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Background
During the RAN4#98 meeting, two WF on TDM and FDM operation for SL and Uu in licensed band and plenty of topics have been discussed. However, the operation mode and co-existence scenarios have not been studied fully. Hence some of the requirements cannot be finalized. In this paper, we try to give more discussion and have clear understanding on TDM and FDM operation respectively.
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TDM Operation
The TDM Operation has been discussed with the WF[1] with band feasibility, time mask and UE RF architecture topics discussed and can be concluded as below:
1. Within a TDD licensed band, TDD operation is feasible for both single carrier and different carrier case.
2. TMD timing mask for partially used SL operation to be specified but detail needs to be FFS.
3. Single RF chain is assumed to be baseline to develop RF requirements.
With the above, we can further discuss the TDM timing issue and the in-device co-existence issue when introducing the partially used SL in licensed band. The system timing can be shown below in figure 1 with the required timing advance as discussed in TS 38.133 that NTA and NTA_offset are all set to 0:
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Figure 1 In-device resource timing
As this is the TDM operation with single RF chain, the switching between the NR SL and NR Uu carrier can be divided into different parts as:
· Transient period for the 1st carrier from on to off and 2nd carrier from off to on
· Switching time based on the capability of each UE
The two transient period from NR SL to NR Uu and NR Uu to NR SL can be considered as 20us based on 10us for each transient period requirement.
The switching time based on the UE capability can be reported as the case that 2TX switching use specific capability report to inform network about UE’s capability.
Observation 1: The switching time between NR sidelink and NR Uu consist of the transient period and the switching period based on UE capability.
Furthermore, it has been discussed as using the GP of the NR sidelink last symbol to do the switching. If this is the case, we also need to consider the TTA of the NR sidelink as it implies the advance of NR slot comparing to the NR sidelink slot. So the 3rd timing should be considered is:
· TTA as the overlap between SL and UL
Observation 2: TTA should also be considered for switching since it implies the advance of NR Uu comparing to NR sidelink.
With the above listed timing to be considered, we can show the timing within the UE for NR sidelink and NR Uu switching as below figure 2:
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Figure 2 GP to cover the switching time of NR Sidelink and NR Uu
Proposal 1: To agree the figure 2 on the content of switching time as 2 transient period + switching period + Timing advance.
To be save, the Guard Period should cover the two 10us transient period and also the switching period as UE capability and also the timing advance of the specific UE as this UE is in-coverage. However, the guard period has been set to 1 symbol previously because it is not intended to overcome the switching issue so the 1 symbol might not be sufficient especially considering higher SCS resulting in shorter symbol duration. Some initial calculation has been done for different symbol duration of up to 60kHz SCS which is supported currently in FR1:
Table 1 Symbol Duration
	SCS (kHz)
	Symbol Duration (us)

	15
	71.4

	30
	35.7

	60
	17.8


The switching period which has been discussed in LTE/NR switching has been agreed as 150us and some company has proposed even longer switching time. Compare to the symbol duration, we see that 1 symbol is not enough for TDD licensed band switching of NR SL and NR Uu with single RF chain baseline. Hence specific time mask needs to be decided based on the figure 2 above. As also discussed that the switching period is a UE capability that may differ from different UEs, we propose similar approach to define the NR SL and NR Uu switching as introduce an UE capability signaling of SidelinkSwitchingPeriod and the time mask can be based on the capability signaling. With this specific time mask requirement based on the signaling, we can avoid the in-device interference of NR SL and NR Uu.
Proposal 2: Define similar time mask as Uplink TX switching with capability signaling of SidelinkSwitchingPeriod. 
Proposal 3: To take timing advance into consideration of the timing mask.
Conclusions
In this contribution, we give discussion on remaining issue on UE operations for licensed bands partially used for SL transmission and the observations are shown as below：
Observation 1: The switching time between NR sidelink and NR Uu consist of the transient period and the switching period based on UE capability.
Observation 2: TTA should also be considered for switching since it implies the advance of NR Uu comparing to NR sidelink.
Observation 3: Two interference scenarios are observed for FDM operation and different assessment method need to be considered.
Proposal 1: To agree the figure 2 on the content of switching time as 2 transient period + switching period + Timing advance.
Proposal 2: Define similar time mask as Uplink TX switching with capability signaling of SidelinkSwitchingPeriod. 
Proposal 3: To take timing advance into consideration of the timing mask.
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