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1. Introduction

In RAN#83, NR V2X WI has been approved to specify the NR V2X operations for supporting the advanced NR V2X services as well as basic safety services. The following objectives are for sidelink synchronization mechanism captured from NR V2X WID [1].

Sidelink synchronization mechanism in NR V2X WID:
- Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
▪ Procedures selecting synchronization reference
▪ S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
▪ Use of RS for sidelink synchronization if specification impact is identified
Furthermore, some working assumptions and agreements are reached based on the discussions in RAN1#98 meeting as below [2].
Agreements in RAN1#98 meeting:
- For S-SSB pattern design, the first symbol is PSBCH.
▪ Note: no specific symbol(s) reserved for AGC tuning
- The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.
- NR S-SSB structure for NCP is as follows:
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▪ 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.
- 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.)
- RS based synchronization can be supported by UE implementation without RAN1 specification impact.
According to the guidance from the WID and above agreements, in this contribution, we seek to present our view on sidelink synchronization mechanism for NR V2X.
2. SLSS/PSBCH block design (SL-SSB)
In LTE V2X, SLSS/PSBCH allocation in frequency domain is fixed to the center of carrier. However, since NR-V2X has been considered to newly deploy a wider frequency band similar with NR, it can consider the potential multiple SLSS/PSBCH presences in a SL carrier in order to provide reliable synchronization accuracy accordingly. In order to avoid blind search on the frequency position of SLSS/PSBCH block (SL-SSB), the frequency position of SLSS/PSBCH block can be provided by network or pre-configuration to UEs.
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Figure 1. Association between SL-SSB and V2X-specific SIB
In Figure 1, it shows one example related to this aspect. Once a NR V2X UE gets the synchronization information via V2X-specific SIB, the UE can identify the configuration information for the SLSS/PSBCH, such as frequency position, the number of SLSS/PSBCH in a carrier, association to a resource pool (list) and so on. In this example, there are two V2X-specific SIB transmissions in a NR DL carrier and two SL-SSB transmissions in a SL carrier, respectively. The each V2X-specific SIB provides the SL-SSB related configuration information for the reception and identification in a SL carrier, while each of two SL-SSBs can be linked with a resource pool as this example. Particularly for the linkage between SL-SSB and resource pool(s), it can be provided in a resource pool configuration so that a UE can identify the relevant resource pool based on the SL-SSB that UE selects for the synchronization. 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 1:
Multiple SLSS/PSBCH blocks (SL-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.,
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Figure 2. An example of SLSS/PSBCH block (SL-SSB) burst structure
Since the multiple SL-SSB transmissions in a period are agreed in RAN1#98 above, it is necessary to discuss the SL-SSB burst composition within the period, similarly 5ms window of NR-Uu. Since NR DL SSB structure design can be a starting point for the SL-SSB, the SL-SSB burst composition can be located in a window with 160ms periodicity to inherit the 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 SL-SSB transmissions in a period, it needs to define the maximum number of SL-SSBs(L) within a window, the SL-SSB burst window length and the starting offset relative to DFN as shown in Figure 2. Our initial view is that SL-SSB burst structure is configurable by network (or pre-configuration).
Proposal 2:
For SL-SSB burst set composition, NR DL SSB burst set composition can be reused with SL-SSB burst window length (e.g. 5ms) and SL-SSB burst window offset.
3. Sidelink synchronization signal for NR V2X
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 as also summarized in [3]. 

- For S-PSS

▪ Alt. P-1: the same polynomial with NR DL PSS and different CS value from NR DL PSS

▫ primitive polynomial for x(m): 221(8) (= x7+x4+1)
▫ CS values for x(m): 0+k, 43+k (2 sequences), k=21 or 22 (≈43/2)
▪ Alt. P-2: different polynomial from NR DL PSS and the same CS value with NR DL PSS
▫ primitive polynomial for x(m): 203(8) (= x7+x1+1, primitive polynomial used for NR DL SSS)
▫ CS values for x(m): 0, 43 (2 sequences)
▪ Alt. P-3: the same polynomial from NR DL PSS and the same CS value with NR DL PSS

▫ primitive polynomial for x(m): 221(8) (= x7+x4+1)

▫ CS values for x(m): 0, 43 (2 sequences)
▫ For this alternative, the distinguishment by S-SSS should be needed (i.e., Alt. S-1 or Alt. S-2).

- For S-SSS

▪ Alt. S-1: the same polynomial with NR DL SSS and different CS value from NR DL SSS

▫ 2 primitive polynomials: x0(m)=221(8) (= x7+x4+1), x1(m)=203(8) (= x7+x1+1)

  ∙ if Alt. P-2 is adopted, x0(m)=203(8) (= x7+x1+1), x1(m)=221(8) (= x7+x4+1)
▫ CS values for x0(m): 45, 50, ..., 70 (6 sequences)
▫ CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences)
▪ Alt S-2: different polynomial from NR DL SSS and the same CS value with NR DL SSS

▫ 2 primitive polynomials: 2 primitive polynomials included in the same maximum connected set of M-sequences with primitive polynomials used for NR DL SS (= 221(8) and 203(8))

∙ e.g., 253(8) and 271 (8)
∙ Exactly the same good cross-correlation properties are applied if the primitive polynomials are included in the same "maximum connected set of M-sequences" with primitive polynomials used for NR DL SS as explained in [4]~[7]

▪ Alt. S-3: the same polynomial with NR DL SSS and the same CS value from NR DL SSS

▫ 2 primitive polynomials: x0(m)=221(8) (= x7+x4+1), x1(m)=203(8) (= x7+x1+1)

  ∙ if Alt. P-2 is adopted, x0(m)=203(8) (= x7+x1+1), x1(m)=221(8) (= x7+x4+1)
▫ CS values for x0(m): 0, 5, ..., 25 (6 sequences)
▫ CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences)
▫ For this alternative, the distinguishment by S-PSS should be needed (i.e., Alt. P-1 or Alt. P-2).

If the other conditions are the same, the distinguishment by different primitive polynomials has better cross-correlation properties than the distinguishment by CS value in mathematical theorem of M-sequence. Therefore, Alt. P-2 or Alt. S-2 has more preference. But, Alt. P-2 could be enough if remaining time-units for RAN1 Rel-15 V2X are considered, i.e., Alt. P-2 is more simple because of just switching of primitive polynomials used for NR DL SS. If Alt. P-2 is adopted, Alt. S-1 or Alt. S-3 could be used for NR SL SSS.
Proposal 3:
For S-PSS and S-SSS sequence design of NR sidelink, NR SL SS sequences should be distinguish from NR DL SS sequences as below.
- For S-PSS
▪  primitive polynomial for x(m): 203(8) (= x7+x1+1, primitive polynomial used for NR DL SSS)
▪  CS values for x(m): 0, 43 (2 sequences)
- For S-SSS

▪  2 primitive polynomials: x0(m)=203(8) (= x7+x1+1), x1(m)=221(8) (= x7+x4+1)
▪  CS values for x0(m): 0, 5, ..., 25 (6 sequences) (or 45, 50, ...., 70 (6 sequences))
▪  CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences)
4. Conclusion

In this contribution, we discussed and provide our views on sidelink synchronization mechanism for NR V2X with following our proposals.
Proposal 1:
Multiple SLSS/PSBCH blocks (SL-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 2:
For SL-SSB burst set composition, NR DL SSB burst set composition can be reused with SL-SSB burst window length (e.g. 5ms) and SL-SSB burst window offset.
Proposal 3:
For S-PSS and S-SSS sequence design of NR sidelink, NR SL SS sequences should be distinguish from NR DL SS sequences as below.

- For S-PSS

▪  primitive polynomial for x(m): 203(8) (= x7+x1+1, primitive polynomial used for NR DL SSS)
▪  CS values for x(m): 0, 43 (2 sequences)
- For S-SSS

▪  2 primitive polynomials: x0(m)=203(8) (= x7+x1+1), x1(m)=221(8) (= x7+x4+1)
▪  CS values for x0(m): 0, 5, ..., 25 (6 sequences) (or 45, 50, ...., 70 (6 sequences))
▪  CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences)
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