a consequence, eNB will acquire UE radio capabilities from UE and thus have up-to-date capabilities of the mode of system in hand. 
Thus if UE supports different set of capabilities for FDD mode and for TDD mode, it should make sure that the correct set of capabilities are provided depending on the mode of system where UE is requested for capabilities
Observation 1: No major impact to the specification is expected except only possibly a clarification that UE provides capabilities of the mode (i.e, TDD or FDD) depending on the mode of the eNB requesting UE capabilities.
2.1.2
FDD eNBs and TDD eNBs are connected to a common MME

However, mandating a separate MME per eNB mode may be quite big restriction in network deployment scenario. Especially if one operator owns both FDD and TDD bands, having common MME for both FDD and TDD modes may need to be supported.

In this case, the following options may be considered:

I-1) Detach/Attach: If UE knows that it is in a cell in a different mode (than when it provided the UE radio capabilities last time) it triggers detach and attach. In this solution, as the UE does not have knowledge on whether it has moved within same MME or not when the mode has been changed, UE would need to always assume that it needs to perform DETACH/ATTACH when the camped cell mode changes:
I-2) TAU: If UE knows that it is in a cell in a different mode (than when it provided the UE radio capabilities last time) it triggers TAU to remove the UE capabilities in the MME. Simlarly to the solution I-1), as the UE does not have knowledge on whether it has moved within same MME or not when the mode has been changed, UE would need to always assume that it needs to perform TAU. However, this should not add any additional signalling because in case UE crosses MME border, UE will perform TAU in any case. 
I-3) eNB always asks UE radio capabilities: In case eNB knows that there are mixed mode eNBs connected to one MME by configuration and if UE radio capabilities received from MME include both FDD & TDD bands, eNB always re-acquires UE radio capabilities from the UE and ignores the capabilities provided by MME. In this solution, as eNB re-acquires the UE capabilities depending on whether it is connected to the same MME as eNB with different mode, this solution can be complementary solution to I-0). (i.e. different MMEs per mode) However, as this solution will increase the acquisition of UE capabilities directly from UE instead of receiving them from MME, the original intention of storing UE radio capabilities in MME will be diluted. Besides, eNB has to acquire UE capabilities during the RRC Connection Setup, this may increase the RRC Connection Setup time.
I-4) MME knows eNB mode: MME knows whether it received the UE radio capabilities from FDD eNB or TDD eNB. Then MME does not forward the UE radio capabilities to the eNB if the mode of that eNB is different than the eNB where it received the UE radio capabilities. This solution can be complementary solution to I-0). (i.e, different MMEs per mode) However as one MME can support many eNBs (e.g, some thousand eNBs), it is not desirable that MME has to remember the eNB features. Also for this solution, how MME knows the mode of eNB has to be decided, i.e, by O&M or by S1 signalling? Especially considering MME should be more radio agnostic, this solution is not desirable. 
I-5) Defining additional capabilities: RAN2 defines additional UE capabilities which may be different for FDD and TDD mode in the non critical extention container and for FDD/TDD UEs having different capabilities are mandated to report this extension part. In this solution, it has to be agreed on how to interprete the legacy part of UE capability coding and extension part. Which one is for FDD and which one is for TDD? Also it has to be decided which capabilities need to be duplicated. As this solution has to be mandatory for FDD/TDD UEs having different capabilities, this solution will dictate I-0). (i.e, different MMEs per mode)

I-6) Using radio capability independently for FDD and TDD: Consider FDD and TDD as independent RAT and UE is mandated to provide two sets of capability with additional RAT type similar in [1] in case UE has different set of UE capabilities for FDD and TDD. This solution will keep the FDD and TDD totally independent and supporting capabilities per FDD and TDD may evolve totally independently. Besides, as there are many UE capabilities which are mode independent (e.g, band combination) and are independent to FDD and TDD operational mode, many UE capabilities will be duplicated unnecessarily.
2.2
Capability handling during handover
Regardless the IDLE mode solutions, solutions for handover is required because UE radio capabilities are transferred from source eNB to the target eNB in the transparent container. (both for X2 HO and S1 HO) Thus in this case, MME does not have any role. However, the solution considered for connected mode may have impact to the solution that would be ideal for idle mode as well.
C-1) If FGI30=true, UE report the common sets of UE capabilities: In this solution, UE reports the minimum sets of UE capabilities which are supported and tested both in TDD and FDD modes in case UE supports different sets of capabilities in FDD and TDD mode. This means that once any network supports FDD-TDD handover, even the capability sets of either FDD or TDD alone will be dictated by the common set as UE has to provide the common capability set in case FGI30=ture. This solution will also solve the IDLE mode mobility as well. However, this solution has a clear drawback from operator deployment and UE point of view as the features that are deployed in dual mode FDD/TDD network would also dictate what kind of features dual mode UE may support everywhere else in the world. 
C-2) Detach/Attach: UE performs detach/attach in case UE has different capabilities and UE is handed over cross the FGG-TDD mode. As this will lose the service due to the detach and attach processes, this is not acceptable solution.

C-3) Minimum set of capability after Handover: After FDD-TDD handover, target eNB and UE start with minimum set of capabilities regardless reported capabilities. For this, RAN2 has to decide what are included in the minimum capabilities. There could be multiple options. (e.g, i) UE is mandated to support the same release and minimum set is agreed per release, ii) in case release for mode can be different, common sets for cross-release should be agreed, e.g, default configuration?) This solution can be used with I-0), I-1), I-2), I-3) and I-4)
C-4) Defining additional capabilities: RAN2 defines additional UE capabilities which may different for FDD and TDD mode in the non critical extention container and for FDD/TDD UEs having different capabilities are mandated to report this extension part. In case of handover, eNB can replace the FDD and TDD capabilities so that the legacy part of UE capability coding is corresponding to the current cell mode and extension part is for the other mode which UE supports.  This is the same (similar) solution as I-5) and thus for IDLE mode solution, I-5) can be used.
C-5) Using radio capabilities independently for FDD and TDD: Same solution as I-6)
2.3
Possible Combination of solutions

	Connected Mode
	IDLE mode
	Remarks

	C-1) If FGI30=true, UE report the common sets of UE capabilities
	For UE with FGI30=true, nothing is needed
For UE with FGI30 = faulse, I-0), I-1), I-2), I-3), I-4)
	As soon as UE supports FGI30=true, the supported UE capabilities for each mode may reduce and even supported and IOT tested features cannot be used any more.

	C-2) Detach/Attach
	I-0), I-1)
	This solution is not acceptable as call will drop at the every inter-mode handover.

	C-3) Minimum set of capability after Handover
	I-0), I-1), I-2), I-3), I-4)
	It has to be agreed which capabilities are belonging to minimum set of capabilities. And UE can set FGI30=1 only if it supports the capabilities belonging to the minimum set.

	C-4) Defining additional capabilities
	I-5)
	It is not clear how MME and receiving eNB will handle the UE capabilities contained in the legacy part of ASN.1 and extension part of ASN.1 

	C-5) Using radio capability independently for FDD and TDD
	I-6)
	Many UE capabilities will be duplicated unnecessary. Also some capabilities may not make sense to duplicate because the capabilities are only for FDD or TDD. Besides there is a risk that supported UE capabiliteies for FDD and TDD mode diverge significantly. 


So from network deployment and  UE point of view, both approach C-4)/C-5) and C-3) allow separate support of features for both modes and thus ensuring feasible IoT and earliest possible support for features in both modes. Even though some complexity may be added to the network, option C-3) is much simpler for the network due to avoiding MME needing to become aware of different modes as in C-4).  For C-5), as already mentioned above, many UE capabilities are already specific to FDD or TDD and do not need to be duplicated. Also C-5) will increase a risk that supported UE capabiliteies for FDD and TDD mode diverge significantly.
It is clear that when considering different aspects of possible solutions, it seems that there is no perfect solution. However to reduce the impacts to UE and network and to allow implementation of features in different times for different modes, I-0) I-2) and C-3) seems to be most acceptable. For C-3), minimum set needs to be agreed only when actual FDD-TDD handover is supported and IOT tested. Therefore, this can be decided depending on the demands of market in the future.
Proposal 1: It is proposed to agree on I-0) and I-2) for IDLE mode UE radio capabilities handling and C-3) for connected mode. 
Proposal 2: It is proposed to send an LS to SA2 to inform this decision and to ask them to incorporate I-2) in their specification.

3
Conclusion
In this contribution, we discussed the handling of FDD/TDD capabilities in case UE supports different sets of radio capabilities in different modes. Based on the discussion in section 2, we propose following two proposals.
Proposal 1: It is proposed to agree on I-0) and I-2) for IDLE mode UE radio capabilities handling and C-3) for connected mode. 

Proposal 2: It is proposed to send an LS to SA2 to inform this decision and to ask them to incorporate I-2) in their specification.
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