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1. Introduction

According to the status reports for CA enhancements to RAN#57 meeting, the followings still remain as open issues on support of CA with different TDD UL-DL configurations [1].

·  HARQ-ACK transmission for Format 3 and 1b

· for the case when any of the (Mp, Ms) is zero

· the handling of overlapping states
·  Number of DL HARQ processes for inter-band CA with different TDD UL-DL configurations
· A new standardized solution is needed to define M_{DL_HARQ} for TDD inter-band CA and the exact solution is FFS until RAN1 #70bis
·  Transmission direction in overlapped subframes for half-duplex UEs, which was not treated in RAN1 #70
In this contribution, we discuss on the remaining issues for support of half-duplex operation based CA with different TDD UL-DL configurations for the UE not supporting simultaneous Tx/Rx. More specifically, determination of transmission direction and issue on potential DL/UL collision in overlap subframes are addressed in this contribution.
2. Transmission direction in overlap subframe
Regarding the support of half-duplex operation, we can consider two possibilities to determine transmission direction in the overlap subframes [2].
2.1. Alt 1: follow Pcell’s direction
In this approach, transmission direction (DL or UL) aligned with Pcell’s is only allowed in every overlap subframes where the Scell having different transmission direction from Pcell is inevitably disabled all the time due to the half-duplex operation. For example, assuming that UL-DL configurations for Pcell and Scell are #1 and #2 respectively, Pcell (its transmission direction) is only enabled for all the overlap subframes as in Figure 1. 
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Figure 1: An example of overlap subframe configuration (based on Alt 1)
This approach could be robust to RRC reconfiguration ambiguity and might require relatively lower UE complexity (than other approaches) since transmission direction in overlap subframes is deterministic and the corresponding DL/UL switching operation could be static (not dynamically changed). On the other hand, this alternative might be a bit inefficient in the DL/UL resource utilization perspective because available resource (DL or UL) in overlap subframes would be always fixed (not flexibly chosen) by just fully depending on Pcell’s UL-DL configuration. 

2.2. Alt 2: follow eNB’s scheduling
In this approach, unlike in Alt 1 above, transmission direction in each overlap subframe is dynamically determined by depending on eNB’s scheduling. More specifically, an overlap subframe could be configured as UL if UL grant for the PUSCH transmission in the overlap subframe is detected or there is UCI to be signalled through the overlap subframe (otherwise, could be automatically configured as DL). Assuming that UL-DL configurations for Pcell and Scell are #1 and #5 respectively, an example of potential overlap subframe configuration is present as in Figure 2. 
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Figure 2: An example of overlap subframe configuration (based on Alt 2)

This approach might provide relatively more flexible DL/UL resource utilization (than Alt 1) since available resource (DL or UL) in overlap subframes could be flexibly chosen by eNB’s scheduling (maybe according to DL/UL traffic status). However, this alternative seems to be unreliable to handle RRC reconfiguration ambiguity and non-static DL/UL switching operation caused by dynamic configuration on transmission direction in overlap subframes might require more UE complexity.
Considering the aspects of RRC reconfiguration, resource utilization, and UE complexity based on the observation above, Alt 1 is slightly preferred for reliable half-duplex operation based CA with different TDD UL-DL configurations. 
Proposal 1: In order to support reliable half-duplex operation based CA with different TDD UL-DL configurations, Alt 1 (follow Pcell’s direction) is slightly preferred to determine transmission direction in overlap subframes.  
3. Potential collision in overlap subframe
Regarding the half-duplex operation based CA with different TDD UL-DL configuration (by either Alt 1 or Alt 2 above), there would be some potential DL/UL collision cases to be handled. For example, assuming that Alt 1 is applied when UL-DL configurations for Pcell and Scell are #1 and #4 respectively, Figure 3 shows an example of potential DL/UL collision. 
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Figure 3: An example of potential DL/UL collision in overlap subframe
Under the situation as shown in Figure 3 above, DL signal/channel (e.g. PDSCH) scheduled via Scell DL subframe would be collided with UpPTS in Pcell special subframe or the next Pcell UL subframe if UL signal/channel (e.g. SRS/PUSCH) to be transmitted via there is configured/scheduled. It is reasonable that this kind of potential DL/UL collision caused by the half-duplex operation should be handled by taking both UE behaviour and resource utilization into account. 
Proposal 2: Potential DL/UL collision cases (e.g. special subframe vs. DL subframe) caused by the half-duplex operation should be handled by taking both UE behaviour and resource utilization into account.  

4. Summary
We discuss in this contribution on the remaining issues for half-duplex operation based CA with different TDD UL-DL configurations, mainly on transmission direction and potential collision in overlap subframes. Finally, we propose: 

Proposal 1: In order to support reliable half-duplex operation based CA with different TDD UL-DL configurations, Alt 1 (follow Pcell’s direction) is slightly preferred to determine transmission direction in overlap subframes.  
Proposal 2: Potential DL/UL collision cases (e.g. special subframe vs. DL subframe) caused by the half-duplex operation should be handled by taking both UE behaviour and resource utilization into account.  
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