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1. Introduction
In RAN1#96b, it was agreed that sidelink SSB has a bandwidth of 11 RBs, and 2 symbols are used for each of S-PSS and S-SSS. In RAN1#97 and RAN1#98, more agreements were further reached [1] [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 number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.

Agreements:
· NR S-SSB structure for NCP is as follows:
[image: cid:image005.jpg@01D55F4D.7F45F7B0]
· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6
· It is up to RAN4 to decide whether a transient period is necessary or not. If so, to address the transient period, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol. 

Agreements:
· 160ms is supported as the S-SSB periodicity for all SCS.
· The number of S-SSB transmissions within one S-SSB period is (pre)configurable
· For FR1:
· For 15kHz SCS, {1, [2]}
· For 30kHz SCS, {1, 2, [4]}
· For 60kHz SCS, {1, 2, 4, [8]}
· For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
· FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition?, etc.)
· Note: the values in bracket are subject to further discussion regarding potential removal all-together

Agreements:
· RS based synchronization can be supported by UE implementation without RAN1 specification impact.




In this contribution, we discuss the remaining issues related to SL synchronization signal design and procedure based on the outcome achieved in past few RAN1 meetings.
2. Sidelink SSB Design
In this section, we discuss the remaining open issues related to S-SSB design.
2.1 SLSS Sequences
[bookmark: _Hlk21003003]In RAN1#98, it was agreed to support 672 SLSS IDs with the combination of {2 S-PSS candidates * 336 S-SSS candidates} for those SLSS IDs. The sequences to use for S-PSS and S-SSS are FFS. To differentiate the V2X S-PSS from NR Uu PSS, while still keeping large degree of commonality with the NR PSS/SSS sequences to enable hardware reuse at the receiver, we propose to have different CSs than NR Uu PSS (in particular the CSs for NR S-PSS are {21, 64}), and NR Uu SSS sequences can be reused for NR S-SSS.
Proposal 1:  NR S-PSS uses the same polynomial as NR PSS (i.e., x7+x4+1) and the same initial value, but uses cyclic shifts {21, 64} (that differ from NR Uu PSS).
Proposal 2:  S-SSS reuses the sequences of NR Uu SSS.
2.2 NR PSBCH Design
2.2.1 PSBCH Contents
NR PBCH carries parameters that are necessary for UE to be synchronized to network. Some of those parameters are also useful for sidelink:
· System Frame Number: this is needed to indicate frame number on sidelink (10 bits).
· SSB index: this is needed for sidelink considering the repetition requirement of SSB (number of bits FFS). We will discuss the repetition later.
Besides those parameters already in NR Uu PBCH payload, there are other parameters that may be needed for sidelink.
· In-Coverage indication: this parameter will function similarly as in LTE V2X (1 bit).
Proposal 4: PSBCH carries sidelink frame number, sidelink SSB index, and coverage status indication.
There are other parameters that may be necessary for sidelink in certain scenarios but could not be accommodated by PSBCH considering its limited capacity. One example is TDD configuration. TDD configuration is necessary when V2X is deployed on TDD spectrum, especially when UE is out of network coverage but is synchronized to a base station (partial coverage). However, NR TDD configuration is very flexible, which means a large number of bits is needed to convey the configuration. For example, ~50 bits are needed to configure the two common TDD UL/DL patterns. Considering that the large number of bits is needed, it seems not feasible to carry TDD configuration in PSBCH.
[bookmark: _Hlk21003018]Observation 1: overhead of signalling for NR TDD configuration is too large for PSBCH.
Therefore, we need to study other options to convey TDD configuration, as well as other necessary sidelink system configurations. One option to address the issue is to introduce SIB for NR sidelink. This SIB carries information that is necessary for UE to communicate on sidelink in certain scenarios. For example, TDD configuration is indicated by the sidelink SIB when sidelink shares TDD spectrum, sidelink resource pool configuration is indicated by the SIB when sidelink shares licensed spectrum. A straightforward implementation may be, the sidelink SIB is sent using PSSCH.
Alternatively, a set of parameters can be preconfigured for sidelink sharing TDD spectrum. Specifically, a limited number of TDD UL/DL configurations can be preconfigured. When UEs communicating on sidelink require TDD configuration, one of the preconfigured configurations can be selected and indicated by S-SSB. Considering the standardization effort, complexity, and the signalling overhead, this approach is the most viable for V2X use cases.
[bookmark: _Hlk21003040]Proposal 5: A set of TDD configurations and their associated parameters are (pre)configured, and PSBCH sends the index into that (pre)configured set TDD configurations in PSBCH. 
2.2.2 Channel Estimation for PSBCH 
There was also a discussion in the last meeting on the method for channel estimation for PSBCH. We propose to use DMRS for PSBCH channel estimation and reuse the NR Uu PBCH DMRS design for the same.
Proposal 6: PSBCH transmissions reuse the NR Uu PBCH DMRS design and assume DMRS based channel estimation for PSBCH decoding.
3. Sidelink SSB Repetition
SSB repetition is necessary for beam sweeping in FR2. While in FR1, SSB repetition has the potential to improve the detection performance. SSB repetition is already a key feature in NR Uu, it is natural that NR sidelink follows the same design principle.
For NR sidelink, SSB repetition also has the potential to improve synchronization performance comparing to LTE sidelink. In a network with hierarchical synchronization structure, it is important that synchronization source with higher priority is prioritized. Specifically, timing derived from a UE directly synchronized to GNSS usually has higher reliability than timing derived from a UE indirectly synchronized to GNSS; and ideally, a UE should always be synchronized to a source with higher reliability. 
We can simply take advantage of SSB repetition to achieve this. For example, when multiple SSB resources are configured within an SSB period, a UE with higher priority may send SSB in more resources than a UE with lower priority. As a result, it would be more probable that a UE is synchronized to a higher priority UE when searching for SSB. The details can be discussed further.
[bookmark: _Hlk21003013]Proposal 7: SSB repetition is supported for NR sidelink; the repetition is performed such that, SSB transmission from a higher priority synchronization source is repeated more times than SSB from a lower priority synchronization source.
4. Synchronization Procedure – Correction to R14/R15 Procedure
In this section, we provide our proposals on NR synchronization procedure. 
We provide some simulation results and propose a correction to the R14/15 procedure. This correction is needed to facilitate merging of asynchronous clusters. 
[bookmark: _Ref534967876]We evaluated the performance of the distributed synchronization procedure as defined in R14/15 using assumptions in Appendix B 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 R14 procedure that prevents different independent clusters to merge.
In case of no-GNSS UEs, all the UEs that are synchronization sources are independent synchronization sources and choose an ID between 170-335. 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 R14/15 procedure in merging of independent clusters
For the example scenario above, the UE at the edge of the cluster may see other SyncRef UE from another cluster but may not (re)select to the other cluster as RSRP to the SyncRef UE in current cluster. This will naturally form a boundary around the clusters where the UEs at the boundary don’t leave there 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 170-335 have the same priority. In contrast, if we say priority of 170 > 171 > .. > 335, then the clusters will always try to merge towards the lowest priority SyncRef UE it detects within the OOC set (as long RSRP>threshold to ensure quality of the SyncRef UE is above a threshold as per current specification). When a UE decides to be become independent synchronization source, it still randomly picks up a SLSIID within the set [170, 355] as per R14/15 specification. 
Simulation results in Fig.2 show the PRR and synchronization performance to illustrate that 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). Hops are colour coded as follows: first hop (blue), second hop (red), third hop (yellow), fourth hop (purple). 
Table 1: 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.
	R14/15 procedure
	R14/15 procedure + lower SLSS ID having higher priority than higher SLSS ID (as proposed)
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	[image: ]



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.
Based on the above rationale and system simulations, we propose the following correction to the R14/15 SLSS based synchronization procedure.
[bookmark: _Hlk21003052]Proposal 8: NR SyncRef UE (re)selection is enhanced from R14/15 SLSS based synchronization procedure by allocating higher priority to lower SLSS (SSB) ID within the out-of-coverage SLSS (SSB) ID set.
5. Conclusion
In this contribution, we propose the following aspects for NR V2X synchronization study:
(Synchronization signal design)
Proposal 1:  NR S-PSS uses the same polynomial as NR PSS (i.e., x7+x4+1) and the same initial value, but uses cyclic shifts {21, 64} (that differ from NR Uu PSS).
Proposal 2:  S-SSS reuses the sequences of NR Uu SSS.
Proposal 3: Use same MPR for S-PSS and S-SSS (and S-PSBCH) for S-SSB structure.
Proposal 4: PSBCH carries sidelink frame number, sidelink SSB index, and coverage status indication.
Observation 1: Overhead of signalling for NR TDD configuration is too large for PSBCH.
Proposal 5: A set of TDD configurations and their associated parameters are (pre)configured, and PSBCH sends the index into that (pre)configured set TDD configurations in PSBCH. 
Proposal 6: PSBCH transmissions reuse the NR Uu PBCH DMRS design and assume DMRS based channel estimation for PSBCH decoding.
(SS-SSB repetition)
Proposal 7: SSB repetition is supported for NR sidelink; the repetition is performed such that, SSB transmission from a higher priority synchronization source is repeated more times than SSB from a lower priority synchronization source.
(Synchronization requirements and procedure)
Proposal 8: NR SyncRef UE (re)selection is enhanced from R14/15 SLSS based synchronization procedure by allocating higher priority to lower SLSS (SSB) ID within the out-of-coverage SLSS (SSB) ID set.
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Appendix A

Simulation and Modelling Assumption for the Results in Section 4
	Parameter
	Value / Comment

	Drop
	Urban Drop

	XO time/frequency drift model
	


	Tx accuracy requirements
	Maximum timing error 12Ts (391ns)
Maximum frequency error  

	Rx modelling to incorporate time/frequency errors
	Declare decode failure if not ISI-free reception

CP- + CP+ = 2.3us; CP- = 0.25 * 2.3us; CP+ = 0.75 * 2.3us
Note: Alternately, we can also consider ISI/signal ratio being above a threshold (e.g. 10 or 20dB) for more realistic modelling of system performance.

Declare decode failure if frequency error not within CFO pull range of 1 kHz

If ISI-free and CFO within pull range, decoding is attempted as normal based on the link level performance curves. 



Appendix B. 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:

[bookmark: _GoBack]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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