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1. Introduction
In RAN4#98-bis-e meeting, the synchronization issues, including SL transmission timing and SL synchronization reference source, were discussed with the WF [1] approved. Also, much effort was paid on the corresponding LS but without consensus achieved in RAN4. This contribution will further provide our views and analysis on synchronization issues between NR SL and NR Uu.
2. Discussion
As per the WF [1], the agreements concerning transmission timing and synchronization reference source are listed as below:
	SL transmission timing
· Options
· Option 1: RAN4 follow existing Rel-16 agreement, i.e. SL transmission timing aligned with DL timing of Uu.
· Option 2: RAN4 reconsider the Rel-16 agreement and to see if SL transmission timing can be aligned with UL timing of Uu.
· WF
· To be further discussed. Send LS to RAN1 if RAN4 have any agreement/ divergence on this issue. 
SL synchronization reference source 
· Options
· Option 1: RAN4 decide to configure network based synchronization as higher priority in case SL and Uu operate in the same licensed band.
· Option 2: RAN4 follow the existing RAN1 design on sync reference source. 
· Option 3: Leave this issue to RAN1 for decision and send LS to RAN1 to clarify the situation in RAN4
· Option 4: Send LS to RAN1 if RAN4 have any agreement/divergence on this issue.
· WF
· Option 2.



Transmission timing between SL and Uu
In Rel-16 NR V2X, NR SL transmission timing is aligned with Uu UL timing based on the agreements in TS 38.133. The similar discussion on transmission timing of SL and Uu and its potential interference was involved in Rel-16 NR V2X.
However, the interference between SL and Uu will be inevitable if the same SL transmission timing applies in case SL and Uu are operated in the same licensed band with TDM mode. Especially for the same carrier for SL and Uu, the interference arising from timing misalignment is a tough issue that has high demand to be addressed. For different carriers for SL and Uu, such potential interference seems not to be tough issues due to FDM operation. 

Figure 1: Uu timing and SL timing

In Figure 1, a time gap of TA appears between SL timing and UL timing. Also the time used for SL Rx and Uu Tx switching should be considered. The detailed interference case is illustrated in Figure 2. It can be observed from Figure 2 the overlapping part of UL slot and SL Rx slot (blue shadow part) implies Uu UL transmission has interference to SL reception due to the timing misalignment of SL and UL. Nevertheless, SL transmission has no interference to Uu DL reception as SL timing is aligned with Uu DL timing. 


Figure 2: UL Tx interfering to SL Rx

We know the last symbol of each V2X slot is punctured as guard period. So the following cases can be derived:
a. If the timing advance plus switching time is above the length of one symbol, Uu UL transmission inevitably has interference to SL reception. 
b. If the timing advance plus switching time is less than the length of one symbol, Uu UL transmission has no interference to SL reception. 
More specifically, for a cell with the radius of 15km, NTA can be calculated as:
TA = NTA + NTA offset = (2*15*103/3*10^8)*106μs + 13μs = 113μs
As per TS 38.133 clause 7.1.2, NTA offset is approximately 13μs (25600*Tc). TA length is 113μs. The switching time used for SL Rx and Uu Tx switching is 13μs. So the total time should be 126μs (113μs+13μs) that is much larger than the length of a symbol (71.35μs for 15kHz SCS). 
Apparently, the guard period of V2X is not capable of containing the overall overlapping time such that the interference is inevitable and could deteriorate particularly for a relatively larger cell and larger SCS.  
To address this, the following two potential solutions are derived:
Solution 1: SL timing aligned with UL timing of Uu.
Solution 2: Only allow Uu UL transmission prior to SL reception and transmission, i.e. configure SL Rx/Tx slots to be located in the back of Uu UL Tx slots.
Solution 1 is to keep SL timing aligned with Uu UL timing. With Solution 1, the interference arising from timing misalignment between SL and Uu could be avoided. Nevertheless, several negative issues were raised by companies. For example, RRC_IDLE mode V2X UE is not able to gain timing advance information. Also, legacy Rel-16 V2X UE would be impacted if only allow Rel-17 SL timing to be aligned with Uu UL timing. Given that this has conflict with current RAN1 design, an LS is expected to be sent to reflect the current situation in RAN4. 
Solution 2 is to configure SL Rx/Tx slots to be located in the back of UL Tx slots. Figure 3 is an example of solution 2. In Figure 3, the headmost three slots, i.e. slot#0, slot#1, slot#2, are used for UL transmission while slot#4 is used for SL reception. Due to the timing difference between UL Tx and SL Rx, there is always a time gap of TA between UL Tx slot and SL Rx slot. With this configuration, the above interference could be fully avoided no matter how large the cell range and SCS are. 


Figure 3: An example of solution 2
Based on above analysis, it is proposed to consider the above two solutions to timing misalignment issue between SL and Uu.
Proposal 1: To send an LS to RAN1 to reflect the current situation on SL transmission timing in RAN4.
Proposal 2: To consider the following two solutions to timing misalignment issue between SL and Uu:
Solution 1: SL timing aligned with UL timing of Uu.
Solution 2: Only allow Uu UL transmission prior to SL reception and transmission, i.e. configure SL Rx/Tx slots to be located in the back of Uu UL Tx slots.
Synchronization reference source for SL 
When SL and Uu are operated in the same licensed band, timing alignment issue needs to be studied, particularly for TDD synchronization scenario. In such a case, synchronization reference source of SL and timing advance of SL are involved. In Rel-16, three types of synchronization reference sources, namely GNSS, network and SyncRef UE, are defined for NR V2X. If NR Uu and NR SL use the same timing advance and sync reference source, it is expected that NR Uu and NR SL are timing aligned as V2X UEs is usually closely located. 
In RAN4#98-bis-e meeting, it was agreed that RAN4 follow the existing RAN1 design on sync reference source. If the LS will be sent out for SL transmission timing issue, it is proposed to include the sync reference source together with SL timing issue in the LS.
Proposal 3: If the LS will be sent out for SL transmission timing issue, it is proposed to include the sync reference source together with SL timing issue in the LS.
3. Conclusion
This contribution further discusses the synchronous operation between Uu and SL in licensed band. The following proposals are derived:
Proposal 1: To send an LS to RAN1 to reflect the current situation on SL transmission timing in RAN4.
Proposal 2: To consider the following two solutions to timing misalignment issue between SL and Uu:
Solution 1: SL timing aligned with UL timing of Uu.
Solution 2: Only allow Uu UL transmission prior to SL reception and transmission, i.e. configure SL Rx/Tx slots to be located in the back of Uu UL Tx slots.
[bookmark: _GoBack]Proposal 3: If the LS will be sent out for SL transmission timing issue, it is proposed to include the sync reference source together with SL timing issue in the LS.
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