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Background
During the RAN4#100-e meeting, a WF [1] on intra-band V2X operation has been agreed. The time mask for TDM and FDM has been discussed and it has been agreed that for different carrier case the time mask will need to wait for RAN1 agreement and for same carrier the time mask will be different. Hence in this paper we try to give further discussion on the time mask. 
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It has been agreed in the WF [1] as:
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For the different carrier case, the RRM scheduling restriction has been mentioned during the last meeting. However, if we look back to the scheduling restriction of NR V2X and LTE V2X switching, the procedure is as following: 
1, RAN4 decided that the switching time will be 150us.
2, With the above switching time, there will be interference exists, then RRM session has decided that scheduling restriction is needed.
3, To cover the 150us interruption, one slot of NR V2X or one sub-frame of LTE V2X has been agreed as the scheduling restriction.
4, Furthermore, as the scheduling restriction has been agreed, from RF perspective, there is no need for the switching time test since the scheduling restriction is large enough. Hence the 150us is captured in the V2X TR but not an RF requirement in the TS 38.101-3.
We believe the same scheme should be followed for the NR V2X and NR switching, i.e. to agree the switching time first, then RRM session can decide the scheduling restriction and later the RF requirement can be decided after the scheduling restriction is settled down.
Proposal 1: To agree the above requirement developing steps for RF and RRM session.
For the NR V2X to NR switching, it can be divided into 2 transient period + switching period for the switching time. In this case, to reuse the NR V2X to LTE V2X switching period as 120us is acceptable. Hence with 2 transient period as 20us, the whole switching time should be 120 + 20 = 140 us.
Proposal 2: To agree on the 140 us switching time for different carrier case.
Furthermore, the reply LS from RAN1 [2] on synchronous operation has been agreed during the RAN1#106-bis-e meeting and the agreement is as following:
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Based on the reply LS, we can have couple of conclusions as:
1, There will be RAN1 impact by changing the DL timing alignment to UL.
2, RAN1 doesn’t have enough time to handle the timing alignment change during Rel-17 timeline.
With that, we believe at least at Rel-17 timeline, the requirement should be based on legacy timing alignment which is DL timing alignment. The timing alignment of DL has been shown below in figure 1.
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Figure 1 Illustration of DL timing alignment
With the SL aligned to DL timing, 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 with TTA advance.
The different timing alignment to impact on the time mask has been already agreed with LTE to NR switching as captured in TS 38.101-3 sub-clause 6.3B.1.1 for E-UTRA and NR switching time mask for TDM based UL sharing from UE perspective. The uplink transmission timing difference with maximum value is calculated and compensated on the transient period. 
Observation 2: The uplink transmission timing difference for NR and LTE has been calculated with maximum value to compensate the transient period of LTE to NR switching as captured in TS 38.101-3.
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For different carrier case, a time mask has been proposed below to capture the transient period, switching period and timing advance together as the switching time. To fully use the guard period of the last symbol of sidelink slot, the switching time will be located at the end of the SL slot. This is corresponding to the above figure 1 timing advance of overlapping in yellow. Similar to the above LTE and NR switching case, the largest value of timing difference should be used to develop the time mask requirement.
Proposal 3: The largest timing difference similar to the LTE and NR switching should be used to develop the time mask for NR sidelink to NR switching.
With that, the below timing advance in figure 2 and figure 5 should be the largest timing difference, which should be the timing advance corresponding to the largest cell size.
For figure 3,4 and 6,7 the switching from NR to NR sidelink, the timing advance should use the smallest number as the most stringent requirement which should set the NTA=0. In this case, the timing advance = NTA_offset *Tc for that specific band.
Proposal 4: The smallest timing difference should be used to develop the time mask for NR to NR sidelink switching as TTA= NTA_offset *Tc
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Figure 2 switching time from SL slot N to NR slot N+1 for different carrier case
For the NR switching to the NR sidelink slot, the proposed time mask is shown below in figure 3. From figure 1, we know that the timing advance of UL has caused a gap as shown in green in figure 1 where no NR transmission neither NR sidelink transmission. This is shown as timing advance in gray in below figure 4. With that the switching can take advantage of this blank period with no transmission to eliminate the system overhead.   
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Figure 3 Time mask for NR switching to SL when switching time locate in NR slot for different carrier case
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Figure 4 Time mask for NR switching to SL when switching time locate in NR SL slot for different carrier case
Observation 3: Considering the timing advance, placing the switching time at the NR sidelink slot can fully use the guard period to save system overhead.
For the same carrier case, the only difference to the different carrier case is the switching period is 0us instead of 140us. The timing advance of UL should still be considered for the switching time. Hence the time mask for same carrier is shown below in figure 5,6 and 7.
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Figure 5 switching time from SL slot N to NR slot N+1 for same carrier case
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Figure 6 Time mask for NR switching to SL when switching time locate in NR slot for same carrier case
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Figure 4 Time mask for NR switching to SL when switching time locate in NR SL slot for same carrier case

Proposal 5: To agree the above time mask for same carrier and different carrier cases.
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 with TTA advance.
Observation 2: The uplink transmission timing difference for NR and LTE has been calculated with maximum value to compensate the transient period of LTE to NR switching as captured in TS 38.101-3.
Observation 3: Considering the timing advance, placing the switching time at the NR sidelink slot can fully use the guard period to save system overhead.
Proposal 1: To agree the above requirement steps for RF and RRM session.
Proposal 2: To agree on the 140 us switching time.
Proposal 3: The largest timing difference similar to the LTE and NR switching should be used to develop the time mask for NR sidelink to NR switching.
Proposal 4: The smallest timing difference should be used to develop the time mask for NR to NR sidelink switching as TTA= NTA_offset *Tc
Proposal 5: To agree the above time mask for same carrier and different carrier cases.
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For UEs reporting E-UTRA and NR switching time capability of type 1 with switching time < 0.5 us for TDM based
UL sharing from UE perspective within FR1 time masks in Figure 6.3B.1.1-1 and Figure 6.3B.1.1-2 shall apply. For
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Issue 1-1-1: Switching time for same carrier and different carrier -
Agreements: To consider switching time separately for cases of same carrier and different carriers.
Issue 1-1-3: Switching time position -

Agreements: No impact on RAN1 in case RAN4 decide the switching period position based on the priority rule
defined in RAN1/

Issue 1-1-5: Time mask for TDM with different carriers -

Agreements: To specify switching time mask between Uu and SL, RAN4 need to wait for RAN1 reply LS and
RRM scheduling availability.
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There are two options under discussion in RAN4 as below. «
Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing. «
Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL,
ie.o
¢ For sidelink transmissions, «

«  SL transmission timing is aligned with Uplink timing when Uu and sidelink is TDMed/FDMed
coexistence in the same band, including TDM coexistence within the same carrier or different
carriers. o

«  Otherwise, SL transmission timing is aligned with Downlink timing. «

RAN4 respectfully ask RAN1 to clarify that is it feasible that RAN4 consider option 2 from RAN1 perspective to define
SL transmission timing to align with UL timing when SL is synchronized to a network? «
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