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1. Introduction
Regarding the synchronization mechanism in NR V2X, the following agreements have been achieved in the previous meetings[1]:

Agreements:

· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  

· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 

· P1: the following UE has the same priority: 

· UE directly synchronized to GNSS 

· P2: the following UE has the same priority: 

· UE indirectly synchronized to GNSS

· P3: 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. 


In this paper, we provide the performance evaluations based on the combinations agreed in RAN1 AH1901, and discuss the details of S-SSB transmission/reception.
2. Discussion

2.1. S-SSB Structure 

RAN1 agreed that 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). In LTE, PSSS and SSSS are used to carry SLID to determine the sync source of the transmitting UE. Similar to LTE, the NR sidelink UE should be able to identify different sync sources by detecting S-SSB so that UE can find the optimal sync source quickly under various conditions. Moreover, as the PSBCH depends on coherent demodulation of DMRSs, DMRS must be a part of S-SSB. 
Proposal 1: S-SSB should include DMRS for PSBCH demodulation.

In the NR downlink synchronization procedure, UE needs to do AGC tuning before synchronization signal detection. AGC tuning of NR SSS processing takes place on the received signal before SSS, i.e., PBCH. However, there is no extra symbol for NR PSS to perform AGC setting. If the channel condition fluctuates rapidly, the UE may mis-detect the first received PSS, in which case UE needs an additional NR SSB resource for synchronization purpose.

In LTE sidelink, the first PSBCH is utilized for AGC tuning for S-PSS. The reason for AGC usage of PSBCH is that sidelink MIB has a relatively low code rate, which guarantees high reliability of sidelink MIB detection even if the first PSBCH symbol cannot be decoded correctly due to AGC processing. There is no need to require one additional synchronization signal transmission for AGC with the PSBCH fronted structure in LTE. Similarly, the NR S-SSB can adopt the PSBCH fronted structure to avoid additional synchronization signaling and time overhead, implying that a TDM multiplexing between S-PSS/S-SSS and PSBCH would be preferred. However, there are some differences, most notably the number of S-PSS/S-SSS/PSBCH/RS, that should be further investigated in the following section. 

Proposal 2: AGC and TX/RX switching periods should be taken into account when design S-SSB.

Proposal 3: From the perspective of reducing synchronization delay and SL-SSB overhead, it is preferred to put some of the PSBCH symbol(s) before S-PSS for AGC tuning.

Proposal 4: S-PSS/S-SSS and PSBCH should be TDM multiplexed.

Regarding the S-SSB structure, we evaluate the performances of the listed combinations with below simulation assumption.
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Figure 1. combinations for evaluation

1. Combination 2-1: 8 symbols, including two adjacent S-PSSs, two adjacent S-SSSs, and four PSBCHs (20 RB).

2. Combination 2-1: 10 symbols, including two adjacent S-PSSs, two adjacent S-SSSs, and six PSBCHs (20 RB).
3. Combination 3-1: 6 symbols, including single S-PSS, single S-SSS, and four PSBCHs (20 RB).
4. Combination 3-2: 8 symbols, including single S-PSS, single S-SSS, and six PSBCHs (20 RB).
Table 1. Simulation assumption
	Carrier Frequency
	6 GHz

	Channel Model
	CDL V2X urban LOS channel model [2]

	Subcarrier Spacing(s)
	30 kHz

	UE Speed
	6 km/h, 240 km/h

	Delay Spread
	100ns

	PSBCH BW
	20RB

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element

UE: (1,1,2) with Omni-directional antenna element

	DMRS
	Density=1/4

	Interference model
	Scenario 1: no interference

	Initial Frequency Offset


	Uniform distribution within [-5, 5] ppm of the nominal carrier frequency


Given that the bandwidth of synchronization signal (12 RB) is smaller than that of PSBCH, S-PSS and S-SSS have a power boost on EPRE (~3 dB) in these structures.
· 1 shot performance
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	(a) SLID 1-shot mis-detection 6km/h
	(b) SLID 1-shot mis-detection 240km/h
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	(c) Broadcast channel 1-shot detection 6km/h
	(d) Broadcast channel 1-shot detection 240km/h


· 2 shot performance
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	(e) Broadcast channel 2-shot detection 6km/h
	(f) Broadcast channel 1-shot detection 240km/h


Figure(a) and Figure(b) show the 1-shot SLID mis-detection rate of above structures with 30kHz. Figure(c) and Figure(d) provide the 1-shot broadcast channel detection performance. When SNR = -6dB and speed = 6km/h, 1-shot SLID mis-detection rate of the combination 3-1 is 6.98%, and the corresponding 1-shot PSBCH BLER is about 6.94%. It is observed that combinations 2-1 shows only 0.5 dB performance improvement over combination 3-1 from the perspective of SLID detection. Besides, combination 2-1 and combination 3-1 have comparable PSBCH detection performances since they have same code rate. In combination 3-2, the additional two symbols are used for PSBCH rather than S-PSS/S-SSS to reduce code rate, which leads to a notable performance gain relative to combination 2-1. However, with the target PSBCH BLER being 1%, neither of them meets the performance requirement at SNR=-6 db. Figure(e) and Figure(f) provide the 2-shot broadcast channel detection performance with 30kHz. It is observed that all structures improve significantly and achieve the target BLER at a relatively low SNR. 
Based on the simulation results below, we conclude that PSBCH performance gain achieved by lower code rate is far above that by better synchronization accuracy from additional synchronization symbols. Moreover, multi-shot combining can further achieve better performance in the sense of PSBCH BLER.
· Bandwidth of S-SSB

It was discussed whether the bandwidth of PSBCH should be reduced to 12 RB. Since large SL bandwidths may not be available in some shared bands restricted by the frequency partition by RAN4, some concerns are raised on whether an S-SSB can be accommodated within a narrow SL BWP. The main argument to support 12-RB PSBCH bandwidth is that at least one S-SSB with 60kHz SCS can be transmitted even if the assigned SL bandwidth is as small as 10MHz. However, as shown in Figure(g), the PSBCH BLER performance of both structures suffer a 2.5 db loss with halved PSBCH bandwidth. When SNR=-6db, the PSBCH BLER of combination 3-1 with 12 RB bandwidth is 23.87%. In this case, multi-shot combinations are needed to meet the target requirement.
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	(g) Broadcast channel 1-shot detection 6km/h


Observation 1: The main factor that affects 1-shot PSBCH detection performance is PSBCH code rate.

Observation 2: S-SSB combining are required when SNR is low or when PSBCH bandwidth is 12RB.
Proposal 5: S-SSB combining should be considered for PSBCH detection.

2.2. Numerology
Based on the previous meeting, the supported SCS for sidelink data/control/feedback channel are summarized as below:

	CP-OFDM only
	FR1
	FR2

	PSCCH/PSSCH/PSFCH
	15 NCP
30 NCP
60 NCP
60 ECP
	60 NCP
60 ECP
120 NCP


The subcarrier spacing and CP used for the sidelink communication is provided by network or pre-configuration. The same numerology also applies to S-SSB, if available. Although up to four candidate numerologies are agreed as above, for an SL carrier, only one numerology is used at a given time. It is not preferable for the UE to handle multiple numerologies simultaneously, thus the SL BWP should use the same numerology as active UL BWP.

However, it is not clear whether all these candidate numerologies should be supported for S-SSB in any conditions. We discuss the applicable S-SSB SCS in the following cases:

· Case 1: In-coverage idle UE without SL SIB 

When a sidelink UE enters into a cell, it obtains information of initial active UL BWP from SIB1. Before receiving SL SIB, it continues trying to use the SL resource provided by pre-configuration. In the case of pre-configuration, it is up to the operator and vehicle vendors to decide the numerology for S-SSB for the given carrier. Interference is inevitable if the pre-configured SL BWP has different numerologies from Uu. 
· Case 2: In-coverage UE with SL SIB and connected UE

Upon receiving SL SIB, a new SL BWP (named as initial SL BWP) other than the pre-configured one will be provided to UE. In this case, SL BWP should use the same numerology as initial active UL BWP. Once connected, a sidelink UE can be re-configured with another SL BWP. As the configured SL BWP and initial SL BWP are deployed within the same carrier, in principle, they should be organized with aligned numerology otherwise sidelink UEs in different states cannot communicate with each other. 

As defined by UE capability 6-2/6-3/6-4, the same numerology between DL and UL per cell is also required, implying initial SL BWP, configured SL BWP and their associated UL BWP should maintain the same numerology and their candidate SCS value set is limited by the one of initial active DL BWP. For the initial active DL BWP, where only NCP is allowed, the SCS is indicated by MIB. If UE acquires this MIB on a carrier in FR1, either 15kHz or 30kHz will be applied. If UE acquires this MIB on a carrier in FR2, the SCS can be set as 60kHz or 120kHz. Further restricting the allowed numerologies for SL-SSB seems beneficial to ensure seamless sidelink communication between in-coverage UEs and partial-coverage UE, so we made the following proposals:
Proposal 6: S-SSB with ECP is not supported at least in the shared bands in FR1 and FR2.
2.3. Number of SLSS-ID

As discussed in the previous meeting, one remaining issue is the number of SLID. In addition to using the DL timing, in-coverage UE can also obtain some guidance from the base station, such as sync resource and SLID carried by sidelink SIB or RRC. Considering that, different base stations may use different timings, the number of SLID candidates for in-coverage UE should be large enough to differentiate base stations. Otherwise, the performance of cell-edge UEs would degrade a lot, as the time shifts between received synchronization signals from different timing sources result in phase rotations. In the NR downlink, the design of up to 1008 PCI ID assumes a coexistence of up to 336 gNB considering the traditional three-sector deployment. Then, this assumption can also be reused in sidelink. The same amount of SLSSID can be provided to OoC UE. Therefore, we think at least 336*2 SLIDs are required. As the M-sequence based signals inherently have low cross-correlation function that guarantees the correct detection of S-PSS, one straightforward way to generate these sequences for sidelink is to utilize additional cyclic shifts of PSS and 336 SSS. 
Proposal 7: At least 672 SLIDs are needed.

2.4. Rate matching

While the resources for SLSS and MIB-V2X are excluded from the resource pool for PSSCH/PSCCH in LTE, it is impossible for LTE V2X UE to transmit/receive synchronization signals and other signals simultaneously. In this case, if a packet arrives at the slot of SLSS, it is forced to be delayed until the next subframe for communication is available. The delay is likely to worsen in NR, given that the S-SSB sweeping requires a longer duration. Besides, it also causes low resource efficiency if a transmission bandwidth significantly larger than S-SSB bandwidth is to be configured as SL BWP. 
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Figure 2. Synchronization resource in LTE
Considering the half-duplex restriction, it is not feasible to multiplex S-SSB and another signal in the frequency domain to solve the above issues. Generally, UEs who choose the same synchronization resource to transmit S-SSB usually share the same sync priority. If they transmit packets with S-SSB together in FDM manner, they will miss the ones transmitted by the other since they cannot hear when speaking. One possible way is to support S-SSB repetitions in the frequency domain to fully utilize the resources in a wide span SL BWP. 

Proposal 8: FDM between S-SSB and PSFCH/PSSCH/PSCCH is not supported.

Proposal 9: FDM S-SSB can be considered for resource utilization.
2.5. S-SSB burst set 

As identified by RAN1, beam operation is beneficial for FR2, especially for instantaneous communication or coverage enhancement purpose. Moreover, it is also noted that multi-shot combining brings significant PSBCH detecion enhancement. Thus S-SSB burst set containing multiple S-SSB that represent different beams should be supported, but the maximum number of S-SSB, i.e., Lmax, can be different from that of NR Uu as the need for a large number of S-SSBs is reduced in proximity communication scenario. For example, L=2/4/8 can be considered as the baseline.

As sidelink UE may transmit S-SSB in an unpaired licensed band, the candidate positions should be carefully designed to avoid the always-on NR signal, i.e., NR SSB. For this reason, it is preferred to introduce a 5-ms time window for S-SSB. It is feasible to avoid collision between NR SSB and S-SSB by shifting the half frame window.
Proposal 10: S-SSB burst set should be transmitted within a 5-ms time window.

Proposal 11: The maximum number of S-SSB with a burst set can be 2/4/8.

2.6. S-SSB periodicity

In NR, the network has the flexibility to adjust the number of S-SSB and S-SSB periodicity for different scenarios. For example, a more significant number of SSB with a short periodicity is to accelerate the initial access process while a smaller number of SSB with a long periodicity mainly aims for saving power. Same design philosophy can be adopted in NR sidelink. 

Proposal 12: A set of S-SSB periodicity values should be considered for better flexibility.

2.7. PSBCH content 

In this section, we provide some preliminary analysis on the details of PSBCH content. Firstly, we assume that PSBCH payload is 56 bits, and thus the polar coding design and interleaving scheme of NR PBCH can be reused for PSBCH. The following table summarize the information needed to be included in PSBCH 
	Timing information

	The receiver can determine timing of the transmitter from these fields.

	
	S-SSB index
	Sidelink HFI
	DFN

	TDD-configSL
	This field mainly benefits the partial-coverage cases. Specifically, if an out-coverage UE obtains the TDD-config from an in-coverage UE, it will not try any sidelink operations in the resources classified as DL.

	[Frequency position of S-SSB]
	If there are multiple candidate frequency positions configured for S-SSB transmission, upon receiving an S-SSB, the receiver may need to identify the relative position of S-SSB. The presence of this field may depend on the design of TX/RX pool in the structure session.

	Bandwidth 
	This field is used to provide the bandwidth of the (pre)configured sidelink resource.


In LTE, if an in-coverage sidelink UE obtains SIB1, it sets TDD-configSL to the value representing the same meaning as of TDD-config in the received SIB1. Given that over 20 bits are used to indicate NR TDD-config of Uu, it is impossible for NR sidelink UE to convey the same bits in PSBCH anymore. Some simplifications or restrictions are required inevitably. Moreover, since the NR sidelink UE can also obtain the 3-bit LTE TDD-config from eNB (in the case of LTE controlling NR sidelink), whether it should just follow the LTE sidelink UE behavior or not need to be discussed. If it does, then the TDD-configSL filed has two structures, depending on the RAT type. In this case, the receiver may be confused about how to interpret the TDD-config SL part. In our view, from the perspective of consistency, TDD-configSL of NR should be designed in a common format to handle intra-RAT/inter-RAT/out-of-coverage cases in the same way. 
Proposal 13: PSBCH payload is 56 bits.
Proposal 14: PSBCH payload includes:
· Timing information
· TDD-config

· Frequency position of S-SSB

· Bandwidth of SL carrier.

Observation 3: The TDD-config configurations provided by eNB and gNB have different formats.
Proposal 15: A unified PSBCH payload should be supported for inter-RAT, intra-RAT and out of coverage cases.
2.8. Consideration for synchronization procedure
It was discussed whether it is necessary to differentiate gNB and eNB during the determination of sync source. Some companies think eNB should have higher priority than gNB in EN-DC case since the NR carrier inherits the timing of eNB. However, in this case, the timing alignment between eNB and gNB should be guaranteed by the operator, we do not see the need to force UE to keep tracking the DL timing of eNB when UE has already acquired the timing of the NR carrier.

The priority groups are introduced to help UEs find a reliable and common timing reference as quickly as possible, thus ensuring that more UEs can communicate with each other directly without frequent synchronization calibration. However, some base stations may derive its timing based on GNSS while the others may not, it is impossible to conclude that the timing of eNB must be more accurate and more general than that of gNB. From this point of view, there is no difference in the priority of timing information between eNB and gNB, and it would be better to place them in the same category. Therefore, similar to LTE sidelink, synchronization sources of NR sidelink can be divided into three categories: base station, GNSS and sync reference UEs. When there are a gNB and an eNB of a same priority to be selected as the highest priority, the selection of references can be up to some common implementations, e.g., based on RSRP measurement. The rules of synchronization source selection defined in LTE would be sufficient for NR sidelink. 
While reusing the LTE mechanism of synchronization source selection, some optimizations can also be considered. As RAN1 has discussed before, the LTE V2X UE always needs to read the 1-bit in-coverage indicator of MIB-V2X to determine the sync source of the received signal. The in-coverage indicator is to indicate whether the UE is in base station coverage or not. For purposes of simplicity, this duty can be reassigned to SLID in NR. 

Proposal 16: gNB and eNB are treated with same priority during the determination of sync source.
Proposal 17: In-coverage indicator should be carried by synchronization signal or DMRS.
3. Conclusion

In this contribution, we discuss potential physical layer design for NR sidelink synchronization mechanism and have the following proposals: 

Observation 1: The main factor that affects 1-shot PSBCH detection performance is PSBCH code rate.
Observation 2: S-SSB combining are required when SNR is low or when PSBCH bandwidth is 12RB.
Observation 3: The TDD-config configurations provided by eNB and gNB have different formats.
Proposal 1: S-SSB should include DMRS for PSBCH demodulation.
Proposal 2: AGC and TX/RX switching periods should be taken into account when design S-SSB.
Proposal 3: From the perspective of reducing synchronization delay and SL-SSB overhead, it is preferred to put some of the PSBCH symbol(s) before S-PSS for AGC tuning.
Proposal 4: S-PSS/S-SSS and PSBCH should be TDM multiplexed.
Proposal 5: S-SSB combining should be considered for PSBCH detection.
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Proposal 6: S-SSB with ECP is not supported at least in the shared bands in FR1 and FR2.
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Proposal 7: At least 672 SLIDs are needed.
Proposal 8: FDM between S-SSB and PSFCH/PSSCH/PSCCH is not supported.

 REF _Ref4615407 \h  \* MERGEFORMAT 
Proposal 9: FDM S-SSB can be considered for resource utilization.
Proposal 10: S-SSB burst set should be transmitted within a 5-ms time window.
Proposal 11: The maximum number of S-SSB with a burst set can be 2/4/8.
Proposal 12: A set of S-SSB periodicity values should be considered for better flexibility.
Proposal 13: PSBCH payload is 56 bits.
Proposal 14: PSBCH payload includes:
· Timing information

· TDD-config

· Frequency position of S-SSB

· Bandwidth of SL carrier.
Proposal 15: A unified PSBCH payload should be supported for inter-RAT, intra-RAT and out of coverage cases 

Proposal 16: gNB and eNB are treated with same priority during the determination of sync source
Proposal 17: In-coverage indicator should be carried by synchronization signal or DMRS.
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