[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #96	R1-1903165
Athens, Greece February 25th – 1st March 2019

Agenda Item:	7.2.4.1.3
Source:	Ericsson
Title:	On Synchronization for NR Sidelink
Document for:	Discussion, Decision
1	Introduction
The discussions on synchronization for NR sidelink (SL) during RAN1#ah-1901 resulted in the following agreements and working assumption:
	Agreements:
· For NR SLSS, as the baseline:
· The sequence type for S-PSS is the same type as the M-sequence used for NR-PSS
· The sequence type for S-SSS is the same type as the Gold sequence for NR-SSS

Agreements:
· The frequency location for S-SSB is (pre-) configured
· Note: it implies that there is no intended hypothses detection in frequency location of S-SSB performed by the UE for a carrier in a given band
· Note: the potential frequency locations for the (pre-)configured frequency location may be restricted, up to RAN4

Agreements:
· Combination 1:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of length-127 S-SSS 
· Frequency domain:11 or 12 RBs
· BW containing S-SSB: 
· 2.5 MHz for 15 kHz SCS
· 5 MHz for 30 kHz SCS
· 10 MHz for 60 kHz SCS
· 20 MHz for 120 kHz SCS
· Combination 2:  
· Time domain: 2 symbol of length-127 S-PSS, 2 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 3:  
· Time domain: 1 symbol of length-127 S-PSS, 1 symbol of  length-127 S-SSS 
· Frequency domain:  20 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Combination 4:  
· Time domain: 1 symbol of length-255 S-PSS, 1 symbol of  length-255 S-SSS 
· Frequency domain:  24 RBs
· BW containing S-SSB: 
· 5 MHz for 15 kHz SCS
· 10 MHz for 30 kHz SCS
· 20 MHz for 60 kHz SCS
· 40 MHz for 120 kHz SCS
· Other combinations are not precluded.
· Note:  Company should specify the assumptions, such as total energy per SSB, when the performance results are compared between different combinations.  

Agreements:
· Design Target for NR S-PSS/S-SSS:
· At least for 15 kHz SCS NR S-PSS/S-SSS, same or better coverage to that of LTE under the same Tx/Rx configuration
· Coverage:  measured in terms of coupling loss 
· MCL = P_Tx – (NF + N_floor + SINR)
· N_floor = -174 +10 log (BW)
· P_Tx = 23 dBm
· NF = 9 dB 
· SINR = -6 dB for LTE as the reference
· Companies to report detailed assumptions e.g. the detection method/probability/etc. for the target SINR
Agreements:
For the evaluation at next meeting, sequence length of  S-PSS/S-SSS for all evaluated SCS is assumed the same as that of S-PSS/S-SSS with 15 kHz SCS    
· Other sequence lengths are not precluded
Agreements:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority.


In this contribution, we present our views on different aspects related to synchronization.
2	Principles
Our previous contribution [1] proposed the following principles for NR SL synchronization design:
1. Each synchronization reference (source) is associated with a different priority level. 
2. The synchronization protocol strives for having all UEs using the top-priority synchronization reference.
3. A distributed protocol is introduced to propagate higher-priority synchronization references. The protocol must allow for the unambiguous identification of the synchronization reference and its priority.
4. For licensed carriers, appropriate measures are introduced to protect cellular users by avoiding interference from out of coverage UEs.
5. Forward compatibility is considered in the design. For example, the LTE SL synchronization signal and the PHY SL broadcast channel (SLSS/PSBCH) include some reserved bits for future use. However, their use is prevented in practice by the fact that the LTE SLSS/PSBCH protocol relies on coherently combining the transmitted signals of different users. 
The NR sidelink PHY layer is designed to operate in FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS as well as licensed bands. It is therefore important that the synchronization protocol, including the set of procedures needed for finding and selecting an appropriate synchronization reference (source) and triggering synchronization signals work in all these bands. That is, the synchronization protocol should follow a uniform design without optimization for specific frequency bands. 
Also, the NR SL is expected to support advanced multi-antenna schemes, including single (narrow or broad) beam and multi-beam operation. The synchronization procedure should support these operation modes without being specifically optimized for single or multi-beam operation.
[bookmark: _Toc525734357][bookmark: _Toc528932197][bookmark: _Toc528942422][bookmark: _Toc528942436][bookmark: _Toc528942564][bookmark: _Toc528942587][bookmark: _Toc528952095][bookmark: _Toc534920979][bookmark: _Toc534987125][bookmark: _Toc534990447][bookmark: _Toc540796][bookmark: _Toc543478][bookmark: _Toc543723][bookmark: _Toc867705][bookmark: _Toc867763][bookmark: _Toc868141][bookmark: _Toc960936][bookmark: _Toc961025][bookmark: _Toc961053][bookmark: _Toc961066][bookmark: _Toc961228][bookmark: _Toc961275][bookmark: _Toc961281][bookmark: _Toc961287][bookmark: _Toc961302][bookmark: _Toc961397][bookmark: _Toc963244][bookmark: _Toc1045354][bookmark: _Toc1047199][bookmark: _Toc1047643][bookmark: _Toc1051580][bookmark: _Toc1051627][bookmark: _Toc1051674][bookmark: _Toc1051782][bookmark: _Toc1052729][bookmark: _Toc1117678][bookmark: _Toc1123568][bookmark: _Toc1121295]The synchronization procedure should follow a uniform design in terms of operational frequency band and single or multi-beam operation.
3	Synchronization sources
During RAN1#94b it was agreed that at least GNSS, gNB, NR UE, and eNB are supported synchronization sources for NR V2X. We believe that propagation of higher-priority synchronization references should be a basic principle in the design of the synchronization framework. In our view, the usefulness of LTE UEs as synchronization source for NR SL is questionable, especially in expected deployments of NR networks. The reasons are the following:
· LTE SLSS support is optional and not widespread.
· NR UEs will communicate with other NR UEs when using the NR SL. Therefore, leaving aside practical hardware considerations, there is no motivation for having NR and LTE share a synchronization source.
Consequently, we do not believe that specifying synchronization using LTE UEs as references is important for NR V2X communications. It should only be considered if the specification were trivial (e.g., if the same procedures used for using eNB as synchronization sources could be applied to LTE UEs).
[bookmark: _Toc525734360][bookmark: _Toc528932198][bookmark: _Toc528942423][bookmark: _Toc528942437][bookmark: _Toc528942565][bookmark: _Toc528942588][bookmark: _Toc528952096][bookmark: _Toc534920880][bookmark: _Toc534920916][bookmark: _Toc534987127][bookmark: _Toc534987276][bookmark: _Toc534990430][bookmark: _Toc540747][bookmark: _Toc540801][bookmark: _Toc540850][bookmark: _Toc540901][bookmark: _Toc540982][bookmark: _Toc541070][bookmark: _Toc541121][bookmark: _Toc541179][bookmark: _Toc542952][bookmark: _Toc543483][bookmark: _Toc543663][bookmark: _Toc543693][bookmark: _Toc961428][bookmark: _Toc1033982][bookmark: _Toc1047205][bookmark: _Toc1047648][bookmark: _Toc1051590][bookmark: _Toc1051637][bookmark: _Toc1051679][bookmark: _Toc1051788][bookmark: _Toc1051825][bookmark: _Toc1052290][bookmark: _Toc1052739][bookmark: _Toc1117714][bookmark: _Toc1123573][bookmark: _Toc1121300]Support of LTE UE as a synchronization source is down-prioritized.
Regarding the case of having both eNB and gNB as available synchronization sources, we believe that the case where they have different timing references is not reasonable in practice. In our view, the eNB and gNB providing the same timing reference or communication between UEs can be assumed. Consequently, they should be considered equivalent alternatives and the choice of which signal to use for synchronization purposes should be left to UE implementation.
[bookmark: _Toc540787][bookmark: _Toc540841][bookmark: _Toc540887][bookmark: _Toc540935][bookmark: _Toc541012][bookmark: _Toc541098][bookmark: _Toc541145][bookmark: _Toc541202][bookmark: _Toc542953][bookmark: _Toc543484][bookmark: _Toc543664][bookmark: _Toc543694][bookmark: _Toc961429][bookmark: _Toc1033983][bookmark: _Toc1047206][bookmark: _Toc1047649][bookmark: _Toc1051591][bookmark: _Toc1051638][bookmark: _Toc1051680][bookmark: _Toc1051789][bookmark: _Toc1051826][bookmark: _Toc1052291][bookmark: _Toc1052740][bookmark: _Toc1117715][bookmark: _Toc1123574][bookmark: _Toc1121301]If both eNB and gNB are configured as possible synchronization references, then they are considered equivalent in all respects. Selection details are left to UE implementation.
[bookmark: _Toc1052294][bookmark: _Toc1052743][bookmark: _Toc525734362][bookmark: _Toc528932201][bookmark: _Toc528942426][bookmark: _Toc528942440][bookmark: _Toc528942568][bookmark: _Toc528942591][bookmark: _Toc528952099][bookmark: _Toc534920883][bookmark: _Toc534920919][bookmark: _Toc534987130][bookmark: _Toc534987279][bookmark: _Toc534990433]4	Synchronization procedure
The objective of the synchronization procedures is to ensure that all UEs use the top-priority synchronization reference whenever this is feasible. To this end, there is a need for a distributed mechanism, in line with the synchronization principles discussed in Section 2, that propagates the top priority synchronization signals to UEs that may be temporarily out of coverage of such signals. The elements of this distributed mechanism include involving and managing synchronization, synchronization triggering, and using synchronization priorities. These aspects are discussed in the following subsections.
[bookmark: _Toc534920888][bookmark: _Toc534920924][bookmark: _Toc534987135][bookmark: _Toc534987284]4.1	SLSS procedures
[bookmark: _Toc540750][bookmark: _Toc540804][bookmark: _Toc540751][bookmark: _Toc540805]The synchronization procedures in LTE Rel-14 require that a UE starts the SLSS synchronization procedures as soon as it loses the connection to its synchronization reference. Moreover, the UE is forced to stop transmitting/receiving almost immediately, especially if the UE lacks dedicated hardware resources for tracking SLSS signals (i.e., a shared RX chain is used for reception of regular transmission and for detecting SLSS). In practice, the internal clock of a UE drifts relatively slowly, meaning that a UE that loses connection to its synchronization reference can transmit and receive without major synchronization problems (i.e., TX-RX within CP), at least for some time. 
[bookmark: _Toc540752][bookmark: _Toc540806]Regarding the overhead associated with the SLSS procedure, we observe the following:
· [bookmark: _Toc540753][bookmark: _Toc540807][bookmark: _Toc540853][bookmark: _Toc540904][bookmark: _Toc540985][bookmark: _Toc541073][bookmark: _Toc541124][bookmark: _Toc541182]Transmission and reception of PSBCH has very minor complexity. Indeed, all cellular UEs are required to decode PBCH, which is expected to be similar to PSBCH.
· [bookmark: _Toc540754][bookmark: _Toc540808][bookmark: _Toc540854][bookmark: _Toc540905][bookmark: _Toc540986][bookmark: _Toc541074][bookmark: _Toc541125][bookmark: _Toc541183]Transmission of SLSS has also minor complexity. Detection of the SLSS in the absence of a time reference requires dedicated reception.
[bookmark: _Toc540797][bookmark: _Toc543479][bookmark: _Toc543724][bookmark: _Toc867706][bookmark: _Toc867764][bookmark: _Toc868142][bookmark: _Toc960937][bookmark: _Toc961026][bookmark: _Toc961054][bookmark: _Toc961067][bookmark: _Toc961229][bookmark: _Toc961276][bookmark: _Toc961282][bookmark: _Toc961288][bookmark: _Toc961303][bookmark: _Toc961398][bookmark: _Toc963245][bookmark: _Toc1045355][bookmark: _Toc1047200][bookmark: _Toc1047644][bookmark: _Toc1051581][bookmark: _Toc1051628][bookmark: _Toc1051675][bookmark: _Toc1051783][bookmark: _Toc1052730][bookmark: _Toc1117679][bookmark: _Toc1123569][bookmark: _Toc1121296]Transmission and reception of PBSCH and transmission of SLSS do not increase UE complexity significantly. In contrast, detection of SLSS transmissions increases UE complexity.
[bookmark: _Toc1117716][bookmark: _Toc1123575][bookmark: _Toc1121302]Transmission of SLSS/PSBCH is a mandatory UE capability.
[bookmark: _Toc540760][bookmark: _Toc540814][bookmark: _Toc540860][bookmark: _Toc540908][bookmark: _Toc540989]To enable synchronization, a few companies propose to use data-aided synchronization [2]. The rationale is that if UE1 (which has lost the connection to its synchronization reference) can correctly decode transmissions from other UEs (who are properly synchronized), then UE1 can assume that it is synchronized with the other UEs as well. Some of these contributions propose to rely on PSCCH/PSSCH to verify the synchronization state of a UE and, possibly, to apply corrections to the internal clock. To this end, they include some signaling in the corresponding channel that allows receiver UEs to identify the synchronization reference of the transmitter UE.
[bookmark: _Toc540761][bookmark: _Toc540815][bookmark: _Toc540861][bookmark: _Toc540909][bookmark: _Toc540990][bookmark: _Toc541076]In our view, it is preferable to base the synchronization on S-SSB for multiple reasons:
· [bookmark: _Toc540762][bookmark: _Toc540816][bookmark: _Toc540862][bookmark: _Toc540910][bookmark: _Toc540991][bookmark: _Toc541077]S-SSB is dedicated signaling for this purpose.
· [bookmark: _Toc540763][bookmark: _Toc540817][bookmark: _Toc540863][bookmark: _Toc540911][bookmark: _Toc540992][bookmark: _Toc541078]It identifies the synchronization reference used by the transmitter.
· [bookmark: _Toc540764][bookmark: _Toc540818][bookmark: _Toc540864][bookmark: _Toc540912][bookmark: _Toc540993][bookmark: _Toc541079]It comes at regular intervals.
Based on the above reasoning, we propose the following:
[bookmark: _Toc1117717][bookmark: _Toc1123576][bookmark: _Toc1121303]Data aided synchronization (i.e. non-SLSS) is not supported. 
However, it may be beneficial for a UE not to start the full SLSS search directly when it loses the synchronization from the (pre-)configured top synchronization source, especially when it is synchronized to GNSS (see, e.g., [2]). 
[bookmark: _Toc1047655][bookmark: _Toc1051597][bookmark: _Toc1051644][bookmark: _Toc1051686][bookmark: _Toc1051795][bookmark: _Toc1051832][bookmark: _Toc1052298][bookmark: _Toc1052747][bookmark: _Toc1123577][bookmark: _Toc1121304][bookmark: _Toc1051598][bookmark: _Toc1051645][bookmark: _Toc1051687][bookmark: _Toc1051796][bookmark: _Toc1051833][bookmark: _Toc1052299][bookmark: _Toc1052748][bookmark: _Toc1117718]If GNSS is the configured top synchronization reference, the UE starts a restricted SLSS search after losing contact with the top synchronization reference.
[bookmark: _Toc540757][bookmark: _Toc540811][bookmark: _Toc540857]The network is usually configured as top synchronization reference in licensed carriers in which V2X UEs share the resources with other UEs. Since NW timing may be different across cells, it is undesirable that UEs performs restricted SLSS search in such carriers.
[bookmark: _Toc1047210][bookmark: _Toc1047653][bookmark: _Toc1051595][bookmark: _Toc1051642][bookmark: _Toc1051684][bookmark: _Toc1051793][bookmark: _Toc1051830][bookmark: _Toc1052296][bookmark: _Toc1052745][bookmark: _Toc1117719][bookmark: _Toc1123578][bookmark: _Toc1121305]If NW is the configured top synchronization reference, the UE starts a full SLSS search after losing contact with the top synchronization reference.
[bookmark: _Toc1052302][bookmark: _Toc1052751][bookmark: _Toc540775][bookmark: _Toc540829][bookmark: _Toc540875][bookmark: _Toc540923]Conditions for triggering transmission of S-SSB (i.e., SLSS/PSBCH) are discussed in the next section. 
[bookmark: _Toc540798][bookmark: _Toc543480][bookmark: _Toc543725][bookmark: _Toc867707][bookmark: _Toc867765][bookmark: _Toc868143][bookmark: _Toc960938][bookmark: _Toc961027][bookmark: _Toc961055][bookmark: _Toc961068][bookmark: _Toc961230][bookmark: _Toc961277][bookmark: _Toc961283][bookmark: _Toc961289][bookmark: _Toc961304][bookmark: _Toc961399][bookmark: _Toc963246][bookmark: _Toc1045356][bookmark: _Toc1047201][bookmark: _Toc1047645][bookmark: _Toc1051582][bookmark: _Toc1051629][bookmark: _Toc1051676][bookmark: _Toc1051784][bookmark: _Toc1052731][bookmark: _Toc1117680][bookmark: _Toc1123570][bookmark: _Toc1121297]Support for full SLSS search may be optional.
[bookmark: _Toc540776][bookmark: _Toc540830][bookmark: _Toc540876][bookmark: _Toc540924]So far, the discussion has been restricted to the case of loss of top synchronization reference. The advantages of partial SLSS searches vanish for lower-priority synchronization references for several reasons:
· [bookmark: _Toc540777][bookmark: _Toc540831][bookmark: _Toc540877][bookmark: _Toc540925]Lower priority synchronization references are carried by SLSS, meaning that a UE synchronized to lower priority synchronization references must be capable of performing SLSS searches.
· [bookmark: _Toc540778][bookmark: _Toc540832][bookmark: _Toc540878][bookmark: _Toc540926]Lower priority synchronization references require that PSBCH is decoded. If the connection to the synchronization reference is lost, it is highly likely that PSBCH (or any other transmission from the originating UE(s)) cannot be decoded either.
[bookmark: _Toc961443][bookmark: _Toc1033997][bookmark: _Toc1047222][bookmark: _Toc1047665][bookmark: _Toc1051612][bookmark: _Toc1051659][bookmark: _Toc1051701][bookmark: _Toc1051810][bookmark: _Toc1051847][bookmark: _Toc1052314][bookmark: _Toc1052763][bookmark: _Toc540779][bookmark: _Toc540833][bookmark: _Toc540879][bookmark: _Toc540927][bookmark: _Toc541004][bookmark: _Toc541090][bookmark: _Toc541137][bookmark: _Toc541194][bookmark: _Toc542966][bookmark: _Toc543499][bookmark: _Toc543679][bookmark: _Toc543709][bookmark: _Toc1117720][bookmark: _Toc1123579][bookmark: _Toc1121306]Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference.
4.2	Synchronization triggering
A design consideration in NR has been to minimize always-on-signals to allow for a leaner interface structure and to avoid causing unwanted interference due to transmission of signals that are not needed. A UE needs to know not only what source it should synchronize to, but also if it should become a synchronization reference itself. More specifically, the question arises what should trigger a UE to transmit SL synchronization signal and specifically the S-SSB. The network should decide which UE should become the synchronization reference. The triggering conditions should preferably be preconfigured to allow for this in OOC situations as well.
[bookmark: _Toc543680][bookmark: _Toc543710][bookmark: _Toc961444][bookmark: _Toc1033998][bookmark: _Toc1047223][bookmark: _Toc1047666][bookmark: _Toc1051613][bookmark: _Toc1051660][bookmark: _Toc1051702][bookmark: _Toc1051811][bookmark: _Toc1051848][bookmark: _Toc1052315][bookmark: _Toc1052764][bookmark: _Toc1117721][bookmark: _Toc1123580][bookmark: _Toc1121307]NR V2X supports transmissions of S-SSB with (pre)configured triggering conditions.
[image: ]
Figure 1. For InC, the gNB configures which UEs should become synchronization references. For OOC, Pre-configuration determines which UEs are synchronization references.
4.3	Synchronization priorities
In our view, a single top synchronization reference should be configured from two possible alternatives: NW and GNSS. The former is necessary for in-band Uu+PC5 deployments, whereas the latter is preferable for standalone deployments (e.g., in the 5.9 GHz ITS band). 
[bookmark: _Toc540781][bookmark: _Toc540835][bookmark: _Toc540881][bookmark: _Toc540929][bookmark: _Toc541006][bookmark: _Toc541092][bookmark: _Toc541139][bookmark: _Toc541196][bookmark: _Toc542968][bookmark: _Toc543501][bookmark: _Toc543681][bookmark: _Toc543711][bookmark: _Toc961445][bookmark: _Toc1033999][bookmark: _Toc1047224][bookmark: _Toc1047667][bookmark: _Toc1051614][bookmark: _Toc1051661][bookmark: _Toc1051703][bookmark: _Toc1051812][bookmark: _Toc1051849][bookmark: _Toc1052316][bookmark: _Toc1052765][bookmark: _Toc1117722][bookmark: _Toc1123581][bookmark: _Toc1121308]A single top synchronization reference that is either NW or GNSS is configured.
In the LTE Rel-14, the SLSS procedure combines both GNSS and NW as candidate synchronization sources in the same configured procedure in two different ways:
· GNSS (and relayed GNSS) synchronization reference has higher priority than NW synchronization reference. In our view, this functionality complicates the procedure without any practical use.
· NW (and relayed NW) synchronization reference has higher priority than GNSS synchronization reference. As opposed to the previous case, this functionality may indeed be relevant and come at no increase in complexity. Nevertheless, it is questionable whether such enhancements are needed.
[bookmark: _Toc540799][bookmark: _Toc543481][bookmark: _Toc543726][bookmark: _Toc867708][bookmark: _Toc867766][bookmark: _Toc868144][bookmark: _Toc960939][bookmark: _Toc961028][bookmark: _Toc961056][bookmark: _Toc961069][bookmark: _Toc961231][bookmark: _Toc961278][bookmark: _Toc961284][bookmark: _Toc961290][bookmark: _Toc961305][bookmark: _Toc961400][bookmark: _Toc963247][bookmark: _Toc1045357][bookmark: _Toc1047202][bookmark: _Toc1047646][bookmark: _Toc1051583][bookmark: _Toc1051630][bookmark: _Toc1051677][bookmark: _Toc1051785][bookmark: _Toc1052732][bookmark: _Toc1117681][bookmark: _Toc1123571][bookmark: _Toc1121298]Combining GNSS as top synchronization reference with NW (with lower priority) has no practical use. Combining NW as top synchronization reference with GNSS (with lower priority) is useful but addresses a corner case.
In our view, the principle of operation of SLSS in NR should be the same as in LTE. We summarize it in the following proposal.
[bookmark: _Toc540782][bookmark: _Toc540836][bookmark: _Toc540882][bookmark: _Toc540930][bookmark: _Toc541007][bookmark: _Toc541093][bookmark: _Toc541140][bookmark: _Toc541197][bookmark: _Toc542969][bookmark: _Toc543502][bookmark: _Toc543682][bookmark: _Toc543712][bookmark: _Toc961446][bookmark: _Toc1034000][bookmark: _Toc1047225][bookmark: _Toc1047668][bookmark: _Toc1051615][bookmark: _Toc1051662][bookmark: _Toc1051704][bookmark: _Toc1051813][bookmark: _Toc1051850][bookmark: _Toc1052317][bookmark: _Toc1052766][bookmark: _Toc1117723][bookmark: _Toc1123582][bookmark: _Toc1121309]The synchronization procedure follows the following principles:
· [bookmark: _Toc540783][bookmark: _Toc540837][bookmark: _Toc540883][bookmark: _Toc540931][bookmark: _Toc541008][bookmark: _Toc541094][bookmark: _Toc541141][bookmark: _Toc541198][bookmark: _Toc542970][bookmark: _Toc543503][bookmark: _Toc543683][bookmark: _Toc543713][bookmark: _Toc961447][bookmark: _Toc1034001][bookmark: _Toc1047226][bookmark: _Toc1047669][bookmark: _Toc1051616][bookmark: _Toc1051663][bookmark: _Toc1051705][bookmark: _Toc1051814][bookmark: _Toc1051851][bookmark: _Toc1052318][bookmark: _Toc1052767][bookmark: _Toc1117724][bookmark: _Toc1123583][bookmark: _Toc1121310]UEs propagate their synchronization reference through SLSS.
· [bookmark: _Toc540784][bookmark: _Toc540838][bookmark: _Toc540884][bookmark: _Toc540932][bookmark: _Toc541009][bookmark: _Toc541095][bookmark: _Toc541142][bookmark: _Toc541199][bookmark: _Toc542971][bookmark: _Toc543504][bookmark: _Toc543684][bookmark: _Toc543714][bookmark: _Toc961448][bookmark: _Toc1034002][bookmark: _Toc1047227][bookmark: _Toc1047670][bookmark: _Toc1051617][bookmark: _Toc1051664][bookmark: _Toc1051706][bookmark: _Toc1051815][bookmark: _Toc1051852][bookmark: _Toc1052319][bookmark: _Toc1052768][bookmark: _Toc1117725][bookmark: _Toc1123584][bookmark: _Toc1121311]UEs continuously attempt to synchronize to higher-priority synchronization sources:
· [bookmark: _Toc540785][bookmark: _Toc540839][bookmark: _Toc540885][bookmark: _Toc540933][bookmark: _Toc541010][bookmark: _Toc541096][bookmark: _Toc541143][bookmark: _Toc541200][bookmark: _Toc542972][bookmark: _Toc543505][bookmark: _Toc543685][bookmark: _Toc543715][bookmark: _Toc961449][bookmark: _Toc1034003][bookmark: _Toc1047228][bookmark: _Toc1047671][bookmark: _Toc1051618][bookmark: _Toc1051665][bookmark: _Toc1051707][bookmark: _Toc1051816][bookmark: _Toc1051853][bookmark: _Toc1052320][bookmark: _Toc1052769][bookmark: _Toc1117726][bookmark: _Toc1123585][bookmark: _Toc1121312]by searching for higher priority SLSS transmissions.
· [bookmark: _Toc540786][bookmark: _Toc540840][bookmark: _Toc540886][bookmark: _Toc540934][bookmark: _Toc541011][bookmark: _Toc541097][bookmark: _Toc541144][bookmark: _Toc541201][bookmark: _Toc542973][bookmark: _Toc543506][bookmark: _Toc543686][bookmark: _Toc543716][bookmark: _Toc961450][bookmark: _Toc1034004][bookmark: _Toc1047229][bookmark: _Toc1047672][bookmark: _Toc1051619][bookmark: _Toc1051666][bookmark: _Toc1051708][bookmark: _Toc1051817][bookmark: _Toc1051854][bookmark: _Toc1052321][bookmark: _Toc1052770][bookmark: _Toc1117727][bookmark: _Toc1123586][bookmark: _Toc1121313]by searching for other signals that can be used for synchronization purposes (e.g., GNSS, PSS/SSS/PBCH).
Based on the preceding description, we propose the synchronization priorities in Table 1 (GNSS as top synchronization reference) and Table 2 (NW as top synchronization reference). 
[bookmark: _Ref543749]Table 1. Synchronization source priorities when GNSS is top-priority synchronization source.
	Priority
	Sync Ref
	S-SSB TX
	SLSS search

	1
	GNSS
	Yes*
	Not required

	3
	UE directly sync to GNSS
	FFS
	Partial

	3
	UE directly sync to GNSS
	Yes*
	Full

	4
	UE indirectly sync to GNSS
	Yes*
	Full

	5
	Internal clock
	Yes*
	Full


Notes:
* S-SSB transmission may depend on triggering (pre-)configuration.
[bookmark: _Ref543764]Table 2. Synchronization source priorities when NW is top-priority synchronization source.
	Priority
	Sync Ref
	S-SSB TX
	SLSS search

	1
	NW
	Yes*
	Not required**

	2
	UE directly sync to NW
	Yes*
	Full

	3
	UE indirectly sync to NW
	Yes*
	Full

	4
	Internal clock
	Yes*
	Full


Notes:
* S-SSB transmission may depend on triggering (pre-)configuration.
** May be necessary to ensure communication across cell borders (see next section).
4.4	Communication between multiple NW-connected clusters
Once a top synchronization reference is selected, only the selected synchronization reference is tracked, and no other synchronization reference is sought. Under this assumption, there may be a problem when two UEs are synchronized to different sources of equal priority (such as two different cells) which are not synchronized to each other. In such a situation, the two UEs may be unable to communicate with each other over SL. 
[bookmark: _Toc540800][bookmark: _Toc543482][bookmark: _Toc543727][bookmark: _Toc867709][bookmark: _Toc867767][bookmark: _Toc868145][bookmark: _Toc960940][bookmark: _Toc961029][bookmark: _Toc961057][bookmark: _Toc961070][bookmark: _Toc961232][bookmark: _Toc961279][bookmark: _Toc961285][bookmark: _Toc961291][bookmark: _Toc961306][bookmark: _Toc961401][bookmark: _Toc963248][bookmark: _Toc1045358][bookmark: _Toc1047203][bookmark: _Toc1047647][bookmark: _Toc1051584][bookmark: _Toc1051631][bookmark: _Toc1051678][bookmark: _Toc1051786][bookmark: _Toc1052733][bookmark: _Toc1117682][bookmark: _Toc1123572][bookmark: _Toc1121299]Communication over SL between UEs synchronized to different references of equal priority may not be possible.
This problem has existed since LTE-V2X. However, it has become more severe in NR V2X due to unicast and groupcast communication with a feedback mechanism. Employing relayed synchronizing over SLSS would not be a good strategy because then one of the UEs would have to resynchronize, thus losing the synchronization to its eNB/gNB. Each UE should therefore use the synchronization reference from its own serving cell. In addition, the sidelink synchronization transmission should not cause interference to its serving base station. Therefore, a potential solution is a UE implementation supporting multiple clocks in order to track different signals having the same synchronization priority. In this case, it is possible to use the PSBCH and broadcast system information in order to obtain the synchronization reference from other UEs connected to a different synchronization signal while keeping their own eNB/gNB synchronization. In order to trigger this scheme, the MIB-SL should contain a field (In-coverage indicator) showing that the TX-UE is under NW coverage while the RX UE has the same priority synchronization reference.
[bookmark: _Toc961451][bookmark: _Toc1034005][bookmark: _Toc1047230][bookmark: _Toc1047673][bookmark: _Toc1051620][bookmark: _Toc1051667][bookmark: _Toc1051709][bookmark: _Toc1051818][bookmark: _Toc1051855][bookmark: _Toc1052322][bookmark: _Toc1052771][bookmark: _Toc961452][bookmark: _Toc1034006][bookmark: _Toc1047231][bookmark: _Toc1047674][bookmark: _Toc1051621][bookmark: _Toc1051668][bookmark: _Toc1051710][bookmark: _Toc1051819][bookmark: _Toc1051856][bookmark: _Toc1052323][bookmark: _Toc1052772][bookmark: _Toc1117728][bookmark: _Toc1123587][bookmark: _Toc1121314]NR supports the implementation of UEs with multiple clocks to enable communication among UEs synchronized to different references with equal priority.
5	S-SSB structure
To provide low latency, fast connection establishment and a unified synchronization decoding algorithm for the receiver in both NR Uu and SL we suggest that the sidelink synchronization signal block (S-SSB) structure should strongly resemble that in NR Uu. The SSB is composed of 4 OFDM-symbols in the time domain and 20 PRBs in the frequency domain. The 127 REs in the middle of the 1st symbol are used for PSS, the 127 REs in the middle of the 3rd symbol are used for SSS, and the 240 REs in the 2nd and 4th symbol together with the 96 REs in the 3rd symbol (48 REs on each end) are used for PBCH and its DMRS. Consequently, the structure of the S-SSB is shown in Figure 2.
In line with Proposal 15, we propose to keep the resources adjacent to PSBCH (see Figure 2) empty on purpose. That would facilitate the addition of other broadcast information in the future.
[bookmark: _Toc1117729][bookmark: _Toc1123588][bookmark: _Toc1121315]The S-SSB structure is the same as in NR, keeping the same length of the sequence.
· [bookmark: _Toc1117730][bookmark: _Toc1123589][bookmark: _Toc1121316]RBs adjacent to PSBCH are left unused, reserved for future extensions.

[image: ]
Figure 2. Structure of the Sidelink Synchronization Signal Block.
5.1	Synchronization signals
To allow UEs to serve as synchronization sources, it is necessary to introduce sidelink synchronization signals (SLSS). In our view these signals should enable the following functionality:
· Allow the UE to establish time/frequency synchronization with its synchronization source.
· Allow the UE to identify the origin of the synchronization reference (GNSS, NW, UE, etc.) and derive the priority associated with the synchronization signal.
[bookmark: _Toc1117731][bookmark: _Toc1123590][bookmark: _Toc1121317]The SLSS transmitted by UEs identifies the origin of the synchronization reference and enables deriving the associated priority.
5.2	PSBCH 
At this stage, it is difficult to identify which fields ought to be carried by PSBCH. In our view, it is necessary to focus on the desired functionality. On this note, we believe that PSBCH is an instrumental component of NR SL for the following reasons:
· It allows UEs to synchronize to each other in absence of higher priority synchronization sources (e.g., NW or GNSS).
· It allows the NW to propagate information that is relevant for protection of cellular users, particularly those at cell edge. For example, in LTE SL the TDD configuration was part of PSBCH.
[bookmark: _Toc1117732][bookmark: _Toc1123591][bookmark: _Toc1121318]PSBCH is introduced in NR SL to provide the following functionalities:
· [bookmark: _Toc1117733][bookmark: _Toc1123592][bookmark: _Toc1121319]Allow UEs to synchronize to each other in absence of higher-priority references.
· [bookmark: _Toc1117734][bookmark: _Toc1123593][bookmark: _Toc1121320]Allow the NW to propagate system information for protection of cellular users.  
· [bookmark: _Toc1117735][bookmark: _Toc1123594][bookmark: _Toc1121321]Allow the NW to indirectly provide UEs basic system configuration parameters.
In our view, one important aspect to consider when designing PSBCH is the possibility of having multiple transmissions with different contents. Although we believe that conflicting configurations of PSBCH should be prevented in normal conditions by design (like in LTE), it should be possible to have transmissions of PSBCH with different fields. In other words, some UEs may transmit PSBCH containing certain fields while other UEs may transmit PSBCH containing other fields. This may be the case when UEs from different releases coexist in the same carrier. In LTE some bits were reserved for this purpose but in practice they were not usable because the protocol design assumed SFN combination of transmissions by different UEs.
[bookmark: _Toc1117736][bookmark: _Toc1123595][bookmark: _Toc1121322]The design of PSBCH allows for correct operation when different UEs transmit different fields of information following the same design as in NR.
6	Conclusions
In this contribution, we have observed the following:
Observation 1	The synchronization procedure should follow a uniform design in terms of operational frequency band and single or multi-beam operation.
Observation 2	Transmission and reception of PBSCH and transmission of SLSS do not increase UE complexity significantly. In contrast, detection of SLSS transmissions increases UE complexity.
Observation 3	Support for full SLSS search may be optional.
Observation 4	Combining GNSS as top synchronization reference with NW (with lower priority) has no practical use. Combining NW as top synchronization reference with GNSS (with lower priority) is useful but addresses a corner case.
Observation 5	Communication over SL between UEs synchronized to different references of equal priority may not be possible.
[bookmark: _In-sequence_SDU_delivery]We proposed the following:

Proposal 1	Support of LTE UE as a synchronization source is down-prioritized.
Proposal 2	If both eNB and gNB are configured as possible synchronization references, then they are considered equivalent in all respects. Selection details are left to UE implementation.
Proposal 3	Transmission of SLSS/PSBCH is a mandatory UE capability.
Proposal 4	Data aided synchronization (i.e. non-SLSS) is not supported.
Proposal 5	If GNSS is the configured top synchronization reference, the UE starts a restricted SLSS search after losing contact with the top synchronization reference.
Proposal 6	If NW is the configured top synchronization reference, the UE starts a full SLSS search after losing contact with the top synchronization reference.
Proposal 7	Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference.
Proposal 8	NR V2X supports transmissions of S-SSB with (pre)configured triggering conditions.
Proposal 9	A single top synchronization reference that is either NW or GNSS is configured.
Proposal 10	The synchronization procedure follows the following principles:
	UEs propagate their synchronization reference through SLSS.
	UEs continuously attempt to synchronize to higher-priority synchronization sources:
o	by searching for higher priority SLSS transmissions.
o	by searching for other signals that can be used for synchronization purposes (e.g., GNSS, PSS/SSS/PBCH).
Proposal 11	NR supports the implementation of UEs with multiple clocks to enable communication among UEs synchronized to different references with equal priority.
Proposal 12	The S-SSB structure is the same as in NR, keeping the same length of the sequence.
	RBs adjacent to PSBCH are left unused, reserved for future extensions.
Proposal 13	The SLSS transmitted by UEs identifies the origin of the synchronization reference and enables deriving the associated priority.
Proposal 14	PSBCH is introduced in NR SL to provide the following functionalities:
	Allow UEs to synchronize to each other in absence of higher-priority references.
	Allow the NW to propagate system information for protection of cellular users.
	Allow the NW to indirectly provide UEs basic system configuration parameters.
Proposal 15	The design of PSBCH allows for correct operation when different UEs transmit different fields of information following the same design as in NR.
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