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Introduction
The work item of 5G V2X with NR sidelink was approved in RAN#83[1], in RAN1#97 meeting, synchronization mechanism for NR sidelink was discussed with following agreements and working assumptions [2]:

Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
Agreements:
The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
Agreements:
The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms
Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.
Agreements:
At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)
In this contribution, we will discuss and give our views on the issues for support of synchronization in NR sidelink.
Discussion
Synchronization Source Selection
In LTE V2X, a very comprehensive sync source selection procedure was specified based on following general principles:
· Prioritize sync source that can provide common time/frequency reference;
· Prioritize sync source that can provide accurate time/frequency reference;
· Prioritize sync source that can minimize impact to Uu operation;
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Figure 1. Priority order for out of coverage UE defined in Rel-14 LTE V2X
Priority order of different sync sources determined according to the principles above for out of coverage UE is shown in Figure 1. Basically, the same principles can be reused for NR V2X. E.g. one carrier can be (pre-)configured to prioritize either GNSS or gNB/eNB as LTE V2X, on top of this configuration, a priority order for different types of sync sources can be determined, and UE selects sync source based on the measurement and the priority rule. 
In the last RAN1#96, the following working assumption on sync source priority order was achieved [3]:

	Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	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: 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. 





As the priority order is applied to both in coverage and out of coverage UEs, the eNB/gNB should also be added to the end of the priority order for GNSS-based synchronization (left column of the table). Furthermore, “remaining UEs” in P3 may include UEs using timing originated from GNSS and UEs using timing originated from eNB/gNB, in case of GNSS-based synchronization, only the UEs using timing originated from GNSS should be included in P3. Moreover, as discussed below on synchronization sources, a NR sync source UE may transmit either LTE SLSS/PSBCH or NR S-SSB or both of them. As the accuracy of timing/frequency reference provided by a sync source UE is only related to the hop number of the UE, the type of sync signal/channel transmitted by a sync source UE should not impact the priority order of the UE. This should also be clarified in the working assumption.
Proposal 1: 
· Following modification should be made to the working assumption achieved in RAN1#96 on sync source order:
·  Add eNB/gNB to the end of the priority order of GNSS-based synchronization;
· Clarify that “remaining UEs” in P3 are UEs using timing originated from GNSS;
· Clarify that priority order of a sync source UE is irrelevant to the type of sync signal/channel (i.e. LTE SLSS/PSBCH or NR S-SSB) transmitted by the UE. 
As typically eNB has much larger coverage than gNB, in case of eNB and gNB are synchronized, e.g. in non-standalone NR network, it is beneficial to configure an eNB as sync source even though sidelink configurations are provided by gNB. Note that this is different from the mechanism in LTE sidelink, where the eNB providing sidelink configuration is used as sync source.  In this case, both eNB and the gNB can be used as sync source. If UE can detect both the configured eNB and the gNB, the priority order between the two can be determined according to the RSRP rule, i.e. the sync source with higher RSRP is prioritized.
Proposal 2: 
· Configuring eNB as sync source via sidelink configuration signalling from gNB should be supported.
S-SSB transmission
ZC sequences orthogonal to LTE PSS sequences are used in LTE sidelink to avoid the impact to LTE cellular operation, the similar design can be reused for NR sidelink.
Proposal 3: 
· S-PSS sequence(s) should be orthogonal to NR PSS sequences.
Within one S-SSB transmission period, the number of S-SSB(s) to be transmitted was discussed last meeting with 3 alternatives agreed.  The number of needed S-SSBs in a period relates to several factors, e.g. the carrier frequency, GNSS-based synchronization or gNB/eNB based synchronization, the coverage status or GNSS or gNB/eNB in a region, etc. From this sense, it is beneficial that the number of S-SSB per period is (pre-) configurable. In addition, the UE out of coverage should be aware of the periodicity of S-SSB of a carrier, hence, the number of S-SSB per period should be pre-configured instead of configured.
Proposal 4: 
· From transmitter perspective, the number of S-SSB(s) transmitted within P1is pre-configurable.
An NR UE is supposed to have both LTE V2X operation and NR V2X operation on multiple carriers. On the carrier(s) for LTE V2X the NR UE has to transmit SLSS and PSBCH to support synchronization of legacy LTE UEs. If the NR UE is required to transmit S-SSB additionally, transmission overhead and Tx capability requirement may increase, and the NR S-SSB may also be duplicated (from timing acquisition point of view) if the LTE V2X carrier is synchronized to the NR sidelink carrier. Hence, if NR UE has LTE V2X operation and NR V2X operation simultaneously, and the timing of LTE V2X carrier and NR V2X carrier are synchronized, it is beneficial that the NR UE only transmits LTE SLSS/PSBCH. If some configuration information of NR sidelink carrier (e.g. BW, BWP, etc.) needs to be conveyed via PSBCH, the reserved bits in LTE PSBCH can be used.
In LTE V2X, three triggering conditions for SLSS/PSBCH transmission are defined:
· Receiving instruction from eNB;
· Directly synchronize to GNSS and out of coverage;
· RSRP w.r.t. the sync reference is lower than specific threshold;
These behaviors can be used as the start point for S-SSB transmission in NR V2X. 
Proposal 5: 
· For UE having LTE V2X operation and NR V2X operation on synchronized carriers, it should be allowed to only transmit LTE SLSS/PSBCH on the LTE V2X carrier.
Sync Sources
In Rel-14 LTE V2X, UE can achieve time and frequency synchronization based on GNSS, eNB or a UE that transmitting SLSS and PSBCH, where the eNB can be on the same carrier as the sidelink operation or on a different carrier. In Rel-15 sidelink carrier aggregation, UE can use sync reference on one carrier for all other aggregated sidelink carriers, and UE can transmit SLSS/PSBCH on only one carrier or multiple carriers depending on UE capability. In general, sync source in LTE is able to provide time-frequency reference, and also the configurations of the sidelink carrier, e.g. bandwidth, TDD configurations, etc. for other UEs.
In NR V2X, as agreed in RAN1#94bis, at least GNSS, gNB, eNB, and NR UE can be used as sync reference. As NR UE may have LTE V2X and NR V2X simultaneously, and NR V2X sidelink can be synchronized with LTE V2X sidelink, in this case, as discussed above, it is beneficial that the NR UE only transmit LTE SLSS/PSBCH if the LTE PSBCH suffice to convey some necessary configuration information of NR sidelink carrier (e.g. BW, BWP, etc.). From this point of view, a NR UE should be able to use LTE SLSSS/PSBCH transmitted by another NR UE as a sync source. Since SLSS/PSBCH transmitted by LTE UE cannot be changed, especially a NR UE cannot obtain some configuration information that may be needed for NR sidelink operation from SLSS/PSBCH transmitted by LTE UE, therefore LTE UE cannot be used as sync source.
Proposal 6: 
· NR UE transmitting LTE SLSS/PSBCH should be used as sync source for NR sidelink;
· LTE UE is not used as sync source for NR sidelink.
According to the requirements defined in 22.886 [4], NR V2X needs to support the coverage of more than 1000m, if UE directly using the timing derived from the eNB/gNB or UE, due to the propagation delay of synchronization signal, the timing used by a sidelink transmitter and receiver 1000m apart can differ by 3.33us,  and in the end up to 6.66us timing difference between reception timing and received sidelink channels can be observed due additional propagation delay of the sidelink channels, as shown in Fig. 2 below. On sidelink, CP is supposed to accommodate timing difference between reception timing and received signal, however, CP length supported in NR V2X are all shorter than 6.66us. Hence, to ensure 1000m coverage requirement, one receiver should be mandated to receive sidelink channels according to at least 2 different timings.


Figure 2. Up to 6.66us timing difference can be observed at the receiver
Proposal 7: 
· Receiver should be mandated to receive sidelink channels according to at least 2 different timings in NR V2X.
Conclusion
In this contributions, we discussed the issues for support of synchronization in NR sidelink, we have following proposals:
Proposal 1: 
· Following modification should be made to the working assumption achieved in RAN1#96 on sync source order:
·  Add eNB/gNB to the end of the priority order of GNSS-based synchronization;
· Clarify that “remaining UEs” in P3 are UEs using timing originated from GNSS;
· Clarify that priority order of a sync source UE is irrelevant to the type of sync signal/channel (i.e. LTE SLSS/PSBCH or NR S-SSB) transmitted by the UE. 
Proposal 2: 
· Configuring eNB as sync source via sidelink configuration signalling from gNB should be supported.
Proposal 3: 
· S-PSS sequence(s) should be orthogonal to NR PSS sequences.
Proposal 4: 
· From transmitter perspective, the number of S-SSB(s) transmitted within P1is pre-configurable.
Proposal 5: 
· For UE having LTE V2X operation and NR V2X operation on synchronized carriers, it should be allowed to only transmit LTE SLSS/PSBCH on the LTE V2X carrier.
Proposal 6: 
· NR UE transmitting LTE SLSS/PSBCH should be used as sync source for NR sidelink;
· LTE UE is not used as sync source for NR sidelink.
Proposal 7: 
· [bookmark: _GoBack]Receiver should be mandated to receive sidelink channels according to at least 2 different timings in NR V2X.
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