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1 Introduction
In the last RAN2 #79bis meeting, UE capability on multiple TA was discussed. Because more information is required from RAN4 to find a suitable solution supporting CA combinations with more than two carriers and mix of inter- and intra-band CA, the discussion has been postponed. RAN4 sent LS to provide more information on UE capability for multiple TA feature. Based on RAN4 LS, we discuss some open issues to define UE capability for multiple TA in this document. 
2. Multiple TA capability
During Rel-11 UE capabilities discussion, it is agreed that multiple TA is optional for intra-band CA but it is still FFS whether multiple TA is mandated for inter-band CA [2]. Although it is likely that multiple basebands and RF chains are used to implement inter-band CA, there would be still challenges in UE implementation such as the simultaneous PRACH and PUSCH/PUCCH or power control for the partial overlapped period between PUSCH/PUCCH and PUSCH and between PRACH and PUSCH/PUCCH in the different TAGs to meet RAN4 performance requirement. In order to have more flexibility in UE implementation, we prefer to introduce UE capability bit for multiple TA in inter-band CA as well as intra-band CA. 
Proposal 1: Multiple TA is optional for inter-band CA combination.

Multiple TA capability can be different in intra-band or inter-band CA because especially intra-band CA, depending on UE implementation i.e. whether one baseband/RF chain or multiple baseband/RF chains can be used. Even in case of inter-band CA, the multiple TA support can be different if the multiple carriers can be supported within a band. Therefore, RAN4 recommended that taking the UE implementation options into account, it is necessary to define multiple TA capability for each CA band combination. 
As a detailed signaling, there could be several approaches to define multiple TA capability for a CA band combination. 

· Approach 1: one capability bit for each CA band combination. If the capability bit is set to true, the UE supports multiple TA for both intra and inter-band CA in the corresponding CA band combination. 

· Approach 2: two kinds of capability bit for each CA band combination. 
· Multiple TA support for intra-band CA

· Multiple TA support for inter-band CA

· Approach 3: same as approach 2. The bit indicating multiple TA capability for intra-band CA is included in each band in CA band combination if the band supports more than 2 carriers. 

Approach 1 is the simplest approach and requires less number of bits. However, it is more likely that one baseband/RF chain is used for intra-band CA and multiple baseband/RF chains are used for inter-band CA. Therefore, only one bit in CA band combination is not suitable to differentiate UE implementation for intra-band CA and inter-band CA. In addition, the support of multiple TA should be different in each band in inter-band CA combination e.g. whether carriers are contiguous or non-contiguous within a band. Therefore, approach 3 is the most reasonable and would provide more flexibility in UE implementation. 
Proposal 2: two kinds of capability bits for each CA band combinations. One bit indicates multiple TA support between bands. The other bit indicates multiple TA is supported within a frequency band. The bit indicating multiple TA capability for intra-band CA is included in each band in CA band combination if the band supports more than 2 carriers.
Another scenario that we should consider is CA with more than 3 inter-band CA band combinations. According to RAN4 LS, it is possible to define multiple TA among all three different bands with 3 TAGs. Furthermore, it is also possible to define multiple TA between different set of bands. For example, one band is defined in TAG1 and remaining two bands are defined in TAG2. We agree that multiple bands can be grouped with a different TAG if the UE support multiple TA in the CA band combination. However, it is questionable whether the UE should indicate what TAG combination can be supported. Although RAN4 LS mentioned that the different TAG combination can be considered in case of 3 inter-band CA band combinations, it is not clear whether RAN4 concluded that the multiple TA capability should indicate the support of different TAG combination. In our view, it seems not necessary to indicate what TAG combination can be supported because up to 4 TAGs should be supported according to MAC specification if the UE support multiple TA and no big implementation challenge is expected between 2 TAGs and 3TAGs in case of 3 inter-band CA band combination. 
Proposal 3: It is not necessary for the UE to indicate the supportable TAG combination. 
3. Conclusion

In this document, we discuss some open issues to define UE capability for multiple TA in this document. Based on the discussion in Section 2, we propose the followings to define the UE capability for multiple TA. 
Proposal 1: Multiple TA is optional for inter-band CA combination.

Proposal 2: two kinds of capability bits for each CA band combinations. One bit indicates multiple TA support between bands. The other bit indicates multiple TA is supported within a frequency band. The bit indicating multiple TA capability for intra-band CA is included in each band in CA band combination if the band supports more than 2 carriers.
Proposal 3: It is not necessary for the UE to indicate the supportable TAG combination. 
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