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1. Introduction

NR V2X is destined as 3GPP V2X phase 3 and would support advanced V2X services beyond services supported in LTE Rel-15 V2X. For the 3GPP V2X Phase 3, study item includes sidelink design as one of objectives with considering in-network coverage, out-of-network coverage and partial network coverage as below [1].

Sidelink design:
- Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including
▪ Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast

▪ Study NR sidelink physical layer structures and procedure(s)

▪ Study sidelink synchronization mechanism
▪ Study sidelink resource allocation mechanism (also including objective 3)

▪ Study sidelink L2/L3 protocols
In RAN1#94-bis meeting, following agreements and working assumption on sidelink synchronization design for NR V2X are made in RAN1 [2].

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
- 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
- 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)
- 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 carrier frequency.
In this contribution, we will discuss considerations on sidelink synchronization for NR V2X based on above agreements, and provide our views.

2. SL Synchronization information transmission
In LTE V2X, synchronization information transmission is performed to provide the synchronization information to UEs. It concerns an SLSS and the MIB-SL-V2X message. A UE transmits synchronization information either when eNB configures it to do so by dedicated signalling(i.e., NW based), or when not configured by dedicated signalling(i.e., UE based) and eNB broadcasts(in coverage) or pre-configures a threshold(out of coverage). For NR V2X, similar approach can be considered, except that either eNB or gNB may provide synchronization information to a NR V2X UE.
Proposal 1:
Both LTE and NR cell can provide the synchronization information via system information to a NR V2X UE.
3. SLSS/PSBCH time/frequency location
In LTE V2X, SLSS/PSBCH allocation in frequency domain is fixed to center of carrier. However, since it has been introduced to newly use a wider frequency band and the bandwidth part concept for a serving cell in Rel-15 NR, NR V2X synchronization should also consider the potential multiple SLSS/PSBCH transmissions within a NR carrier. In order to avoid blind search of the frequency position of SLSS/PSBCH, the frequency position of each SLSS/PSBCH should be provided by network or pre-configuration to UEs.

[image: image1.emf]Carrier    

SSB1 SSB2 SSB3 SSB4

Frequency

RMSI

NCGI = 5

RMSI

NCGI = 6

Initial BWP

Dedicated  BWP1

Dedicated  BWP2

Initial BWP

Dedicated  BWP1

Initial BWP

Dedicated  BWP1

Dedicated  BWP2

UE 1 

connected 

to NCGI 5

UE 2 

connected 

to NCGI 5

UE 3 

connected 

to NCGI 6

UL carrier

SL-SSB1

Resource pool#1

Resource pool#2

Resource pool#1

Resource pool#2

Resource pool#1

Resource pool#2

SL-SSB2

OSI OSI

Frequency

NR DL carrier

NR V2X SL carrier

NR FDD/SUL band

SL-SSB3

SLSSID=1

SLSSID=2

SLSSID=3


Figure 1. An example of association between NR OSI and S-SSBs
In Figure 1, it shows that one example related to this aspect assuming NR FDD/SUL band for NR V2X. Once a NR V2X UE gets the synchronization related information via system information e.g., OSI by the cell-defining SSB(CD-SSB) with RMSI in a serving cell, the UE can identify the information for the reception of the SLSS/PSBCH(a.k.a., S-SSB in Figure 1) such as frequency position, the number of SLSS/PSBCH in a carrier, association to a resource pool(list) and so on. In this example, both UE1 and UE2 who are associated with DL CD-SSB1 obtain the system information related to the NR V2X synchronization via e.g., OSI(green arrow in Figure 1) with Cell ID 5, while UE 3 who is associated with DL CD-SSB2 obtains the system information related to the NR V2X synchronization via e.g., OSI(blue arrow in Figure 1) with Cell ID 6. Both OSIs or pre-configuration can provide all/part of SLSS/PSBCH block information in a NR V2X carrier. The synchronization information related to SLSS/PSBCH block includes at least SLSSID, frequency/time location, association with resource pool(list). According to the synchronization information, the UEs in a serving cell may select or are configured a desirable SLSS/PSBCH block in a carrier.
Proposal 2:
Multiple SLSS/PSBCH blocks(S-SSBs) can be present in a SL carrier(frequency domain), and network(or pre-configuration) can provide the synchronization information on the SLSS/PSBCH block, such as SLSSID, frequency/time location, association with resource pool(list), etc.,
For SLSS/PSBCH in time domain, LTE V2X has specified that the subframe transmitting SLSS/PSBCH is indicated by SL-syncOffsetIndicator provided by either system information or pre-configuration based on a synchronization reference selected by a UE, i.e., for which (10∙DFN + subframe number) mod 160 = SL-syncOffsetIndicator. This principle can be maintained in the NR sidelink in addition to the structure of SLSS/PSBCH burst transmission to accommodate the multiple beam transmissions in FR2. Since NR sidelink frequency in NR V2X SID’s objectives includes both FR1 and FR2(i.e., up to 52.6 GHz) and the target is to have a common sidelink design for both FR1 and FR2 it is necessary to consider the multiple S-SSBs transmission in a period. Furthermore, whether one or multiple S-SSB(s) transmission is performed in a period can be configured by network(or pre-configuration) so that NR S-SSB design segmentation is avoided between FR1 and FR2. Therefore, how many S-SSB(s) are transmitted in a period can be configured.
Proposal 3:
One or multiple SLSS/PSBCH block(S-SSB) transmission can be configured in a period.
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Figure 2. An example of SLSS/PSBCH block(S-SSB) burst structure
If multiple S-SSB transmissions(S-SSB burst) in a period are allowed, it is necessary to discuss the S-SSB burst composition in a period similar with 5ms window of NR-Uu. Since NR DL SSB structure is a starting point, the S-SSB burst composition can be located in a window with a periodicity to maintain the most of advantages from NR DL SSB structure. If necessary, the NR DL SSB structure may be modified to meet the stringent NR V2X service requirement/deployment scenarios and SL specific characteristics such as AGC/Tx-Rx switching time, half-duplex constraint, etc. Given that there can be multiple S-SSB transmissions in a period, it needs to define the S-SSB burst window length and the starting offset relative to DFN as shown in Figure 2. Our initial view is that S-SSB burst structure is configurable by network(or pre-configuration). 
As shown in Figure 2, there is an example assuming that 30kHz SCS and 8 S-SSBs(L=8) within a single S-SSB burst window(e.g., 5ms) in a sidelink carrier are configured for a NR V2X UE. If the S-SSB burst set composition is assumed to reuse DL SSB design as much as possible, the starting point of S-SSB burst window may be for example indicated via a higher layer parameter NR SL-OffsetIndicatorSync using 5ms time unit(i.e., half frame) in a DFN. There can be of course the other alternatives such as non-5ms S-SSB burst window, floating S-SSB burst composition and so on. Therefore, it is necessary to discuss how many S-SSBs within a S-SSB burst window are supported and the S-SSB burst window length and starting point indication methods of the S-SSB burst window.
Proposal 4:
For multiple S-SSB transmissions in a period(S-SSB burst composition), NR DL SSB burst set composition is starting point with S-SSB burst window length and S-SSB burst window offset.
Proposal 5:
Further study enhancement on S-SSB structure based on NR DL SSB structure to accommodate at least sidelink specific characteristics.
4. Synchronization source selection
NR V2X communication should be performed under the control of either LTE Uu link or NR Uu link. In NR V2X synchronization point of view, NR V2X UEs may need to receive the NR V2X SL sync system information from either a network(NG-RAN) or pre-configuration, so that NR V2X UEs transmit and receive the S-SSB accordingly. As discussed in last RAN1 meeting, it was agreed that GNSS, gNB, NR UE and eNB are at least supported for NR V2X. There would be various scenarios for NR synchronization including in-coverage in a single or multiple LTE/NR cell, partial coverage and out-of-coverage as shown in Figure 3.
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Figure 3. A scenario of NR V2X Synchronization
For NR synchronization source selection, in case of IC, it is basically considered for NG-RAN to provide a parameter for sync source selection by higher layer signalling to UEs, otherwise(if not provided) UE may perform the sync source selection based on pre-defined methods, e.g., whether GNSS signal meets a threshold. Meanwhile, in case of OOC, priority rules for sidelink sync source selection should be defined as in LTE V2X, based on following types of information:
- Type of original synchronization source including network type e.g. gNB/eNB or NG-RAN

- Synchronization hop information

- Synchronization source group information e.g. NR, eNB or GNSS sync source group
In case of equal priority, RSRP and/or numerologies, e.g., SCS can be used as a tie breaking criteria. On top of those, there may be the other types for sidelink sync source selection, while LTE V2X sync source selection can be a starting point for NR sync source selection, since the synchronization source selection for LTE V2X has been well justified for sidelink synchronization in LTE network.
Proposal 6:
Synchronization source selection rules of LTE V2X can be a starting point for NR V2X synchronization.
5. Considerations on sidelink synchronization signal for NR V2X
PSSID sets and number of the PSSIDs in a set
In LTE sidelink, there are two PSSID(Physical Sidelink Synchronization Identity) sets. In each PSSID set, there are 168 PSSIDs as below.

  - id_net={0, 1, ..., 167}
  - id_oon={168, 169, ...., 335}
  - NIDSL= {0, 1, ..., 335}
  - NID(1)= NIDSL mod 168
  - NID(2)= int(NIDSL /168), NID(2)={0, 1}
For NR sidelink, there could be also two PSSID sets, i.e., id_net and id_oon if synchronization reference from NR network and synchronization reference from LTE network are not distinguish or these are distinguish by the other scheme except PSSIDs. On the other hand, id_net could be divided further if NR sidelink UE distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs in coexistence of the two networks.
In each PSSID set, the number of PSSIDs should be studied  with consideration that number of the NR PCIDs increase as 1008 from 504 which is number of the LTE PCIDs.  
Proposal 7:
For NR PSSID sets and number of the PSSIDs in a set, 
- two PSSID sets as same to the LTE sidelink, or three PSSID sets if there is need to distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs
- the number of PSSIDs in a set could be increased 
PSSS and SSSS sequence design of NR sidelink
For NR downlink, PSS and SSS sequences are based on length 127 M-sequence as below. As well known, a M-sequence is generated from a primitive polynomial with certain initial value, and the other M-sequences can be generated with application of CS(cyclic shift) values from the generated M-sequence.
- PSS

  ▪ 
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   ▪ primitive polynomial for x(m): 221(8), 10010001(2), x7+x4+1, i.e., x(i+7)=(x(i+4)+x(i))mod2
  ▪ initial value for x(m):[x(6) x(5) x(4) x(3) x(2) x(1) x(0)] = [1 1 1 0 1 1 0]

   ▪ CS values for x(m): 0, 43, 86 (3 sequences)

- SSS

  ▪ 
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  ▪ primitive polynomial for x0(m): 221(8), 10010001(2), x7+x4+1, i.e., x0(i+7)=(x0(i+4)+x0(i))mod2

  ▪ primitive polynomial for x1(m): 203(8), 10000011(2), x7+x1+1, i.e., x1(i+7)=(x1(i+1)+x1(i))mod2
  ▪ initial value for x0(m) and x1(m):[x(6) x(5) x(4) x(3) x(2) x(1) x(0)] = [0 0 0 0 0 0 1]

   ▪ CS values for x0(m): 0, 5, 10, ....., 40 (9 sequences)

  ▪ CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences)

NR sidelink SS sequences should be distinguish from NR downlink SS sequences if asynchronization network is considered. It is same to the LTE that LTE sidelink SS sequences can be distinguish from LTE downlink SS sequences by root indexes used for PSSS/PSS.
To distinguish between NR sidelink SS sequences and NR downlink SS sequences, following alternatives could be considered. 

- Alt. 1: By different  CS values
▪ primitive polynomial and initial value can be the same between NR sidelink SS sequences(PSSS/SSSS) and NR downlink SS sequences(PSS/SSS)
▪ different CS values between PSSS and PSS, and/or different CS values between SSSS and SSS is applied

- Alt. 2: By different primitive polynomials

▪ As primitive polynomial for  NR downlink SS sequences(PSS/SSS), 221(8) is used for PSS, and 221(8)/203(8)  are used for SSS. Although difference primitive polynomials are used for NR sidelink SS sequences(PSSS/SSSS), same good cross-correlation properties are applied if  primitive polynomials are included in "maximum connected set of M-sequences" as explained in [3]~[6]
Proposal 8:
For PSSS and SSSS sequence design of NR sidelink, NR sidelink SS sequences should be distinguish from NR downlink SS sequences as following alternatives
- Alt.1: by different  CS values between PSSS and PSS, and/or different CS values between SSSS and SSS
- Alt.2: by different primitive polynomials not used for PSS/SSS, but included in the same "maximum connected set of M-sequences"
6. Conclusion

In this contribution, we discussed considerations on sidelink synchronization for NR V2X based on above agreements, and provide our views with following our proposals.
Proposal 1:
Both LTE and NR cell can provide the synchronization information via system information to a NR V2X UE.
Proposal 2:
Multiple SLSS/PSBCH blocks(S-SSBs) can be present in a SL carrier(frequency domain), and network(or pre-configuration) can provide the synchronization information on the SLSS/PSBCH block, such as SLSSID, frequency/time location, association with resource pool(list), etc.,
Proposal 3:
One or multiple SLSS/PSBCH block(S-SSB) transmission can be configured in a period.
Proposal 4:
For multiple S-SSB transmissions in a period(S-SSB burst composition), NR DL SSB burst set composition is starting point with S-SSB burst window length and S-SSB burst window offset.
Proposal 5:
Further study enhancement on S-SSB structure based on NR DL SSB structure to accommodate at least sidelink specific characteristics.
Proposal 6:
Synchronization source selection rules of LTE V2X can be a starting point for NR V2X synchronization.
Proposal 7:
For NR PSSID sets and number of the PSSIDs in a set, 

- two PSSID sets as same to the LTE sidelink, or three PSSID sets if there is need to distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs
- the number of PSSIDs in a set could be increased 
Proposal 8:
For PSSS and SSSS sequence design of NR sidelink, NR sidelink SS sequences should be distinguish from NR downlink SS sequences as following alternatives
- Alt.1: by different  CS values between PSSS and PSS, and/or different CS values between SSSS and SSS
- Alt.2: by different primitive polynomials not used for PSS/SSS, but included in the same "maximum connected set of M-sequences"
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