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1 Introduction
In RAN1 #98 meeting, the synchronization reference source priority rules have been updated on sidelink synchronization mechanism.
	RAN1 #98 Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured. 

	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: gNB/eNB
· P4: UE directly synchronized to gNB/eNB 
· P5: UE indirectly synchronized to gNB/eNB
· P6: the remaining UEs have the lowest priority.
	· P0’: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 






In RAN4 #92 meeting, there are some discussion on how to facilitate the communication between UEs that synchronized to asynchronized synchronization reference sources, but no consensus was reached. The detailed WF is shown as follow.
	· Selection/Reselection to gNB or eNB in EN-DC or NE-DC
· Study potential RRM impact for following sub-bullets from RAN4 perspective 
· how to choose gNB or eNB as synchronization reference source when they’re in the same priority, and 
· how to choose serving cell as synchronization reference source when multiple active serving cells under the same RAT(NR or LTE) are configured as candidate synchronization reference sources
· how to facilitate the communication between UEs that synchronized to asynchronized synchronization reference sources. 
· Depending on RAN4 conclusions, RAN4 will inform other WGs if spec. impact to other WGs is identified.
· Study RRM impact due to timing misalignment between GNSS & gNB/eNB



In this paper, we will continue the discussion on the impact of sidelink communication in asynchronuous network.
2 Sidelink communication on asynchronous network
In legacy LTE V2X, a DFN offset with range of [0, 1]ms was introduced to avoid the GNSS sync-ed UEs transmitting sidelink signals which collide with Uu UL signals when V2X-UE is in-coverage with a serving cell on a shared carrier. In NR V2X, both eNB and gNB could be available as synchronization sources. Thus, NR V2X should consider three different timing options: GNSS, eNB and gNB, and at the same time consider the communication between UEs belonging to the different synchronization sources. 
V2X UEs cannot communicate with other UE in asynchronous scenario. For example, in EN-DC network, gNB and eNB are asynchronous. Sidelink 1 and sidelink 3 synchronized with gNB, but sidelink 2 synchronized with eNB. Actually, sidelink 1 will always send the signals based on its timing. It means sidelink 1 can’t communicate with sidelink 2. 
[image: ]
Figure 1. Multiple sidelink UEs with different SFN in asynchronous network
Let’s further look into this sidelink UE’s communication in asynchronized networks. Currently, there are two main different scenarios for these asynchronous synchronization sources.  
NR sidelink UEs are In Coverage with a serving cell on a Shared Carrier
Both NR V2X UE1 and UE2’s sidelink service are worked on shared carrier with NR Uu uplink. There are several sub-scenarios for UE1 and UE2’s synchronization status.
· Scenario 1: UE1 synced to GNSS, UE2 synced to gNB 
· Scenario 2: Both UE1 and UE2 synced to GNSS
· Scenario 3: Both UE1 and UE2 synced to gNBs, and the 2 gNBs are synchronized
· Scenario 4: Both UE1 and UE2 synced to gNBs, but the 2 gNBs are asynchronized
In sub-scenario 1, the network could reuse legacy LTE V2X’s idea to configure offsetDFN to UE2 when UE1 is synced to GNSS to align the timing between sidelink UEs. 
[image: ]
Figure 2. UE1 synced to gNB, UE2 synced to GNSS
In sub-scenario 2, there is no problem between UE1 and UE2’s communication when both UEs are synced to GNSS.
In sub-scenario 3, there is no problem for UE1 and UE2’s communication when both UE1 and UE2 are synced to gNB and gNBs are synchronized. 
In sub-scenario 4, it will be problem because communication failed between two sidelink UEs. 
Option1: network should always configure GNSS as sync. source
One possible solution is that the network should always configure GNSS-based synchronization when the network deployment is asynchronous.
However, although network configure GNSS-based synchronization, UE could still synchronized to asynchronized gNBs based on RAN1’s newest agreement (Priority P3, P4, P5 in GNSS-based synchronization). In a typical tunnel case, UE1 and UE2 cannot find the GNSS as the synchronization reference sources in the tunnel and they can only indirectly synchronize to the gNBs out of the tunnel as shown below. It’s very dangerous for these two fleet sidelink UEs which cannot communicate with each other in the tunnel based on their asynchronized synchronization reference sources.
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Figure 3. Sidelink UEs’ communication in a tunnel
Option2: network should signal the timing difference between GNSS and itself to sidelink UEs
To solve this issue, another feasible solution is that the network should send the signaling to UE to indicate the timing difference between each gNB and GNSS. In this case, UEs applying this offset are still indirectly aligning its timing to GNSS, even though they are directly sync-ed to different sync source independently. After that, UE should decide which signals should be dropped once sidelink service collide with uplink service after the timing adjustment.
Option 3: network should be synchronized
Obviously, the best solution is that the network which supports sidelink service should always be synchronized to avoid difficult communication among sidelink UEs. Once all networks supporting sidelink are synchronized, scenario 5 won’t happen.
[bookmark: _Ref20577083]Proposal 1: There are following optional solutions to solve the issues about UEs’ communication on asynchronous network:
[bookmark: _Ref19635768][bookmark: _Ref19635777]Option 1 
Step 1: The network should prioritize to configure GNSS-based synchronization when the network deployment is asynchronous.
[bookmark: _Ref15833612]Step 2: The network should send the signalling to UE to indicate the timing difference between GNSS and itself.
[bookmark: _Ref15833615]Step 3: The UEs should apply this additional offset in Sidelink when it is synchronized to gNB or eNB. The dropping rule should be used to decide whether sidelink or Uu uplink should be dropped once sidelink service collide with uplink service.
Option 2: The network which supports sidelink service should always be synchronized to avoid the difficulty communication between sidelink UE.
NR sidelink UEs are Out of Coverage on SL carrier and In Coverage with a serving cell on a non-V2X SL carrier
Both UE1 and UE2’s sidelink service are worked on dedicated carrier. There are several sub-scenarios for UE1 and UE2’s synchronization sources.
· Scenario A: UE1 synced to eNB/gNB, UE2 synced to GNSS
· Scenario B: UE1 synced to GNSS, UE2 synced to GNSS
· Scenario C: UE1 synced to eNB, UE2 synced to gNB
In scenario A, the network could reuse legacy LTE’s idea to configure offsetDFN to UE1 when UE2 is synced to GNSS. 
In scenario B, there is no problem for UE1 and UE2’s communication when both UE1 and UE2 are synced to GNSS. 
But there is a problem in scenario C because eNB and gNB could be asynchronized.
One suggestion is that all sidelink UEs should sync to gNB in EN-DC deployment, but sidelink UE had to choose eNB as synchronization reference source when there is only eNB signal available. For example, in the tunnel scenario above, UE1 and UE2 had to choose gNB and eNB as synchronization reference source when only gNB can be detected in one end of the tunnel but eNB in the other end of the tunnel.
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Figure 4. Sidelink UEs’ communication in a tunnel with different type of synchronization reference source
[bookmark: _Ref19692108]Observation 1: UE had to choose eNB as synchronization reference source when there is only eNB network deployment. 
If we re-use the idea when NR sidelink UEs are In Coverage with a serving cell on a Shared Carrier, a feasible solution is that both UE1 and UE2 should adjust their timing to align with GNSS. The eNB and gNB could configure the timing difference between GNSS and itself timing no matter eNB and gNB belong to the same operator or not. Owing to eNB and gNB timing difference could be larger than 1 slot, the range of the DFN offset can be [-5ms, 5ms].network should can signal both the slot level offset and macro micro second level offset to UEs. For example, the final offset is the offsetDFN signaling plus the slot level offset.
[image: ]
Figure 5. DFN offset adjustment when SL1 and SL2 are synced to asynchronous synchronization source
[bookmark: _Ref15833621]Proposal 2: The network should configure both DFN slot level offset and micro second level offset with range [-5ms, 5ms] to UE.
3 Summary
In this paper, we give some solutions for sidelink UEs’ communication in asynced network deployment based on RAN1’s newest NR V2X design.
Observation 1: UE had to choose eNB as synchronization reference source when there is only eNB network deployment.
Proposal 1: There are following optional solutions to solve the issues about UEs’ communication on asynchronous network:
Option 1 
Step 1: The network should prioritize to configure GNSS-based synchronization when the network deployment is asynchronous.
Step 2: The network should send the signalling to UE to indicate the timing difference between GNSS and itself.
Step 3: The UEs should apply this additional offset in Sidelink when it is synchronized to gNB or eNB. The dropping rule should be used to decide whether sidelink or Uu uplink should be dropped once sidelink service collide with uplink service.
Option 2: The network which supports sidelink service should always be synchronized to avoid the difficulty communication between sidelink UE.
Proposal 2: The network should configure both DFN slot level offset and micro second level offset with range [-5ms, 5ms] to UE.
4 Reference
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