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1. Introduction
In prior RAN1 meetings, the following agreements regarding the NR V2X synchronization procedure have been reached:
	Agreements:
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.
 Agreements:
· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL
· FFS SSIDs used for each priority
· FFS other potential impacts due to P3/P4/P5
· FFS whether there is an issue with prioritization among references of the same priority
Agreements:
672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set id_net {0, 1, …, 335}
· Set id_oon{336, 337, 338, …, 671}
· The usage of 0 is the same as 0 as in LTE
· The usage of 336 is the same as 168 as in LTE
· The usage of 337 is the same as 169 as in LTE
Agreements:
Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.
Agreements:
· RS based synchronization can be supported by UE implementation without RAN1 specification impact.
Agreements:
         For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•                 P0: GNSS 
•                 P1: UE directly synchronized to GNSS 
•                 P2: 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. 


· When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2




While it is agreed to largely leverage LTE V2X synchronization procedure for NR V2X (in particular, w.r.t. procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference), it was identified that further study is needed to determine “whether there is an issue with prioritization among references of the same priority”. The technical issue under consideration is if some enhancements are needed to allow for merging of independent synchronization clusters in the NR V2X synchronization procedure.
In this contribution, we propose a simple enhancement to enable merge of independent synchronization clusters in the NR V2X distributed synchronization procedure.

2. Enabling merge of independent synchronization clusters
[bookmark: _Ref534967876]We evaluated the performance of the distributed synchronization procedure using the R14/15 LTE V2X synchronization procedure as the baseline and using assumptions in Appendix A assuming no UEs are under GNSS coverage (i.e., no UEs can be synchronized to GNSS). In this case, multiple independent synchronization sources are formed. However, during this exercise, we noticed an issue in the baseline R14 procedure that prevents different independent clusters to merge. In general, synchronisation is a critical component of V2X communications and since the ultimate goal of sidelink synchronisation is to achieve common synchronisation, sidelink synchronisation should aim to form a single, unified cluster and avoid the formation of multiple clusters.
In case of no-GNSS UEs, all the UEs that are synchronization sources are independent synchronization sources and choose an ID between 338-671. In terms of SyncRef UE (re)selection, the priority of all such independent synchronization sources is assumed to be the same and SyncRef UE (re)selection is done based on RSRP alone. This presents a problem in merging of asynchronous clusters (even when some of the UEs can see the other cluster).


Fig. 1: Illustration of the problem in baseline R14/15 procedure in merging of independent clusters
For the example scenario above, the UE at the edge of cluster 1 sees another UE synchronized to SyncRef UE from cluster 2 but may not (re)select to the other cluster as the RSRP to SyncRef UE in the current cluster is higher. This will naturally form a boundary around the clusters where the UEs at the boundary do not leave their cluster even though they can detect SyncRef UEs of other clusters. This problem can also be observed at the system level simulations as presented below.
The problem occurs since all the IDs in 338-671 have the same priority. In contrast if we say priority of 338 > 339> .. > 671, then the clusters will always try to merge towards the lowest priority SyncRef UE it detects within the OOC set (as long as RSRP>threshold to ensure quality of the SyncRef UE is above a threshold, as per current specification). When a UE decides to become an independent synchronization source, it still randomly picks up a SLSSID within the set [338, 671] as per R14/15 specification. 
Simulation results in Fig.2 show the PRR and synchronization performance to illustrate that the problem occurs in system simulations as well and can severely affect system performance (due to lack of common network wide synchronization).
[image: cid:image002.png@01D54C80.9AC6EAB0]
[bookmark: _Ref16769502]Fig. 2: PRR vs Distance for (a) Perfect GNSS synchronization, (b) Sidelink synchronization without any GNSS using R14/15 procedure, and (c) Sidelink sync with lower OOC SLSS ID having higher priority than higher SLSS ID
The PRR performance loss shown in Fig. 2 for the baseline R14/15 procedure occurs due to having multiple independent clusters co-existing even over a large period of simulation time (20sec). 


	R14/15 procedure
	R14/15 procedure + lower SLSS ID having higher priority than higher SLSS ID (as proposed)
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Fig 3: Snapshot of synchronization links in the system after much runtime (20sec) in system without any GNSS-synced UEs. Note left figure (R14/15) leads to 2 independent clusters remaining, while right figure with the proposed change has only a single cluster. Independent synchronization sources are shown using cyan-coloured squares and highlighted in the figure.
Note in the figures above, hops are colour coded as follows: first hop (blue), second hop (red), third hop (yellow), and fourth hop (purple). Layout as wraparound, but hops are shown as direct lines.
We further emphasize the aspects related to the above observations:
· How relevant is this scenario? It was debated whether this scenario can occur often in practice. It should be noted that it is quite common for independent clusters to form in a real deployment. Long tunnels and underground or multi-storied parking lots are two very common and extremely relevant scenarios where independent clusters are easily formed. In a long tunnel, two independent clusters may form at the two ends and though UEs in the centre of the tunnel can see both the clusters, they will not merge based on the R14/15 procedure. Similarly, for multi-storied or underground parking lots (where there is no GNSS coverage and V2X communication is greatly beneficial), such independent clusters are easily formed. Various use cases captured in [4] also depends on robust synchronisation mechanism. In case of public safety, it is also common that different sets of first responders work in areas like the basement of different buildings, forming independent clusters due to Rel-14/15 procedures. Whereas merger of such cluster will be highly desired.

· [bookmark: _GoBack]In the simulation results whether mobility and/or time will alleviate this problem? It is emphasized that the simulation results presented above are with actual UE mobility. Further, note that even after 20seconds of simulation time, there are two independent clusters that persists in the system and do not merge (with baseline R14/15 mechanism). In [5], more simulation results have been provided.

· Any impacts due to P3/P4/P5? In prior meetings, some concerns were raised for the case when P3/P4/P5 are enabled based on pre-configuration and if this inhibits UEs to prioritize the gNB timing, as in such a scenario it might be desired to prioritize S-RSRP over priority (i.e. prefer minimizing interference to gNB over merging of clusters). However, given that it is possible to pre-configure P3/P4/P5 and it is also possible to select SynchRef selection criteria based on RSRP or based on SLSS ID for P6, NW operators will have the flexibility to choose a desired criterion based on the preference.  RSRP based criteria can be selected if interference mitigation is prioritised than larger clusters as per NW operator policy.

Based on the above rationale and system simulations, we propose the following enhancement to the baseline LTE V2X synchronization procedure as critical addition to enabling merge of independent synchronization clusters 
[bookmark: _Hlk21003052]
Proposal 1: If (pre)-configured in a carrier, the mechanism given below replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case.
· For the prioritization among references of the same priority for P6/P6’ UE, UEs select the lowest SLSS ID SynchRefUE among the SyncRefUEs with RSRP>threshold. 

Proposal 2: Future work on sidelink enhancements should aim to avoid formation of clusters.

3. Conclusions
In this contribution, we propose the following enhancement to the baseline LTE V2X synchronization procedure to enabling merge of independent synchronization clusters.
[bookmark: _Hlk30509829]Proposal 1: If (pre)-configured in a carrier, the mechanism given below replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case.
· For the prioritization among references of the same priority for P6/P6’ UE, UEs select the lowest SLSS ID SynchRefUE among the SyncRefUEs with RSRP>threshold. 

Proposal 2: Future work on sidelink enhancements should aim to avoid formation of clusters.
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Appendix A. Synchronization simulation modelling
UE oscillator modelling (frequency drift modelling at the UE)
When the UE is directly synchronized to GNSS, we assume that the oscillator can be perfectly disciplined and results in zero time/frequency error for communications. This is an idealistic assumption but does not affect message of this simulation. Practically there will still be some residual time/frequency error but will be quite small and can be modelled as such as well without changing the results presented in this contribution.
When the UE loses GNSS coverage, the XO drift is modelled as:

where  is the time elapsed since the UE was synchronized to GNSS (i.e. start of drift) and  is the frequency uncertainty of the oscillator. The corresponding timing uncertainty is then the area under the triangle as:

If the UE is synchronized to another UE, the time and frequency uncertainty in the synchronization source is accounted for as an offset in the above equations, i.e. Tunc = Tunc (source) + Tunc (XO); Func = Func(source) + Func(XO). The oscillator still drifts from the time got synchronized to the UE.
At the initial time of drop, if the UE is not synchronized to GNSS, the timing and frequency uncertainty is chosen uniformly in [-3.5us 3.5us] and [-100ppb, 100ppb], respectively. 
UE time / frequency error requirements for transmission
We assume the minimum requirements from R-14 on time/frequency error requirements for transmission, i.e. maximum timing error is within 391ns and the maximum frequency error is 0.1ppm.
Based on the model above, if the UE loses GNSS synchronization, the UE can still guarantee that it can meet the time and frequency error requirements for the following times, respectively:
For , 
For , 
Modelling of time/frequency error in reception
Given the timing/frequency errors at the transmitter and the receiver, we use the following model to assume if the Rx UE can receive the transmission from the Tx UE.
For timing difference, we assume the receiver assumes that the packet should arrive within [CP-, CP+] of its own reference timing (that could offset from the true timing by the timing uncertainty at the receiver), where CP- + CP+ = CP (length of cyclic prefix) that is assumed to be 2.3us in this simulation. We model ISI-free reception, such that is the transmission can be received only if there is no-ISI affect. Clearly this is a pessimistic assumption (particularly for lower MCS), nonetheless, can still help us to motivate the non-SLSS based synchronization. Under realistic assumptions, the argument / benefits of non-SLSS based synchronization become even more compelling. 
For ISI-free reception, we want to have



Fig. B.1: Modelling assumption for ISI-free reception at the receiver
For frequency error between transmitter and receiver, we assume a CFO pulling range of 1kHz (that can be achieved by DMRS symbols that are 0.5ms apart (slot length with 30kHz SCS).
For the simulation results presented in this contribution,  is assumed to be 25% of the entire CP duration, and  is assumed to be 75% of the CP duration. 
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