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1 Introduction
In RAN1 #98 meeting, the synchronization reference source priority rules have been updated on sidelink synchronization mechanism and RAN1 has sent a LS[1] to RAN4 to inform this new synchronization priority rules.
	RAN1 #98 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.



In RAN4 #92 meeting, some questions are raised on how to choose gNB or eNB as synchronization reference source when they’re in the same priority, but it still has no consensus on this issue. The detailed WF is shown as follow.
	· Initiation/cease of SLSS transmission
· When NR serving cell is used as synchronization reference source, evaluation time is [X] times of NR intra-frequency measurement time. 
· 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.



In this paper, we will discuss on how to choose syncRef source when there are multiple candidate syncRef sources. Next, we will discuss the framework on initiation of SLSS transmission.
2 Reselection the Synchronization Reference Source 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 if 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 follow the above legacy LTE criteria to always use the PCell as the synchronization source in DC scenario.
One possible option is that UE will always use gNB cell as the synchronization source because the timing requirement for gNB is better than eNB. UE can obtain better timing based on gNB cell. 
Another option is that UE should choose the cell with better RSRP because the cell with better RSRP is more reliable. For example, there is an EN-DC network in the 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 is very close to gNB and dosen’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 ask 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 choose the cell with better RSRP.
[image: ]
[bookmark: _Ref16187541]Figure 1. An example of S-SSB transmission in an EN-DC scenario
[bookmark: _Ref20669724][bookmark: _Ref19958513]Observation 1: From RAN4’s view, the rule of chosen synchronous reference source is ambiguous in EN-DC and NE-DC scenario.
[bookmark: _Ref20670058]Proposal 1: There are three possible options for UE to choose synchronization reference source when V2X sidelink frequency is out-of-coverage and Uu link is in-coverage in DC network,
Option 1: UE shall always choose gNB as synchronization reference source; 
[bookmark: _Ref19958516]Option 2: UE shall choose PCell or PScell as synchronization reference source based on their RSRP values;
Option 3: UE shall always choose a fixed base station(e.g. gNB) as synchronization reference source when both PCell and PSCell’s RSRP values are larger than a threshold configured by network; otherwise, UE shall choose PCell or PScell as synchronization reference source based on their RSRP values. 
In current RAN2’s agreement, UE will reselect the best cell in the highest priority frequency based on R criteria. Thus, the idea of choosing SyncRef source based on RSRP value could be re-used when multiple active serving cells in the highest frequency as candidate synchronization reference sources. 
[bookmark: _Ref19721454]Proposal 2: UE shall choose the synchronization reference source based on their RSRP when multiple active serving cells as candidate synchronization reference sources.
Detectable Condition
The condition for a NR V2X SyncRef UE is considered to be detectable is similar as the condition of detectable intra-frequency cell in NR. NR V2X SyncRef UE shall be considered detectable (and with the same Spatial Rx parameter in FR2) for each relevant SSB when:
· S-RSRP related side condition should be fulfilled for a corresponding band;
· S-SSB_RP and S-SSB Ês/Iot condition should be fulfilled for a corresponding band
In legacy LTE V2X, the SCH Ês/Iot condition is 0dB when considering SLSS transmission dropping rate because the SNR usually is higher in typical V2X scenario. Currently, in NR V2X, it’s better to follow LTE V2X’s side condition as the baseline.  
[bookmark: _Ref16773715]Observation 2: SCH Ês/Iot condition is 0dB when considering SLSS transmission dropping rate in legacy LTE V2X.
[bookmark: _Ref20577978]Proposal 3: S-SSB_RP and S-SSB Ês/Iot condition is 0dB followed legacy LTE V2X.
Dropping Rate
In LTE V2X, UE is required to identify SyncRef UE that is sync. to GNSS directly or in-directly within 1.6 seconds, and the maximum allowed data dropping rate is 30% (480ms). The 30% is derived by assuming that UE monitors 3 full SLSS periods. In these 3 SLSS period, UE needs to detect S-PSS/S-SSS and decode PSBCH which carries the In-Coverage indication. Now RAN1 is discussing whether carry this In-Coverage indication bit in MIB or outside by PSBCH DMRS. If this bit is carried by PSBCH DMRS, UE should only detect PSBCH DMRS similar as SSB time index detection behavior in NR FR1. This could speed up the SLSS search and reduce the drop rate. At the same time, now two symbols of 127 sequence are used for each of S-PSS and S-SSS in RAN1 design which is much better than NR and LTE-V2X. It can foresee the better S-PSS/S-SSS detection performance and lower dropping rate. 
In LTE V2X, UE is required not to drop any V2X data transmission when UE is synced to a SynceRef UE that is synced to GNSS directly or in-directly. The reason is that the V2X transmission data should be public safety information in LTE V2X, so that the V2X data transmission should have higher priority than sync. source reselection. 
However, in NR V2X, other not important information, such as entertainment news would also be transmitted by group-cast and unicast except the public safety information. At the same time, the feedback channel is introduced in NR. Whether the PSFCH transmission could be dropped should also be considered. Thus, RAN4 should re-consider the dropping rule for reselecting the sync. source.
[bookmark: _Ref16184843]Observation 3: Compared to legacy LTE V2X UE, NR V2X UE could have better S-PSS/S-SSS detection rate and lower dropping rate for selection/reselection of V2X synchronization reference source.
[bookmark: _Ref20669609]Proposal 4: RAN4 should discuss the dropping rule for reselecting the sync. source.
PBCH Decoding
In LTE V2X, UE has to decode PBCH to obtain the In-Coverage bit to know if the SyncRef UE is directly or indirectly synced to GNSS/eNB. This is used for the priority group selection since SyncRef UEs directly synced to GNSS/eNB has higher priority than SyncRef UEs indirectly synced to them. In NR V2X, another option is to carry this indicator outside the MIB similarly as NR SBI. RAN4 should wait RAN1’s discussion on how to carry this indicator to decide to evaluate PBCH decoding performance or DMRS detection performance.
[bookmark: _Ref16253632]Proposal 5: RAN4 should wait RAN1’s PSBCH design to decide which procedure should be evaluation, PSBCH decoding or PSBCH DMRS detection.
3 Initiation/Cease of SLSS transmission
UE could have such different syncRef sources below based on RAN1’s newest agreement, but currently RAN4 don’t know how to use the measure metric to evaluate whether initiation/cease of SLSS transmission. RAN4 should wait RAN2 to clarify the procedure of initiation/cease of SLSS transmission.
[bookmark: _Ref19721457]Proposal 6: RAN4 should wait RAN2 to clarify the procedure of initiation/cease of SLSS transmission.
Measurement Time
· gNB/eNB as SyncRef source
From RAN4’s understanding, UE should measure the RSRP of the syncRef cell and evaluate the RSRP lower than a SLSS transmission threshold or not. This delay requirement could directly re-use NR intra-frequency measurement with/without gaps requirement when NR cell is the synchronization reference source. It could also directly refer to LTE intra-frequency measurement requirement as legacy LTE V2X when LTE cell is the synchronization reference source.
[bookmark: _Ref19721461]Proposal 7: The measurement time could re-use NR intra-frequency measurement with/without gaps time when gNB is used as synchronization reference source.
[bookmark: _Ref19721464]Proposal 8: The measurement time could re-use LTE intra-frequency measurement time when eNB is used as synchronization reference source.
· GNSS as SyncRef source
In legacy LTE V2X, UE will always transmit the SLSS when UE is out of coverage on the sidelink carrier and choose GNSS as SyncRef source. There is no need to define this requirement on this scenario. In another scenario, UE should measure and evaluate the RSRP of the serving cell when UE is out of coverage on the sidelink carrier and in-coverage with a serving cell on a non-V2X carrier. UE still has to keep measuring gNB/eNB to know whether it is enter the coverage of a BS. The corresponding measurement requirements can refer to the previous discussion when gNB/eNB as SyncRef source, following the same rule as LTE V2X.
[bookmark: _Ref19721466]Proposal 9: The measurement time could follow the discussion on gNB/eNB as SyncRef source when GNSS is used as synchronization reference source.
· SyncRef UE as SyncRef source
Side Condition
Compared with legacy LTE V2X, the channel condition of typical application scenarios are the same. Thus, RAN4 could re-use legacy LTE V2X S-RSRP side condition in NR V2X.
[bookmark: _Ref19721469]Proposal 10: Re-use legacy LTE V2X S-RSRP side condition in NR V2X S-RSRP measurement simulation.
Measurement Time
The S-RSRP measurement time will deduce by the measurement simulation. It is suggested RAN4 could have some agreements on the simulation assumption and companies are encouraged to give the simulation results after aligning the simulation assumption.
Evaluation Time
In last RAN4 meeting, an agreement for evaluation time when NR serving cell is used as synchronization reference source is shown as follow. Generally, the evaluation time for UE to check whether the channel condition fulfills one criteria should be a multiple of the measurement periods for RSRP/S-RSRP because the small scale fading impact should be alleviated within the evaluation time. Thus, it’s better to use the same framework for all the SyncRef source scenario. 
	· Initiation/cease of SLSS transmission
When NR serving cell is used as synchronization reference source, evaluation time is [X] times of NR intra-frequency measurement time.


[bookmark: _Ref19721472]Proposal 11: When SyncRef UE is used as synchronization reference source, evaluation time is [X] times of S-RSRP measurement time.
[bookmark: _Ref19721475]Proposal 12: When LTE serving cell is used as synchronization reference source, evaluation time is [X] times of LTE intra-frequency measurement time.
4 Summary
In this paper, we have some discussion on how to choose syncRef source in EN-DC network and the requirement about initiation of SLSS transmission.
Observation 1: From RAN4’s view, the rule of chosen synchronous reference source is ambiguous in EN-DC and NE-DC scenario.
Observation 2: SCH Ês/Iot condition is 0dB when considering SLSS transmission dropping rate in legacy LTE V2X.
Observation 3: Compared to legacy LTE V2X UE, NR V2X UE could have better S-PSS/S-SSS detection rate and lower dropping rate for selection/reselection of V2X synchronization reference source.
Proposal 1: There are three possible options for UE to choosing synchronization reference source when V2X sidelink frequency is out-of-coverage and Uu link is in-coverage in DC network,
Option 1: UE will always choose gNB as synchronization reference source; 
Option 2: UE shall choose PCell or PScell as synchronization reference source based on their RSRP values;
Option 3: UE shall always choose gNB as synchronization reference source when both PCell and PSCell’s RSRP values are larger than a threshold configured by network; otherwise, UE shall choose PCell or PScell as synchronization reference source based on their RSRP values. 
Proposal 2: UE shall choose the synchronization reference source based on their RSRP when multiple active serving cells as candidate synchronization reference sources.
Proposal 3: S-SSB_RP and S-SSB Ês/Iot condition is 0dB followed legacy LTE V2X.
Proposal 4: RAN4 should discuss the dropping rule for reselecting the sync. source.
[bookmark: _GoBack]Proposal 5: RAN4 should wait RAN1’s PSBCH design to decide which procedure should be evaluation, PSBCH decoding or PSBCH DMRS detection.
Proposal 6: RAN4 should wait RAN2 to clarify the procedure of initiation/cease of SLSS transmission.
Proposal 7: The measurement time could re-use NR intra-frequency measurement with/without gaps time when gNB is used as synchronization reference source.
Proposal 8: The measurement time could re-use LTE intra-frequency measurement time when eNB is used as synchronization reference source.
Proposal 9: The measurement time could follow the discussion on gNB/eNB as SyncRef source when GNSS is used as synchronization reference source.
Proposal 10: Re-use legacy LTE V2X S-RSRP side condition in NR V2X S-RSRP measurement simulation.
Proposal 11: When SyncRef UE is used as synchronization reference source, evaluation time is [X] times of S-RSRP measurement time.
Proposal 12: When LTE serving cell is used as synchronization reference source, evaluation time is [X] times of LTE intra-frequency measurement time.
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