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1. Introduction
In RAN WG1 #98 meeting, the following agreements were made:

	Agreements:
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning
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:
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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
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 15kHz SCS, {1, [2]}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {???}
· For 120kHz SCS, {???}
· FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition?, etc.)
Agreements:
The following values with change marks are further agreed:
· Note: the values in bracket are subject to further discussion regarding potential removal all-together
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}
Agreements:
· RS based synchronization can be supported by UE implementation without RAN1 specification impact.
Agreements:
· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	P0: GNSS 
P1: UE directly synchronized to GNSS 
P2: UE indirectly synchronized to GNSS
P3: gNB/eNB
P4: UE directly synchronized to gNB/eNB 
P5: UE indirectly synchronized to gNB/eNB 
P6: the remaining UEs have the lowest priority.
	P0’: gNB/eNB
P1’: UE directly synchronized to gNB/eNB 
P2’: UE indirectly synchronized to gNB/eNB 
P3’: GNSS 
P4’: UE directly synchronized to GNSS 
P5’: UE indirectly synchronized to GNSS
P6’: the remaining UEs have the lowest priority. 


· When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2



This contribution addresses the sidelink synchronization mechanisms. 

2. Discussion 
2.1. Sidelink synchronization signals
One of the design criteria for S-PSS is the low correlation with PSS to avoid false detection of both S-PSS and PSS. To guarantee low correlation with the PSS symbol, the same sequence polynomial and initial value as PSS m-sequence, but a different cyclic shift from PSS symbol m-sequence is used for S-PSS m-sequence generation. The cyclic shift value for S-PSS is determined to maximize the tolerance against the carrier frequency offset (CFO). This reduces false detection probability because the CFO rotates the sequence in frequency domain, which makes confusion by mistaking the sequence as the sequence of a different cyclic shift.
From the reasoning above, the cyclic shift for S-PSS m-sequence is determined to satisfy two conditions:
· Maximum distance between the different cyclic shift values, of which the number depends on the S-PSS hypotheses.
· Maximum distance from the cyclic shift values of PSS
PSS uses three cyclic shift values distant each other by 43, which evenly spread over the entire range of possible candidates, or [0 … 127]. If the S-PSS hypotheses are two (e.g. in-coverage and out-of-coverage), to satisfy the above two conditions while avoiding the values of PSS, the cyclic shift values of S-PSS will be distant from those of PSS by 21 or 22, for example.
The S-SSS symbol uses a Gold sequence generated based on two m-sequences, which are generated using the same polynomials and the initial values as those of SSS, but different cyclic shift values from those of SSS. The first m-sequence used for the S-SSS Gold sequence uses the evenly spread cyclic shift values with maximum distance from the first m-sequence of SSS Gold sequence, so as to achieve low correlation with SSS as well as to get the maximum tolerable carrier frequency offset. The cyclic shift values of the second m-sequence of the S-SSS Gold sequence may or may not be same as those of the second m-sequence of the SSS Gold sequence, depending on the number of SL-SSIDs.
With regard to CFO estimation, there is a trade-off between the amount of a CFO to be estimated and the distance between the two S-SSS symbol locations. If the CFO is relatively small, a large distance is desirable for correct offset estimation. On the contrary, if the CFO is relatively large, a large distance causes offset estimation ambiguity. In the latter case, a small distance or adjacent location enables correct CFO estimation. As a result, the benefit depends on the amount of the residual CFO after S-PSS synchronization. On the other hand, a large distance between two S-SSS symbols may degrade the detection performance in case of high Doppler channel, and increase the buffer memory size in proportion to the distance.
Proposal 1: Following working assumption for SLSS is confirmed.
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
Proposal 2: S-PSS and S-SSS use the PSS and SSS sequence generation polynomials respectively with different cyclic shifts.
The SL synchronization procedure of LTE-V2X can be greatly simplified in NR by indicating the SLSS relaying hop count directly by SL-SSID, rather than by an additional dedicated field such as ‘inCoverage’ field in LTE-V2X. For this purpose SL-SSIDs are divided into 3 subgroups, each of which represents the SLSS relaying hop count as follows:
1st SL-SSID group for UE directly synchronized to gNB/eNB/GNSS (UEdirect)
2nd SL-SSID group for UE indireclty synchronized to gNB/eNB/GNSS (UEindirect)
3rd SL-SSID group for UE synchronized to UEindirect and other UE (UEother) or
                                       UE that generates its own SLSS without any synchronization reference
Similar to LTE-V2X synchronization procedure, for the 1st group SL-SSID, SL-SSID value ‘0 is reserved for the UE directly synchronized to GNSS, and the other SL-SSIDs for the UE directly synchronized to gNB/eNB. The SL-SSID of the UE indirectly synchronized to GNSS/gNB/eNB is derived by adding 224 to the SL-SSID of the UE directly synchronized to GNSS/gNB/eNB. For the UE synchronized to the UE indirectly synchronized to GNSS/gNB/eNB, SL-SSID is derived by adding 224 to the SL-SSID of the UE indirectly synchronized to GNSS/gNB/eNB. For the UE synchronized to other UE, the SL-SSID is same as the SL-SSID of the synchronization reference UE. For the UE that has no synchronization reference but generates its own SLSS by itself, the SL-SSID is randomly selected from the 3rd SL-SSID group.
Proposal 3: SLSS relaying hop count is implicitly indicated by the range of SL-SSID. No inCoverage field is transmitted.
UEdirect SLSSID = {0} 		if sync to GNSS
{1…223} 		if sync to gNB/eNB
UEindirect SLSSID = {224…447} 	by adding 224 to UEdirect SLSSID if sync to UEdirect 
UEother SLSSID = {448…671} 	by adding 224 to UEindirect SLSSID if sync to UEindirect, or
				by taking other UE’s SL-SSID if sync to other UE, or
				by random SL-SSID selection if no SyncRef UE exists
In RAN1 #98 meeting, it was agreed that S-PSS has 2 hypotheses and S-SSS has 336 hypotheses. Following the agreements, the whole range of SL-SSID is divided into two subgroups, which are indicated by one of the 2 S-PSS IDs. For each S-PSS ID, the number of S-SSS IDs are determined as 336.
Proposal 4: Each of the two S-PSS ID is mapped to each half range of the SL-SSIDs. S-PSS ID=0 indicates SL-SSID={0,…,335} and S-PSS ID=1 indicates SL-SSID={336,…,671}.
2.2. S-SSB structure
S-SSB is periodically transmitted and the periodicity was agreed in RAN1 #98 to be fixed as 160ms regardless of the numerology. In LTE SL case, S-SSB is transmitted once within a period. To make NR S-SSB performance comparable, for 15 kHz SCS, NR S-SSB is transmitted once within a period as in LTE SL case. For other numerology, the criteria is to provide same performance or coverage regardless of the numerology.
As subcarrier spacing increases, the required BW proportionally increases, which in turn causes noise bandwidth increase. To compensate the SNR degradation by the increased noise bandwidth, more number of S-SSBs should be transmitted. The number of S-SSBs is proportional to the subcarrier spacing in SNR point of view. As a consequence, for 30kHz and 60kHz subcarrier spacing, S-SSBs are transmitted 2 and 4 times respectively compared to 15kHz case for FR1.
In RAN1 #98, with the principle above as well as configurability, the numbers of S-SSBs were determined for each SCS in FR1. The same principle was applied to FR2 with further consideration on compensating the larger path loss due to RF characteristics. The agreed values are as follows.
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}
The values 2/4/8 for 15/30/60 kHz SCS were remained as open issue. There is no clear justification of using those numbers for each SCS in FR1. Even for the distributed antenna case, the coverage is not reduced due to the directional antenna gain. There were lots of similar discussions for the case of multi-panel antenna in MIMO WI, but no decision was made on technical or regulatory point of view.
Proposal 5: Within one S-SSB period, 2/4/8 S-SSBs for 15/30/60 kHz in FR1 are not supported.
To prevent unnecessary increase of scheduling complexity, S-SSB slots are configured to the TDD slots available for SL transmission and a SL resource pool is configured as not to overlap with the S-SSB slots.
When multiple S-SSBs are transmitted within one S-SSB period, the time location of each S-SSB is determined by the offset of the first S-SSB to the start of a period and the interval between adjacent S-SSBs. To get both simple and flexible transmission rule for S-SSB, the offset of the first S-SSB is (pre-)configured by a higher layer signaling. The interval between S-SSBs is constant within one S-SSB period, and the interval value is (pre-)configured by a higher layer signaling.
With this configurability, the S-SSB transmission can be quite flexible. If short S-SSB detection latency is desirable, the interval can be (pre-)configured so that the S-SSBs are evenly distributed across a S-SSB period. If the robust detection through repeated transmission of S-SSB is needed, the interval can be configured as zero so that all the S-SSBs are successively transmitted if TDD slot configuration allows.
Proposal 6: S-SSB slot is not included in the SL resource pool.
Proposal 7: S-SSB location within a S-SSB period is determined by a constant interval and an offset to the start of a S-SSB period, which are (pre-)configured by higher layer signaling.
2.3. PSBCH
The overall NR Uu PBCH transport process is reused for PSBCH transport process. It comprises the following steps:
1) PSBCH payload generation
2) First scrambling
3) CRC attachment
4) Channel coding
5) Rate matching
6) Second scrambling
7) Modulation
8) PSBCH to RE mapping
PSBCH payload is comprised of two parts. One part is called MIB (Master Information Block), which is determined by a higher layer and delivered to a physical layer for transmission. The other part is determined by a physical layer and merged with MIB to form a PSBCH payload.
PSBCH carries a slot structure that informs the TDD slot configuration. Using the TDD slot configuration, the candidate slot/symbols for SL transmission is known to UEs. Other fields such as the time/frequency location of the BWP and subcarrier spacing are pre-configured by a higher layer signaling.
S-SSB location in time domain is identified by a frame number and a slot index within a frame. These information is carried by PSBCH so that the receiver knows the exact time-domain location the S-SSB when it detects a S-SSB. As a S-SSB can be transmitted in any time location within a S-SSB period of 160ms, the LSB 8 bits of the 10-bit frame number varies according to the (pre-)configuration, while the MSB 2 bits are remained unchanged. As a result, the MSB and LSB part of the frame number is determined by a higher layer and a physical layer respectively.
As two kinds of S-SSB slots are configured to UE for reception and transmission of a S-SSB, UE cannot identify the order of the specific received S-SSB among multiple S-SSBs even if it knows the exact time domain location of the S-SSB. To make the S-SSB search process efficient, S-SSB index is signaled to UE as a PSBCH payload.
As agreed in RAN1 #86, the number of S-SSBs in FR1 does not exceed 8, which means 3 bits are enough for S-SSB index within a S-SSB period. For FR2, the number of S-SSBs can be up to 64, so 6 bits are required for S-SSB index. As a result, the number of bits for S-SSB index is determined as 6, and 3 MSBs does not vary in FR1 case. Considering this point, 3 MSBs and 3 LSBs are carried by the PSBCH payload and the PSBCH DM-RS, which is exactly same as NR Uu operation for S-SSB index transmission.
Proposal 8: PSBCH payload includes at least the following information.
· Higher layer signaling part (MIB)
· Slot structure
· Frame number (2 MSBs)
· Physical layer signaling part
· Frame number (8 LSBs)
· Slot index
· S-SSB index (3 MSBs)
Proposal 9: PSBCH DM-RS carries at least the following information.
· S-SSB index (3 LSBs)
Regarding slot structure field in PSBCH payload, the required number of bits for conveying a complete NR Uu TDD slot configuration information is too large for PSBCH payload (more than 30 bits). Considering the limited number of bits for PSBCH payload, a reduced version of TDD slot configuration is desirable. One of the solution for this is to convey only the slot-level TDD configuration information through the slot structure field in MIB of the PSBCH payload. The symbol-level TDD configuration within a slot is pre-configured so that the OOC UEs can also use the same symbol-level TDD configuration information without network connection.
Proposal 10: Slot structure field in PSBCH indicates the slot configuration for SL communication. Every SL slot contains the same number and locations of symbols for SL communication, which is (pre-)configured.
· S-SSB always occupies a whole slot.
· FFS details of the symbol configuration per SL slot (e.g. whether consecutive or not, min. number of symbols, etc).
For PSBCH DM-RS generation, NR Uu PBCH DM-RS generation can be reused. PSBCH DM-RS carries the LSB part of slot index in the initialization value for DM-RS sequence generation. The parameters CELL ID in NR Uu PBCH DM-RS sequence initialization can be replaced with SL-SSID.



where iS-SSB_LSB is the LSB part of the S-SSB index.
Proposal 11: NR PBCH DM-RS sequence generation is reused PSBCH DM-RS sequence generation. At least SL-SSID replaces CELL ID used for initialization value in PSBCH DM-RS sequence initialization.
Same as in NR PBCH DM-RS case, comb-4 pattern is used for mapping of PSBCH DM-RS sequence to physical resource element. In addition, PSBCH DM-RS RE location in frequency domain is shifted according to the value of SL-SSID modulo 4.
Proposal 12: NR PBCH DM-RS to RE mapping (i.e., comb-4 type) and position shift in frequency domain are reused for PSBCH DM-RS. PSBCH DM-RS RE position is shifted based on SL-SSID.
NR PBCH 2-step scrambling mechanism is also reused for PSBCH scrambling with necessary modification. The first scrambling is done over the PSBCH payload before a channel coding is applied, and the second scrambling is done after the channel coding is applied. To maximize the effect of interference mitigation through scrambling operation, each S-SSB block within a S-SSB period is scrambled by a different scrambling sequence.
For the first and the second scrambling, the NR Uu scrambling sequence generation is reused. The first scrambling is applied to the PSBCH payload except the 3 MSBs of S-SSB index. The first scrambling sequence for i-th S-SSB is derived from the pseudo-random sequence c(j) defined in NR, and initialized with Cinit=SL-SSID at the start of each S-SSB period.
,
where M1 is the length of PSBCH payload for scrambling and iS-SSB is the S-SSB index.
The second scrambling is applied to the encoded an rate-matched PSBCH codeword. The second scrambling sequence for i-th S-SSB is derived from the pseudo-random sequence c(j) defined in NR, and initialized with Cinit=SL-SSID at the start of each S-SSB period.
,
where M2 is the length of PSBCH codeword for scrambling and iS-SSB is the S-SSB index.
Proposal 13: NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling.
· The first and the second scrambling sequence is initialized with Cinit=SL-SSID.
· Every S-SSB block within a S-SSB period is scrambled by a different scrambling sequence.
· The different scrambling sequences are generated based on the S-SSB index.
2.4. Synchronization procedure
The synchronization procedure can be simplified regarding SLSS transmission and reception. In LTE SL, depending on the (pre-)configuration by high layer signaling, two subframes or three subframes are used for SLSS transmission and reception. If two subframes are used, SLSS is received on one subframe and is relayed on the other subframes. This can be applied for the cases when either eNB or GNSS is selected as a synchronization reference from UE side.
However, there is a case when three subframes are (pre-)configured for SLSS transmission and reception. When a higher layer configures to use three subframe-based procedure, and if a UE is directly synchronized to GNSS and outside of the eNB coverage, the UE transmits the SLSS on the third frame with a dedicated SL-SSID. From when another UE is indirectly connected to the UE, nominal two subframe-based procedure is again used.
Together with the signaling of inCoverag field, the above mechanism of SLSS transmission/reception resources makes the whole synchronization process unnecessarily complicated. Especially using the three subframe-based SLSS transmission has no procedural effect on other synchronization procedures such as e.g. prioritized synchronization source selection. The mechanism for SLSS transmission/reception resources can be greatly simplified if only two slots/subframes are used for SLSS resources and SL-SSID itself represents the SLSS hop count as explained above.
Except minimum required modification, LTE-V2X synchronization procedures regarding SLSS transmission, MIB transmission, and selection/reselection of synchronization reference & synchronization carrier frequency are mostly reused for NR V2X synchronization procedures.
Proposal 14: Maximum two S-SSB slots are used for S-SSB reception and transmission. There is no reason to differentiate whether the UE is inside or outside of cell coverage when the UE is directly connected to GNSS.
Proposal 15: LTE-V2X synchronization procedures are reused except the following modifications:
· Modified GNSS-based synchronization priority rule as agreed in RAN1 #98
· Support only 2-subframe based SLSS transmission/reception procedure by directly indicating hop count with SL-SSID
· Remove inCoverage field in PSBCH payload
2.5. Multi-cluster synchronization
In LTE V2X, once a synchronization reference is selected, UE does not search or track the other asynchronous synchronization reference. This makes communication difficult between UEs belonging to the different asynchronous synchronization clusters. In Rel.12/13 LTE D2D, the operation to search an asynchronous synchronization reference was supported with dropping a part of the packets for transmission. Network assistance information on e.g. the SLSS resources of the neighbor cells would help the UEs to search/track the multiple synchronization sources as in Rel.12/13 LTE D2D.
This multi-cluster synchronization signal searching/tracking needs to be supported for seamless communication with short latency even in asynchronous cell deployment for NR. Another reason for multi-cluster synchronization relates to the coexistence between NR V2X and LTE V2X. As the NR V2X may operate in a licensed band while the LTE-V2X operates in the ITS spectrum band, multi-cluster synchronization should be supported for communication between NR V2X and LTE V2X UEs. Multi-cluster synchronization is also a solution to the partial-coverage interference issue when the GNSS-based synchronization reference priority rule was configured.
2.6. Other synchronization issues
Synchronization operation may require a significant signaling overhead and a large latency, especially due to a small coverage and the use of beamforming in FR2. In LTE-NR synchronized mode, one of the solution is to use a synchronization reference source transmitted in FR1 as a synchronization reference source for the UEs operating in FR2. In this case the UEs operating in FR2 do not transmit a synchronization reference signal. As FR1 is used as a synchronization reference carrier, if any timing adjustment is needed in FR2, UEs can transmit the relevant signaling in FR1.
Proposal 16: In a LTE-NR synchronized mode, S-SSB is not transmitted in a NR carrier. 

3. Conclusion
This contribution discussed on NR SL synchronization mechanism. The discussions can be summarized as follows:
Proposal 1: Following working assumption for SLSS is confirmed.
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
Proposal 2: S-PSS and S-SSS use the PSS and SSS sequence generation polynomials respectively with different cyclic shifts.
Proposal 3: SLSS relaying hop count is implicitly indicated by the range of SL-SSID. No inCoverage field is transmitted.
UEdirect SLSSID = {0} 		if sync to GNSS
{1…223} 		if sync to gNB/eNB
UEindirect SLSSID = {224…447} 	by adding 224 to UEdirect SLSSID if sync to UEdirect 
UEother SLSSID = {448…671} 	by adding 224 to UEindirect SLSSID if sync to UEindirect, or
				by taking other UE’s SL-SSID if sync to other UE, or
				by random SL-SSID selection if no SyncRef UE exists
Proposal 4: Each of the two S-PSS ID is mapped to each half range of the SL-SSIDs. S-PSS ID=0 indicates SL-SSID={0,…,335} and S-PSS ID=1 indicates SL-SSID={336,…,671}.
Proposal 5: Within one S-SSB period, 2/4/8 S-SSBs for 15/30/60 kHz in FR1 are not supported.
Proposal 6: S-SSB slot is not included in the SL resource pool.
Proposal 7: S-SSB location within a S-SSB period is determined by a constant interval and an offset to the start of a S-SSB period, which are (pre-)configured by higher layer signaling.
Proposal 8: PSBCH payload includes at least the following information.
· Higher layer signaling part (MIB)
· Slot structure
· Frame number (2 MSBs)
· Physical layer signaling part
· Frame number (8 LSBs)
· Slot index
· S-SSB index (3 MSBs)
Proposal 9: PSBCH DM-RS carries at least the following information.
· S-SSB index (3 LSBs)
Proposal 10: Slot structure field in PSBCH indicates the slot configuration for SL communication. Every SL slot contains the same number and locations of symbols for SL communication, which is (pre-)configured.
· S-SSB always occupies a whole slot.
· FFS details of the symbol configuration per SL slot (e.g. whether consecutive or not, min. number of symbols, etc).
Proposal 11: NR PBCH DM-RS sequence generation is reused PSBCH DM-RS sequence generation. At least SL-SSID replaces CELL ID used for initialization value in PSBCH DM-RS sequence initialization.
Proposal 12: NR PBCH DM-RS to RE mapping (i.e., comb-4 type) and position shift in frequency domain are reused for PSBCH DM-RS. PSBCH DM-RS RE position is shifted based on SL-SSID.
Proposal 13: NR PBCH 2-step scrambling mechanism is reused for PSBCH scrambling.
· The first and the second scrambling sequence is initialized with Cinit=SL-SSID.
· Every S-SSB block within a S-SSB period is scrambled by a different scrambling sequence.
· The different scrambling sequences are generated based on the S-SSB index.
Proposal 14: Maximum two S-SSB slots are used for S-SSB reception and transmission. There is no reason to differentiate whether the UE is inside or outside of cell coverage when the UE is directly connected to GNSS.
Proposal 15: LTE-V2X synchronization procedures are reused except the following modifications:
· Modified GNSS-based synchronization priority rule as agreed in RAN1 #98
· Support only 2-subframe based SLSS transmission/reception procedure by directly indicating hop count with SL-SSID
· Remove inCoverage field in PSBCH payload
[bookmark: _GoBack]Proposal 16: In a LTE-NR synchronized mode, S-SSB is not transmitted in a NR carrier. 
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