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Introduction
This document is to discuss timing alignment issue which was argued by some companies in RAN1#88bis meeting. 
Discussion
Timing alignment is useful for reference signal orthogonality between DL and UL and useful for interference mitigation in receiver side. The main scenario to operate flexible duplex is small cell so the timing difference between DL reception and UL transmission could be small, like within normal CP length. But considering DL and UL switching and some gap is necessary (at least 20us), the timing difference before received DL signal and UL signal in UE side could exceed CP length. The scenario is described in Figure 1 and timing difference is described in Figure 2. In this sense, some mechanism may be necessary to align the timing of DL and UL transmission in UE side.
Observation 1: Timing misalignment between DL and UL may exceed CP length 
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Figure 1 cross-link interference from UE2 to UE1
[image: ]
Figure 2 Timing of UE1 and UE2

Based on the proposal in [1] that the starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE in the UE-specific DCI, such indication may also be easily used for UL scheduling. In this sense, UL grant needs to indicate starting position of UL data at symbol granularity. Such scheme is useful to align the timing of DL and UL. But on the other hand, the timing difference would not be integer times of OFDM symbols. The less than OFDM symbol granularity would be determined by TA or similar mechanism. The starting timing is determined by the sum of symbol level signalling and less than symbol level signalling. So we propose 
Proposal 1:  To indicate starting position of transmission timing in DL or UL. 

Regarding DL RS and UL RS orthogonality, there may be different understandings (e.g., CDM, FDM, or TDM). Considering large power difference between received DL signal and UL signal (e.g., from UE2) in UE 1 side, CDM may not be desirable solution. In this case, to mute or puncture the REs in UL channel corresponding to DL DMRS’s position may be better. 
CDM based orthogonality between DL RS and UL RS can improve the resource utilization but RS’s position may need to be shifted if there is some misalignment between DL RS and UL RS. 
Proposal 2: To consider TDM or FDM based RS orthogonality between DL and UL

The focus discussed here is mainly for data channel although we see the proposed interference mitigation schemes can be used for control channel as well. Control channel is more important and we can assume its performance can be guaranteed by nice coordination.  It can also simplify the standardization effort. So we propose 
Proposal 3: To focus on data channel from timing alignment point of view 
Conclusion
In this contribution we discussed some details on timing alignment. Based on the discussions we have following observation and proposals, 
Observation 1: Timing misalignment between DL and UL may exceed CP length 
Proposal 1: To indicate starting position of transmission timing in DL or UL. 
Proposal 2: To consider TDM or FDM based RS orthogonality between DL and UL
Proposal 3: To focus on data channel from timing alignment point of view 
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