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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In NR V2X synchronization discussion, RAN1 reached the following agreement in RAN1#101[3]:
	Agreements:
· 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.


And RAN1 sent an LS to RAN4, asking RAN4 to take the agreement above into account and provide feedback, if any [4].
After then, RAN4 sent an LS to RAN1[1], requesting clarifications that whether it is feasible to consider option 2 to define SL transmission to align with UL timing when SL is synchronized to the network.
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, i.e.
· 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. 
· Otherwise, SL transmission timing is aligned with Downlink timing.
In this contribution, we provide views on option1 and option 2, and indicate how to reply to RAN4.
2 Discussions
For LTE-D2D, the uplink timing is used as the timing reference for PSSCH transmission in mode 1, since mode 1 resources are scheduled by eNB in a one-shot way, and a licensed carrier was assumed for D2D communication. For all other cases, downlink timing is utilized.
For LTE-V2X, the downlink timing is used for mode 3 and mode 4 in ITS carrier. For a UE out of coverage, the timing of reference radio frame i is implicitly obtained from clause 4.2.3 in [TS 36.213]. As LTE-V2X does not define any licensed shared band in RAN4 for sidelink transmission, LTE-V does not have the SL-UL interference problem. 
For NR-V2X in Rel-16, it is with similar situation in LTE-V where RAN4 does not define any TDD bands shared between UL and SL, which is specified from Table 5.2-1 or Table 5.2E.1-1 in Error! Reference source not found.. Thus, RAN1 reached the agreement (copied in the Section 1) that downlink timing is used for sidelink transmission in RAN1 #101-e, when gNB/eNB is used as the synchronization reference [3]. 
For a Rel-17 UE synchronizing with gNB/eNB and operating in an ITS carrier, using downlink timing does not require a UE to perform PRACH to acquire TA command from gNB for SL transmission and idle UEs can work with each other without any timing ambiguities. Furthermore, for the co-existence of Rel-16 and Rel-17 UE, they are able to communicate with each other on dedicated carrier since downlink timing is utilized for Rel-17 UE as well.
Observation 1: DL timing is suitable for SL UE operating on ITS carrier, when gNB/eNB is used as the synchronization reference.
However, in Rel-17, when SL and Uu share same TDD band, e.g. n79, as stated by RAN4 LS, there will be interference between SL and Uu transmission, if downlink timing is still used for sidelink. As shown in Figure 1, to overcome the propagation delay, the gNB signals a timing offset between downlink reception timing and uplink timing, which is comprised of approximately TA/2 for downlink propagation time, and TA/2 forward offset for uplink propagation time. If sidelink is aligned with downlink timing, there are misalignments of slot boundary between UL and SL, SL transmission on some symbols located at slot boundary will be regarded as interference when the FFT is performed per slot. Similarly, UL transmission on some symbols will also cause interference to SL transmission or reception. However, a basic principle to design the NR V2X coexisting with Uu transmission is to avoid the interference on Uu. 
Observation 2: Using DL timing for SL transmission on a shared carrier will result in interference between sidelink and uplink transmission.   
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[bookmark: _Ref77948384]Figure 1 Sidelink timing relationship 
In order to avoid interference between SL and UL, two options are discussed by RAN4. Some companies proposed that a long enough guard period can solve this problem when SL is aligned with downlink timing. However, symbols with length of TA, marked with dark yellow as shown in Figure 1, will be punctured in each SL slot, and the larger the SCS is, the more symbols need to be punctured. Moreover, a transient time will also be considered in the guard period if SL data is transmitted followed by or following a UL slot. Since only very few symbols are left for data transmission when TA is large, keeping a long enough guard period is not a good choice.
Another possible direction to handle the misalignment issue is to reuse the timing determination mechanism in Rel-12 D2D, given Rel-12 and Rel-17 are with same operational cases that shared Uu and SL carrier are used. In order to address the interference on uplink and not introduce additional gap symbols of SL transmission, sidelink should synchronize with uplink at least when sidelink is transmitted in the shared carrier i.e. the option 2 in [1]. Therefore, there is no interference from UL to SL nor from SL to UL.
Observation 3: UL timing is beneficial for Rel-17 SL transmission in a shared carrier, when gNB/eNB is used as the synchronization reference.
Furthermore, band n79 is specified for Rel-17 UE only by now, and whether to support Rel-16 UE operating in this band is not clear yet. Considering coexistence between Rel-16 and Rel-17 UEs in n79, downlink timing should be used for Rel-17 UEs, since Rel-16 UE only support downlink timing. However, it will also lead to interference between sidelink and uplink as analyzed above. Another option is to require UEs to support both timings. However, the problem of misalignment still cannot be solved in groupcast or broadcast among Rel-16 UE and Rel-17 UEs, if only the Rel-17 UE supports two timings but the Rel-16 UE does not. Considering Rel-16 has frozen in this stage and the timing capability is a fundamental change in the physical layer, requiring all UEs to support both timings is not a good choice. Thus, Rel-17 UE shall align with uplink timing when operating on shared band such as n79 as shown in Figure 1. Since Rel-16 UE only support downlink timing, whether Rel-16 UE can operate on n79 can be further studied, if appropriate.
Proposal 1: Reply to RAN4 as follows:
· For SL transmission timing in a shared carrier, RAN1 considers Option 2 to be preferred and feasible for Rel-17 UEs, when gNB/eNB is used as the synchronization reference.
3 Conclusions 
In this contribution, we discussed the timing of SL when sidelink is transmitted in an uplink carrier.  We have the following observations and proposal: 
Observation 1: DL timing is suitable for SL UE operating on ITS carrier, when gNB/eNB is used as the synchronization reference.
Observation 2: Using DL timing for SL transmission on a shared carrier will result in interference between sidelink and uplink transmission.   
Observation 3: UL timing is beneficial for Rel-17 SL transmission in a shared carrier, when gNB/eNB is used as the synchronization reference.
Proposal 1: Reply to RAN4 as follows:
· For SL transmission timing in a shared carrier, RAN1 considers Option 2 to be preferred and feasible for Rel-17 UEs, when gNB/eNB is used as the synchronization reference.
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