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Background
During the RAN4#99-e meeting, a WF [1] on operating scenarios has been agreed. The TDM scenario has been agreed with both the same carrier and different carrier for intra-band V2X operation has been agreed. With that, we would like to further discuss the timing issue as well as the switching period requirement.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
It has been agreed in the WF [1] as:
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As can be seen in the WF, option 3 is agreed so both same carrier and different carrier will be considered for TDM operation. Hence we would like to split the topic into different carrier and same carrier scenarios for further discussion. The different carrier scenario is assumed as FDM operation and it is discussed in our parallel paper as [2]
For TDM operation in the same carrier for intra-band concurrent operation, the UL slot and SL slot is TDMed which means at each timing, there will be only UL or SL. In this case, a figure below as figure 1 illustrate the time slot alignment considering the timing advance. As the reply LS of RAN1 on timing advance will be received after August meeting, we would like to further discuss the issue with both SL timing aligned to DL and to UL, explicitly.
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Firstly, the SL timing align to UL. 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 the UL slot to the SL slot, the green part of TTA is for both UL N/A to SL N/A since there is no SL transmission in the 2nd slot.
Observation 1: The overlap of UL and SL occurs during SL to UL switching and for UL to SL switching there is no interference.
There can be two different methods to overcome the overlap caused by the timing advance. Firstly, enlarge the guard period to cover the switching time as well as the timing advance. One proposal has been proposed by our previous meeting paper [3]. We simply recall it below as figure 2. In this case, the guard period will be long and the overhead is large. Furthermore, the guard period might be changed based on the change of switching time and the timing advance. Based on that, we have proposed another design to eliminate the system overhead.
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Figure 2 Guard period needed to cover the timing advance and SL to UL switching
The second method is shown as figure 3 below. We keep the guard period design since this is for the switching for on and off time and place the switching with last slot aligned with the starting slot of the next NR slot. By this method, the guard period can be kept unchanged in which case the physical layer design can be kept for less spec effort. However, the switching time considering the transient period as well as the switching period cannot be avoid by any method. During the switching, as there is scheduling restriction design for LTE and NR sidelink switching, to avoid interference, there should be no transmission or reception during the switching time. 
Observation 2: The new method as figure 3 do not need to change the guard period design and with less spec effort.
Observation 3: Similar scheduling restriction comparing to LTE SL and NR SL is needed.
As we have decided that the scheduling restriction will leave to RRM session, we are here not to further discuss the issue but we can inform RRM session about it. Furthermore, the switching period should be defined within RF session. The more important thing is that, even if we eliminate the timing advance effect by using the UL timing alignment of SL, the switching period is still needed to be discussed.
Observation 4: The switching period should be defined by RF session and can be informed to RRM session for their discussion of scheduling restriction.
Observation 5: Even without the timing advance issue, the switching period still need to be discussed.
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Figure 3 switching time location and design for SL to NR switching
Considering the switching period, as discussed at the starting of this document, the TDD intra-band concurrent operation is prioritized for both same carrier and different carrier. While it has been agreed that single RF chain will be used as baseline assumption when defining RF requirements for TDD intra-band concurrent operation. Hence the switching time for LTE SL and NR SL can be used as a reference point, for example, 150us as discussed.
Observation 6: 150us switching period can be used as starting point for NR and NR sidelink switching for intra-band concurrent operation in TDD band.
In the last, the switching time location need to be further discussed. It has been agreed also in the WF [1] in the last meeting that the switching period is located on the RAT that has a lower priority as a starting point. Based on our analysis above, as the observation 1 says, the overlap only occurs at the switching from UL to SL while for SL to UL switching, there will be no overlapping. Hence in this case, to fully use the guard period as the last symbol of NR sidelink, it is proposed to locate the switching time at the NR sidelink slot when switching from SL to UL. However, to the case that switching from UL to SL, the priority rule can be used. 
Observation 7: Considering the timing advance, placing the switching time at the NR sidelink slot can fully use the guard period to save system overhead.
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With the above observation, it is proposed as below:
Proposal: Propose the switching time as figure 3 shown as keep the guard period design unchanged and place the switching time at NR SL slot when switching from NR SL to NR slot.
Conclusions
In this contribution, we give discussion on remaining issue on UE TDM intra-band concurrent operation on TDD band and the observation and proposals are as below：
Observation 1: The overlap of UL and SL occurs during SL to UL switching and for UL to SL switching there is no interference.
Observation 2: The new method as figure 3 do not need to change the guard period design and with less spec effort.
Observation 3: Similar scheduling restriction is needed.
Observation 4: The switching period should be defined by RF session and can be informed to RRM session for their discussion of scheduling restriction.
Observation 5: Even without the timing advance issue, the switching period still need to be discussed.
Observation 6: 150us switching period can be used as starting point for NR and NR sidelink switching for intra-band concurrent operation in TDD band.
Observation 7: Considering the timing advance, placing the switching time at the NR sidelink slot can fully use the guard period to save system overhead.
Proposal: Propose the switching time as figure 3 shown as keep the guard period design unchanged and place the switching time at NR SL slot when switching from NR SL to NR slot.
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1-3-3: Switching period position

» Agreements:

- The priority rule, i.e. the switching period is located on the RAT that has a lower
priority, is considered as a starting point.
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Issue 1-3-1: Intra-band V2X operation with same
carrier

» Candidate options:

- Option 1: Prioritize the scenario for Uu and SL in the same carrier for intra-band
V2X operation (TDM).

- Option 2: Prioritize the scenario for Uu and SL in the different carrier for intra-
band V2X operation (TDM).

- Option 3: Prioritize the scenario for Uu and SL in both the same carrier and
different carrier for intra-band V2X operation (TDM).
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