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Introduction
SL timing alignment has been further discussed in last RAN4 meeting. Since there is no consensus in RAN4, an LS was sent to RAN1 in [1]. Two options are listed in the LS:
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 our further consideration on the issue.
Discussion
Based on the discussion in RAN4#98b, TDM and FDM coexistence with Uu in a license band are supported for SL communication as following:
· 1st priority: TDM including both same carrier and different carriers (single RF chain for Tx)
· 2nd priority: FDM with adjacent carrier (separate RF chain)
· 3rd priority: FDM with non-adjacent carrier (separate RF chain)
· Time mask for SL/Uu is FFS
· Synchronous operation between Uu and SL
· Whether SL Transmission to be aligned with UL timing of Uu is FFS (different from Rel-16 RRM spec)

It can be observed that the operation scenario is within license band which is different from Rel-16, thus the SL transmission timing defined in Rel-16 cannot be reused directly. The SL transmission timing should be discussed case by case based on RAN1’s specification.
In Rel-12, license band is configured for D2D communication, which can be introduced as the baseline for NR-V2X in the license band. According the specification of RAN1, the timing for sidelink is defined as following [36.211 f40]:
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Transmission of a sidelink radio frame number  from the UE shall start  seconds before the start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink or downlink transmissions earlier than  after the end of a sidelink transmission.
For PSDCH transmission and sidelink synchronization signal transmission for PSDCH:
if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2] 


-	the timing of reference radio frame  equals that of downlink radio frame  of the cell c as given in Subclause 14.3.1 of [4] and

-	 is given by clause 8.1,
otherwise 

-	the timing of reference radio frame  is implicitly obtained from [4] and

-	.
For all other sidelink transmissions:
if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]


-	the timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink and

-	 is given by clause 8.1,
otherwise 

-	the timing of reference radio frame  is implicitly obtained from [4] and

-	.



Figure 9.9-1: Sidelink timing relation.
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Based on the design of Rel-14, the sidelink transmission timing has a forward timing offset, i.e.,  for PSSCH in mode1, to the timing reference radio frame, where. Depending on the UE’s state, there are two definitions for the timing reference radio frame and the . When a UE has a serving cell which fulfills the cell selection criterion S defined in TS 38.304, and SL and Uu operate in the same carrier within the scheduling of gNB, the uplink transmission timing is used as the sidelink transmission timing. Otherwise, the downlink receiving timing is used as the sidelink transmission timing.
Observation 1: SL transmission timing is aligned with UL timing is supported for LTE D2D, which could be a reference for NR SL to avoid interference between SL and Uu in licensed bands.
Considering the propagation delay in cellular network, 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. When sidelink and uplink are TDM co-existence in the same carrier or different carriers, there is only one RF chain shared by Uu and sidelink. As shown in Figure 1, if sidelink timing is aligned with downlink timing, after an uplink slot, there is a time gap, length of TA, wasted in SL slot. When there is an uplink slot after a sidelink slot, there are several symbols should be cut to avoid interference to uplink. Thus, according to the specification of RAN1 for D2D application in licensed band, SL transmission timing could be aligned with UL transmission timing based on RAN1 specification. However, as some comments from companies, “the SL UE is in RRC_IDLE it is not connected to the network and does not have timing advance information”, it is reasonable to assume that all UEs in coverage only transmit signal in license band based on the grant from gNB, which means that a UE should be in RRC connective state before SR/BSR is reported to gNB for resouce requirement. With the above assumption, there is no case in which the UE in the RRC_IDLE state sends the SL signal on the licensed frequency band without gNB grant.
When sidelink and uplink are TDMed/FDMed with adjacent carriers, there would be a guard band in frequency domain between uplink carrier and sidelink carrier to avoid the interference between each other. For the scenario with less interference, downlink timing could be utilized. The reasons are as follows. Firstly, for configured grant, especially for mode 1 CG Type 1 and Type 2, only limited DCI or static configuration will be provided to sidelink UE from downlink. Even for the idle UE can work with these configured information. At this case, if uplink timing is used, the sidelink UE have to stop RRC connection from time to time to derive the uplink timing. It will be undesirable to waste power and frequent connection with gNB without any benefits. Secondly, for mode 2, aligned with downlink timing would make sense since UE receive only system information or UE common RRC message from gNB. Therefore, in the scenario with less interference, downlink timing is more preferable for the dedicated carrier.
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[image: C:\Users\g00443958\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\BAB08F73-6C2C-475F-800C-5B6AC14CFC0C.png]
[bookmark: _Ref71531870]Figure 1 SL timing relationship

Conclusion
This contribution provides further consideration for SL timing alignment issue. 
Observation 1: SL transmission timing is aligned with UL timing is supported for LTE D2D, which could be a reference for NR SL to avoid interference between SL and Uu in licensed bands.
Proposal 1: For sidelink transmissions, SL transmission timing should be aligned with Uplink timing when Uu and sidelink is TDMed/FDMed coexistence in the same band, especially for the same carrier scenario.
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