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1	Introduction
RAN approved the study item (SI) on NR V2X in [1], where one of the objectives is to study sidelink (SL) synchronization mechanisms for NR V2X. 
The discussions during RAN1#94b resulted in the following agreements and working assumption:
	
Agreements:
· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour). 
· Whether a source is supported is for further NR V2X UE capability consideration. 

Agreements:
· NR V2X sidelink operation includes the following cases:
· NR V2X sidelink is synchronized with LTE V2X sidelink.
· NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure.

Agreements:
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB).

Agreements:
· Periodic transmission of S-SSB in NR V2X is supported.
· FFS:  whether one/more S-SSB is transmitted in a period.

Working assumption: 
· For the purpose of evaluation, the initial frequency error should be within ± [5] ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization. 
· Note: This is the error of the local oscillator for the Tx and Rx with respect to the absolute carrer frequency.



In this contribution, we present our views on different aspects related to synchronization.
2	Principles
[bookmark: _GoBack]Our previous contribution [2] 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 to protect cellular users are introduced to avoid 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 by 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]Proposal 1 	The synchronization procedure should follow a uniform design in terms of supporting 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 real deployments. The reasons are the following:
· LTE SLSS support is optional and not widespread.
· NR UEs will communicate with other NR UEs. 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. 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]Proposal 2	Support of LTE UE as a synchronization source is down-prioritized.
4	Synchronization signals
4.1	NR UE as synchronization reference
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.
· 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: _Toc525734361][bookmark: _Toc528932199][bookmark: _Toc528942424][bookmark: _Toc528942438][bookmark: _Toc528942566][bookmark: _Toc528942589][bookmark: _Toc528952097]Proposal 3 		The SLSS transmitted by UEs identify the origin of the synchronization reference and allow for deriving the associated priority.
4.2	SLSS sequence design
To allow for an accurate timing and frequency estimation, it is important to consider the sequence design. For the initial access, especially in the high frequency band, the frequency error may be larger than the working assumption ±5 ppm. Therefore, robust sequences that can handle the error in time and frequency are needed to avoid ambiguous estimation.
The sequences may be based on the PSS / SSS structure in NR: Zadoff-Chu- / M-sequences. They could be configured for SL and adopted to suit the V2X environment. However, other sequences may also be considered. Key factors when designing the sequence include:
· Low cubic metric.
· Good auto- and cross-correlation properties.
· Sequence length allowing for
· sufficiently many orthogonal or close-to-orthogonal sequences.
· a sufficiently large number of PHY cell identifiers (PCID) that can be encoded.
· low miss detection rate for a given SNR.
[bookmark: _Toc528932200][bookmark: _Toc528942425][bookmark: _Toc528942439][bookmark: _Toc528942567][bookmark: _Toc528942590][bookmark: _Toc528952098]Proposal 4 	The SLSS sequence design should be studied considering robustness to errors, correlation, cubic metric, and sequence length. 
4.3	Synchronization priorities
There are two top-synchronization references: 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). The UE behavior can be summarized as follows:
· The UE should continuously strive to synchronize to a source of as high priority as possible. 
· UEs should by (pre)configured to prioritize either the NW or GNSS.

We propose that a UE continuously propagates its synchronization reference through the SLSS and, unless it is synched to the source of highest priority, it should try to synchronize to higher-priority synchronization sources by reading SLSS. Our proposal for determining what source a UE should synchronize to is given in Table 1
[bookmark: _Ref528932154]Table 1. Synchronization priorities and UE behavior.
	Synchronization source
	UE behavior

	Top priority (GNSS / NW)
	Propagate synchronization

	Relayed top priority
	Propagate synchronization
Attempt to synchronize directly to top priority
Continue reading SLSS 

	Second priority (NW / GNSS)
	Propagate synchronization
Attempt to synchronize directly to top priority
Read SLSS searching for relayed top-priority

	Relayed second priority
	Propagate synchronization
Attempt to synchronize directly to top or second priority
Read SLSS searching for relayed top-priority

	Internal clock
	Propagate synchronization
Attempt to synchronize directly to top or second priority
Read SLSS searching for relayed top-priority or second-priority


[bookmark: _Toc525734362][bookmark: _Toc528932201][bookmark: _Toc528942426][bookmark: _Toc528942440][bookmark: _Toc528942568][bookmark: _Toc528942591][bookmark: _Toc528952099]Proposal 5	The synchronization procedure follows the following principles:
· [bookmark: _Toc525734363][bookmark: _Toc528932202][bookmark: _Toc528942427][bookmark: _Toc528942441][bookmark: _Toc528942569][bookmark: _Toc528942592][bookmark: _Toc528952100]UEs propagate their synchronization reference through SLSS.
· [bookmark: _Toc525734364][bookmark: _Toc528932203][bookmark: _Toc528942428][bookmark: _Toc528942442][bookmark: _Toc528942570][bookmark: _Toc528942593][bookmark: _Toc528952101]UEs continuously attempt to synchronize to higher-priority synchronization sources.
· [bookmark: _Toc525734365][bookmark: _Toc528932204][bookmark: _Toc528942429][bookmark: _Toc528942443][bookmark: _Toc528942571][bookmark: _Toc528942594][bookmark: _Toc528952102]By searching for other SLSS transmissions.
· [bookmark: _Toc525734366][bookmark: _Toc528932205][bookmark: _Toc528942430][bookmark: _Toc528942444][bookmark: _Toc528942572][bookmark: _Toc528942595][bookmark: _Toc528952103]By searching for other signals (e.g., GNSS, PSS/SSS/PBCH).
5	PSBCH
At this stage of the V2X SI, 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.
· It allows the NW to convey UEs a basic configuration in an indirect manner, reducing the signaling overhead in licensed carriers. For example, if a narrowband LTE carrier is used to control a wideband NR carrier. This is illustrated in Figure 1 and elaborated further in Section 2.2 in [2].

[image: ]
[bookmark: _Ref525729441]Figure 1. Relayed NW configuration: the NW provides one UE some basic system configuration parameters (e.g., through RRC). This UE relays these parameters to other UEs using PSBCH over SL.

[bookmark: _Toc525734367][bookmark: _Toc528932206][bookmark: _Toc528942431][bookmark: _Toc528942445][bookmark: _Toc528942573][bookmark: _Toc528942596][bookmark: _Toc528952104]Proposal 6	PSBCH is introduced in NR SL to provide the following functionalities:
· [bookmark: _Toc525734368][bookmark: _Toc528932207][bookmark: _Toc528942432][bookmark: _Toc528942446][bookmark: _Toc528942574][bookmark: _Toc528942597][bookmark: _Toc528952105]Allow UEs to synchronize to each other in absence of higher-priority references.
· [bookmark: _Toc525734369][bookmark: _Toc528932208][bookmark: _Toc528942433][bookmark: _Toc528942447][bookmark: _Toc528942575][bookmark: _Toc528942598][bookmark: _Toc528952106]Allow the NW to propagate system information for protection of cellular users.  
· [bookmark: _Toc525734370][bookmark: _Toc528932209][bookmark: _Toc528942434][bookmark: _Toc528942448][bookmark: _Toc528942576][bookmark: _Toc528942599][bookmark: _Toc528952107]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 coherent combination of transmissions by different UEs.
[bookmark: _Toc525734371][bookmark: _Toc528932210][bookmark: _Toc528942435][bookmark: _Toc528942449][bookmark: _Toc528942577][bookmark: _Toc528942600][bookmark: _Toc528952108]Proposal 7		The design of PSBCH allows for correct operation when different UEs transmit different fields of information.
6	Conclusions
Based on our observations we have proposed the following:
Proposal 1 	The synchronization procedure should follow a uniform design in terms of supporting single or multi-beam operation.
Proposal 2	Support of LTE UE as a synchronization source is down-prioritized.
Proposal 3 	 The SLSS transmitted by UEs identify the origin of the synchronization reference and allow for deriving the associated priority.
Proposal 4 	The SLSS sequence design should be studied considering robustness to errors, correlation, cubic metric, and sequence length.
Proposal 5	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 other SLSS transmissions.
o	By searching for other signals (e.g., GNSS, PSS/SSS/PBCH).
Proposal 6	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 7	 The design of PSBCH allows for correct operation when different UEs transmit different fields of information.
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