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1 Introduction
In WID[1], there are objective which have RAN4 impacts:
Support of new sidelink frequency bands for single-carrier operations [RAN4]

· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.

In [2], it is agreed the issue of the frequency separation and synchronization issue will be discussed:
· General scope to introduce NR SL enhancement for RF requirements at FR1
· n79 partial used SL operation with NR n79 Uu and other Uu operating bands

· Cover the Frequency separation issues and timing alignment issue
In this paper, we present our view on timing alignment issue in licensed band operation.
2 Discussion
In [3], the WF on the transmission timing between Uu and SL is as follows:
Option 1: SL transmission timing should be aligned with the UL timing of NR Uu not the DL timing.

Option 2: This is in RAN1 scope and is currently being discussed in RAN1.

Recommended WF

Option 1:In RRM session, RAN4 already decided the transmission timing between Uu and SL. Is it possible to revert the agreement at this moment? It will be further discussed in Rel-17 or maintenance of 5G V2X WI.

Option2:This is in RAN1 scope and is currently being discussed in RAN1.
RAN1 has below agreement regarding this:

· For sidelink transmission, when gNB/eNB is used as the synchronization reference, the timing determination mechanism in LTE V2X is reused in NR V2X, i.e. DL timing is used.
RAN1 agreement above can be interpreted that this should apply also on the TDM/FDM operation of the Uu and SL for the shared /adjacent carrier case. The agreement has no differentiation on the licensed /unlicensed band, so it should apply to licensed band operation as well. 
For the TDM operation between Uu and SL, Figure 1 shows the timing between Uu and SL transmission. According to the RAN1 agreement, the SL transmission shall align with the network DL timing when the network is configured as the sync source.  For Uu transmission, the uplink will be advanced with 2*Tp relative to the gNB received time. When there is SL trnamission, the transmission needs to be aligned with received gNB DL timing and thus there is a Tp delay relative to the gNB transmission time. If there is another Uu transmission after the SL transmission, it will be advanced Tp relative to the gNB transmission time. As the SL transmission will be delayed with Tp relative to its gNB received time, there will be overlap with gNB UL receiving in the next UL time slot with the amount of 2*Tp. The last symbol of the SL transmission is always punctured acting as the guard period to protect the network receiving. To avoid the network interference, the assumption is that guard period should be greater than 2 times of the Tp. Considering also there is a transient period defined in TS 38.101-1 within the guard period time, the guard period should be greater than 2*Tp plus the transient time.
Observation#1: To avoid the interference to the network UL receiving, the SL guard period should be greater than (2*Tp+ Transient time)

If after the SL transmission, there is Uu uplink data to transmit, as shown in Figure 1, the time slot immediately after the SL transmission could be used for Uu transmission if guard period is big enough so not disturb its own SL transmission before the guard period. As the number of symbols to be punctured is preconfigured or configured by network, so the Uu transmission is possible by puncturing more symbols to accommodate the Uu transmission with Tp time advance. But as this relates to the transient time and also possible switch time discussion, maybe the time mask for such operation needs to be discussed in RAN4. Figure 2 shows one of possible time mask for the Uu and SL TDM operation considering also DL timing alignment. How to handle the overlapping NR SL frame and NR Uu frame and whether or not the switch time needed for shared and adjacent carrier case.
Observation#2: If Uu transmission should happen after SL transmission at time slot immediately after SL transmission, to avoid the disturbance to its own  SL transmission, the SL guard period should be greater than (3*Tp+ 2*Transient time)

Observation#3: The time mask for the SL and Uu TDM operation needs to be discussed together with the synchronization discussion.
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Figure 1: TDM operation between SL and Uu for licensed band.

To avoid the potential interference, either the SL transmission timing could be aligned with the Uplink transmission or more symbols could be punctured in SL transmission to increase the guard period. This however, will be against the RAN1 agreement and thus RAN4 should discuss the pro/cons about changing the timing alignment principle and LS to be sent to RAN1 about it.
Another issue is the FDM operation for the single PA architecture, as we discussed in a companion paper for operating scenario, there is a potential phase discontinuity introduced into the Uu link and degrade the network performance if the SL transmission align with DL timing. RAN4 should also discuss if for this UE architecture, it would be a valid scenario for SL and Uu operation in FDM mode.

Proposal-1: RAN4 discuss the benefit of the introducing the Uplink timing alignment for both TDM and FDM mode. Possible LS could be sent to RAN1 if agreement deviate from the RAN1 agreement in Rel-16.

3 Conclusions

In this contribution, we present our view on generic RAN4 work relating to the objectives focusing the timing aspect with below proposal:
Observation#1: To avoid the interference to the network UL receiving, the SL guard period should be greater than (2*Tp+ Transient time)

Observation#2: If Uu transmission should happen after SL transmission at time slot immediately after SL transmission, to avoid the disturbance to its own  SL transmission, the SL guard period should be greater than (3*Tp+ 2*Transient time)

Observation#3: The time mask for the SL and Uu TDM operation needs to be discussed together with the synchronization discussion.
Proposal-1: RAN4 discuss the benefit of the introducing the Uplink timing alignment for both TDM and FDM mode. Possible LS could be sent to RAN1 if agreement deviate from the RAN1 agreement in Rel-16.
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