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[bookmark: _Ref477948028]Introduction
In this contribution, we provide our views on several remaining issues about SL synchronization. 
SL timing derived from gNBs in different frequency layers w/o synchronization
In LTE V2X, DFN offset with up to 1ms was introduced for V2X UEs synced with GNSS to derive the eNB timing on the frequency shared for both uu and SL operations. The purpose is to align GNSS timing with eNB timing to avoid the mutual interference between V2X UEs and cellular UEs due to the different timing references.
UE1 and UE2’s sidelink service is worked on shared carrier with Uu uplink. There are several scenarios for UE1 and UE2’s synchronization status with the potential solutions.
· Scenario 1: UEs are synced to GNSS and/or BSs wherein BSs are synced within the same frequency layer and across the frequency layers
· Solution: The existing signaling OffsetDFN can be used to align GNSS towards BS timing for a common SL timing
· Scenario 2: UEs are synced to GNSS and/or intra/inter-frequency BSs wherein BSs are synced within the same frequency layer but asynced across the frequency layers 
· Solution: The new signaling, OffsetCommonGNSS (including DFN offset, slot offset and/or symbol offset),  is provided by BSs with a common value for the corresponding V2X frequency layer to derive the common SL timing on the V2X frequency layer from the current serving cell timing based on a common reference GNSS timing.
· Scenario 3: UEs are synced to GNSS and/or intra/inter-frequency BSs wherein BSs are asynced within the same frequency layer.
· Solution: The new signaling, OffsetCommonGNSS (including DFN offset, slot offset and/or symbol offset), is provided by BSs with a cell specific value for the corresponding V2X frequency layer to derive the common SL timing on the V2X frequency layer from the current serving cell timing based on a common reference GNSS timing.
We should at least address Scenario 2 for UEs synced to the gNBs in the different frequency layers without synchroinization.
[bookmark: _Ref15833618][bookmark: _Ref15833621]Proposal 1: For Scenario 2 (i.e., UEs are synced to GNSS and/or gNBs in the different frequency layers wherein gNBs are synced within the same frequency layer but asynced across the frequency layers), the new signaling, e.g., OffsetCommonGNSS , should be provided by gNBs for the corresponding V2X frequency layer to derive the common SL timing based on a common reference GNSS timing.

(Re-)selection of SyncRef in EN-DC/NE-DC network
In legacy LTE, when UE selects a cell used for synchronization reference and DL measurements, UE should select the intra-frequency cell within the frequency used to transmit the V2X sidelink communication when UE is in coverage of the frequency. Otherwise, UE will select the PCell or the serving cell as synchronization reference when UE is out of coverage.
	A UE capable of V2X sidelink communication that is configured by upper layers to transmit V2X sidelink communication shall: 
1> for each frequency used to transmit V2X sidelink communication, select a cell to be used as reference for synchronisation and DL measurements in accordance with the following: 
2> if the frequency concerns the primary frequency: 
3> use the PCell (RRC_CONNECTED) or the serving cell (RRC_IDLE) as reference; 
2> else if the frequency concerns a secondary frequency: 
3> use the concerned SCell as reference; 
2> else if the UE is in coverage of the concerned frequency: 
3> use the DL frequency paired with the one used to transmit V2X sidelink communication as reference; 
2> else (i.e., out of coverage on the concerned frequency): 
3> use the PCell (RRC_CONNECTED) or the serving cell (RRC_IDLE) as reference, if needed;


From RAN1’s agreement, in NR, both eNB and gNB can be the synchronization source and they’re in the same synchronization priority. Thus, in EN-DC/NE-DC network, there is an ambiguity on whether to follow the above legacy LTE criteria by always selecting the PCell as the synchronization source in DC scenario.
One possible option is that UE will always select gNB cell as the synchronization source because the timing requirement for gNB defined by RAN4 is better than eNB. UE can obtain better timing based on the gNB cell. 
Another option is that UE should select the cell with better RSRP because the cell with better RSRP is more reliable. For example, there is an EN-DC network in Figure 1. RSRP of gNB(PSCell) is obviously better than the RSRP of eNB(PCell) for UE-2. If UE only selects the synchronization source based on PCell, UE2 will miss the better synchronization source(gNB).   
If SLSS transmission is based on PCell’s RSRP, UE-2 will transmit the SLSS. However, UE-2, close to gNB, doesn’t need to transmit the SLSS based on PSCell’s RSRP. SyncRef UE as sync source to transmit SLSS is a supplement mechanism of gNB/eNB as sync source and has lower synchronization priority. The system should be designed to minimize the need to transmit S-SSB, because it could increase the additional interference in the SLSS resources. Thus, it’s not preferred to require UE-2 to transmit the SLSS. 
The third option is that UE will always choose fixed base station (e.g., always NR gNB) as synchronization source when both gNB and eNB’s RSRP are good enough because the timing requirement for gNB is better than eNB. But when any of cell’s RSRP is lower than the threshold, it could believe this cell is unreliable. For example, in the Figure 1, both gNB and eNB’s RSRP to UE1 would be worse than a RSRP threshold. In this case, UE will always select the cell with better RSRP.
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[bookmark: _Ref32668567]Figure 1. An example of S-SSB transmission in an EN-DC scenario
[bookmark: _Ref20669724][bookmark: _Ref24202084][bookmark: _Ref19958513]Observation 1: The rule of selecting the synchronous reference source is ambiguous for UEs with EN/NE-DC operations.
[bookmark: _Ref20670058][bookmark: _Ref24202106][bookmark: _Ref19958516]Proposal 2: UEs in the EN/NE-DC operation shall always select gNB (or always select eNB) as synchronization reference source by (pre-)configuration when both PCell and PSCell’s RSRP values are higher than a threshold (pre-)configured by network. 
Conclusion
The following summarizes the observations:
Observation 1: The rule of selecting the synchronous reference source is ambiguous for UEs with EN/NE-DC operations.
The proposals are summarized as below:
Proposal 1: For Scenario 2 (i.e., UEs are synced to GNSS and/or gNBs in the different frequency layers wherein gNBs are synced within the same frequency layer but asynced across the frequency layers), the new signaling, e.g., OffsetCommonGNSS , should be provided by gNBs for the corresponding V2X frequency layer to derive the common SL timing based on a common reference GNSS timing.
Proposal 2: UEs in the EN/NE-DC operation shall always select gNB (or always select eNB) as synchronization reference source by (pre-)configuration when both PCell and PSCell’s RSRP values are higher than a threshold (pre-)configured by network.
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