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Background
During the RAN4#98-bis-e meeting, a WF[1] on operating scenarios has been agreed. Furthermore, we have an parallel discussion paper for intra-band concurrent operation [2] and with that we would like to further discuss the TDM intra-band concurrent operation of time mask requirement, guard symbol and timing advance.
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In our parallel paper [2], we have proposed 4 different scenarios as:
1st priority: TDM only: Half-duplex without frequency separation (Single RF chain for TX as baseline)
2nd priority: FDM only: Full-duplex with adjacent carrier (Separate RF chain for TX as baseline)
3rd priority: FDM only: Full-duplex with non-adjacent carrier (Separate RF chain for TX as baseline)
4th priority: TDM + FDM: Half-duplex with frequency separation (Single RF chain for TX as baseline)
The first three listed operation scenario is the same as listed in the WF [1] with the same priority. In this paper, we try to focus on the 1st priority as TDM only with no frequency separation of PC5 and Uu interface. The timing advance issue for intra-band concurrent operation has been raised and can be illustrated as below:
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 clarified, the figure 1 illustrates the TDM only operation scenario, hence it is half-duplex without UL and SL simultaneous TX or RX. In this case, the only possible of overlap between SL and UL is shown as yellow in figure 1 as the TTA for UL transmission and it happens at the switching from SL to UL. There will be no overlap when the switching is from UL to SL. It is shown in figure 1 with green part, when the switching is from 2nd UL slot to 3rd SL slot, the green part of TTA is empty since there is no SL transmission in 2nd SL slot.
Observation 1: The overlap of UL and SL only occurs when there is switching from SL to UL.

To eliminate the interference caused by the overlap when switching from SL to UL, there should be “guard period” defined to cover the TA time. Furthermore, the overlap happens during the switching, hence, the switching time of SL to UL should be also considered for the “guard period”. 
Observation 2: The guard period between the SL to UL switching should consider both Timing advance and the switching time of SL to UL.
It is also agreed in the WF [1] of the RF architecture assumption to develop RF core requirement as:
[image: ]
As this is the TDM operation so the single RF chain is assumed, with that, the switching time based on the capability of the UE itself should be considered. With that, 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 with two 10us to be considered
· Switching time based on the capability of each UE which can be reported to network
With the above listed timing to be considered, below figure 2 illustrate the guard period needed to be considered for the switching from SL to UL.
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Figure 2 Guard period needed to cover the timing advance and SL to UL switching
Proposal 1: To agree with the guard period to consider both switching time and timing advance as illustrated in figure 2.
Further, there has already agreed the last symbol of sidelink will be punctured. However, for different SCS, the symbol length will be different. A comparison between symbol length and switching time has been shown in the paper we submitted last meeting [3] and it can concluded that one symbol is not long enough to cover the whole switching time and timing advance. In this case, we think a similar scheduling restriction of LTE SL and NR SL switching can apply to the NR SL to UL switching. The LTE SL and NR SL switching has restriction as one NR slot or one LTE sub-frame will have scheduling restriction as captured currently in TS 38.133. The one NR slot/LTE sub-frame restriction can be reused as starting point since based on the UE switching capability, we might not need that large time restriction.
Proposal 2: Apply Scheduling restriction to the NR SL to UL switching to cover the switching time and timing advance.
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 overlap of UL and SL only occurs when there is switching from SL to UL.
Observation 2: The guard period between the SL to UL switching should consider both Timing advance and the switching time of SL to UL.
Proposal 1: To agree with the guard period to consider both switching time and timing advance as illustrated in figure 2.
Proposal 2: Apply Scheduling restriction to the NR SL to UL switching to cover the switching time and timing advance.
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- Determine basic RF architecture for different operating scenarios. Other RF architecture is not
precluded from implementation perspective.
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