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1
Introduction
In RAN1#68bis meeting, HARQ timing is widely discussed for both full duplex mode and half duplex mode. And for half duplex mode, following conclusions were made [1]:
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From the above conclusion, it could be seen that the transmission direction determination is very important for the HARQ timing determination for half duplex mode. Besides DL HARQ timing, the transmission direction determination of half duplex mode will further impact PUSCH HARQ/scheduling timing. In this paper, both alternatives for transmission direction determination is analysed and discussed.
2
Discussions
In the following subsections, two alternatives for transmission direction determination for half duplex are discussed

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
2.1 


Following Pcell SIB1 configuration (Alternative 1)
In this alternative, the transmission direction of all subframe follows the Pcell subframe direction [2]. Then, the transmission direction for UE will not change dynamically and additional DL-UL switching points for UE will not exist. The advantage of this alternative is that the UE does not need to cope with additional DL-UL switching points by creating additional guard periods for UE is not needed. 
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Figure 1 Extra switching point
Another advantage is that this alternative will ease the eNB implementation complexity. For example, when the eNB schedules in the downlink, the eNB does not need to consider whether the UE has been scheduled in the UL or should transmit UL feedback in a specific subframe. Then inter-communication between the DL scheduler and the UL scheduler can be avoided. However, in a legacy TDD system, PDCCH scheduling already requires integration of  UL-scheduling and DL-scheduling. Besides, when eNB schedules in the DL, the UL scheduling has already been done and the DL scheduler can directly use this information with limited complexity increase. On the other hand, the UL scheduler requires extra complexity to handle the different scheduling timing for UL scheduling in Scell, due to the different UL scheduling timing between legacy UEs and new UEs. In summary, the eNB scheduler complexity is reduced by avoiding inter-communication between DL and UL schedulers, but the UL scheduler complexity is increased by the need for handling a different scheduling timing for the Scell. So whether the eNB scheduler complexity is decreased by this alternative is not clear.
For HARQ timing, the reference TDD configuration is always Pcell which will be different with full duplex case. This will make the HARQ timing of CC specific TDD configuration more complex.
2.2 


Determined by eNB (Alternative 2)
By alternative 2, transmission direction is determined by eNB scheduling. So the UE will assume the subframe is DL subframe by default, unless there it has been scheduled in the UL or should transmit UL feedback. In  this alternative, the DL/UL resource for overlapped subframes is utilized more flexible, but as discussed in previous subsection, extra DL-UL switching points are needed so that guard period is needed to avoid the overlap between UE DL receiving and UE UL transmission. However, the issue is exactly same as in HD FDD, in which the guard period is created by muting the last OFDM symbol in the DL. So for additional switching point for half duplex TDD UE, we prefer the same way to handle the guard period.
For eNB scheduler complexity, as discussed in previous subsection, the decreased eNB implementation complexity by alternative 1 is not clear. Furthermore, alternative 1 can be seen as the special case of alternative 2, e.g. by scheduling method, eNB can always prioritize Pcell transmission direction for UE and an eNB vendor can still chose to implement alternative 1 without need for additional standardization. 

For HARQ timing, using alternative 2 to determine the transmission direction of half duplex mode, we can define that the HARQ timing for UE is following the TDD configuration of prioritized subframe. For example, if Pcell direction is prioritized, HARQ timing of Pcell configuration is used for this subframe. If Scell direction is prioritized, HARQ timing of Scell configuration is used for this subframe. This is equal to follow Scell timing which is aligned with full duplex rules at least for self-scheduling of Case A and Case B, which simplifies the HARQ timing design for CC specific TDD configuration.
Based on the discussions above, we have the following proposal:

Proposal: The transmission direction for half duplex mode is dynamically determined by the eNB scheduling
3
Conclusions
In this paper, transmission direction alternatives are discussed and the following proposal is made:
Proposal: The transmission direction for half duplex mode is dynamically determined by the eNB scheduling
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On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)


In case of self scheduling


For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing


Can be revisited after discussion of other DL and UL cases


FFS which alternative to choose for half-duplex case, in case of self scheduling,  


Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration


Alt 2: the transmission direction is determined by eNB


On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)


In case of self-carrier scheduling, 


For half duplex case, working assumption is the timing table in alternative 1


FFS which alternative to choose for half-duplex case, in case of self scheduling,  


Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration


Alt 2: the transmission direction is determined by eNB








