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

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
Agreements:
· 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
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.
Agreements:

· 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)
Agreements:

· Periodic transmission of S-SSB in NR V2X is supported
· FFS: whether one/more S-SSB is transmitted in a period
In this contribution, we provide our considerations on the following aspects
· Initial resource pool
· Beam operation of S-SSB
· S-SSB structure
· Synchronization source
2. Discussion
2.1. Initial resource pool
· Overhead for beam sweeping
At least for broadcast service and synchronization in FR2, beam sweeping is an essential feature for the transmission, in other cases like unicast transmission, it is not always required. Supporting beam sweeping in each resource pool every time leads to an increase in power consumption as well as a sustained decrease in resource efficiency. It would be better first to study whether there is a need to perform beam sweeping in each resource pool. In our view, at least one resource pool should be preserved for beam sweeping.

· Flexibility of transmission
In order to realize that mode 2 UEs of different automobile vendors can communicate with each other, the pre-configured resources of different automobile vendors should at least partially overlap. There could be the following alternatives for consideration:
1. Different vendors share the same pre-configurations
2. Different vendors share one common resource pool in their pre-configurations, e.g., initial resource pool, which is used for transmitting some fundamental information, including basic service and synchronization signal.
In order to support various use cases in NR sidelink, the configuration of SCS, bandwidth, as well as the frequency-domain position of the pre-configured resource pool should be flexible enough to adapt to the requirements under different conditions. As for the first alternative, the pre-configuration for different vendors are completely aligned. In this way, communications between different UEs can be easily achieved, but it would be difficult to meet the target requirements with relatively high restrictions.
On the other hand, for alternative 2, the initial resource pool can be less diverge or even constant among different vendors, which is used only for a limited set of services and synchronization. Once the auto-selection mode is activated, UE starts to transmit/receive signals on the initial resource pool first. Then if needed, UE can be (re)configured onto other resource pools for special needs transmission. Moreover, it is beneficial for the UE to reduce the processing complexity, because the UE is not required to blindly monitor all possible resource pools drastically. 
Comparing these two, Alt. 2 is a better choice as it provides better flexibility and scalability.  
· Coordination between Uu and Sidelink
If a licensed carrier is shared for Uu and sidelink, it is essential to avoid the interference from sidelink to Uu. 

Considering that the slot format is quite flexible in NR Uu, i.e., hundreds of DL/UL combination can be configured for a cell. Further, dynamic SFI change is also supported in NR Uu. Therefore, it would be difficult or even impossible to ensure every preconfigured resource pool is consistent with each possible slot format configuration in Uu. As a result, the misalignment and interference between Uu and sidelink would become severe compared to LTE and cannot be resolved by coordination. 
Therefore, a method of alleviating the collision should be further studied. The initial resource pool can help mitigate this issue. The network can simply avoid using the resources overlapping with the initial resource pool. No further coordination is needed for all the other pre-configured resource pools.
· Fallback mechanism 

If radio link connection is established for sidelink UEs (e.g., for unicast), it is important to handle the beam failure or radio link failure also in sidelink, especially in FR2. The connection supported by the failed beam pair would be blocked and is not able to resume until the beam pair is recovered. As the initial resource pool always supports beam sweeping and provides beam related information, it can act as a fallback resource pool by default in case the ongoing transmission suffering lousy channel quality. Moreover, it is also beneficial for communication between UEs before unicast link established, or during the radio link reconfiguration.

Proposal 1: Study whether there is a need to perform beam sweeping in each resource pool. 

Proposal 2: There is at least an initial resource pool defined for the purposes of multi-beam operation, initial communication for a limited set of service, interference coordination and fallback operation.

2.2. Beam operation of S-SSB
Since licensed spectrum is also under consideration for NR sidelink transmission according to the SID, and beam-sweeping has been enabled for broadcast signaling in NR for coverage enhancement. In the following section, we will discuss problems that we may encounter if we do or do not apply beam-sweeping for S-SSB transmission.

· When applying S-SSB based beam operation

If multiple beam operation is supported for S-SSB, the following issues need to be addressed:

1. How to identify S-SSB from different UEs

In downlink, a cell can be uniquely identified by its PCI in a local region. The PCI confusion can be avoided by proper network deployment so that UE can determine the PCI of the detected cell by decoding PSS+SSS without ambiguity. However, a sidelink UE cannot be identified by the SLSSID, as the UE keeps moving thus hard to avoid collision of SLSSID among UEs. One possible solution to mitigate this SLSSID ambiguity is to select SLSSID based on UE’s group ID or service type. Some coordination and negotiation are also necessary between neighboring UE groups. However, as a UE may join and leave a group frequently, especially in the case of high-speed, and its service status changes from time to time, the SLSSID would be frequently changed to match the Group identity/service statues. It would be complicated and inefficient to handle such rapid SLSSID changes. In addition, UE is still impossible to avoid SLSSID collision without sufficient time for SLSSID negotiation. 
While determining beam operation, the accuracy of measurement relies on whether the receiving UE of distinguishing signals from different transmitting UEs. Therefore, this SLSSID ambiguity may have negative impacts on the beam operation procedure. One way to eliminate the impact of this ambiguity is to associate UE ID and S-SSB so that the receiver can identify the transmitter after S-SSB decoding. Considering that PSBCH payload is limited compared with the UE ID (e.g., L2 ID or application ID), it is not appropriate to carry all UE ID information in the SSB. Further considerations on how to delivery UE ID through S-SSB is needed.
2. How to derive/maintain beam pair
If multiple beam operation is supported in NR sidelink, the UE has to acquire the beam pair related information for efficient transmission/reception. Otherwise, it has to monitor the potential monitoring/transmission occasions all the time even some of these occasions are intended for a completely opposite direction. In NR, acquisition of association between SSB and RO plays a vital role in beam training. With the SSB-RO mapping, the NW knows when an RA attempt from device served by a specific DL beam may occur, and UE is able to establish a suitable TX-RX beam pair at an early stage. It would be natural to use S-SSB to serve the same purposes of helping UE acquire suitable TX/RX beam for the subsequent communication in NR sidelink. 
Proposal 3: If multiple beam operation is supported for S-SSB, the following issues need to be addressed：

· How to identify S-SSB from different UEs
· How to derive beam pair from detected S-SSB

Proposal 4: If multiple beam operation is supported for S-SSB, multiple periodicities of S-SSB should be considered.
· When not applying S-SSB based beam operation

If S-SSB is not used for beam operation, the following issue needs to be addressed:

1. How to perform beam measurement and identify transmitting UE
Considering UE movements and the changes of the radio environment, measurements for capturing the actual quality of different TX beams are critical for beam management and specified in NR. The resources by which beam-specific measurement can be carried out include either CSI-RS or SSB in NR downlink. 
In NR sidelink, if S-SSB only serves the purpose of synchronization as LTE, other RS is needed to take the liability of distinguishing different transmitting UEs. The CSI-RS is highly flexible and configurable, which can be used only if a connection is established. In order to identify a target UE at least for connection setup, it seems an additional RS is inevitably needed for multi-beam operation. 
2. Whether there is a must for S-SSB to provide information for RS of beam operation
If the additional RS for multi-beam operation is introduced, S-SSB needs to provide its association with the additional RS for beam operation in order to help the receiving UE identify the RS for the transmitting UE. In this case, if two UEs use the same sync resource to transmit S-SSB, there is a risk that the receiving UE can be confused with the association between the S-SSB and the additional RS since UE is not able to tell the differences between these SSB instances. In other words, the receiving UE cannot identify different transmitting UE by detecting the additional RS.
Alternatively, S-SSB conveys timing information only, and UE has to detect the additional RS for beam pairing blindly. However, this will have a negative impact on processing complexity and energy consumption.

Observation 1: If S-SSB only serves to acquire timing information, additional RS, which is needed for beam measurement and identification of transmitting UE, should be mandatorily supported.

Proposal 5: If multiple beam operation is not supported for S-SSB, the following issues need to be addressed：

· Study other RS or signal that can be used for identifying different transmitting UEs
· Study other RS or signal that can be used for beam measurement
· Study the performance and complexity of introducing other RS for beam operation

Proposal 6: If multiple beam operation is not supported for S-SSB, study the information conveyed by S-SSB:
· S-SSB carries all essential information for timing
· S-SSB carries at least a part of essential information for other RS, e.g., its association with the RS for beam operation, in addition to the timing information

2.3. S-SSB Structure 

The S-SSB characteristics are specified in the following parts:

· Transmission bandwidth limitation
For idle UE, the gNB does not know the bandwidth capabilities of sidelink UEs. Since the S-SSB may be transmitted without any prior information, the S-SSB bandwidth should be less than the minimum UE bandwidth. To ensure that all UE can transmit S-SSB irrespective of its supported channel bandwidth, RAN1 needs to specify at least one transmission bandwidth limitation within a carrier bandwidth.
Given that the minimum UE bandwidth in NR is 20MHz and 200MHz for FR1 and FR2 respectively, but the communication channel bandwidth for current ITS band is 10MH, we propose that:
Proposal 7: At least one transmission bandwidth restriction for S-SSB should be specified:
· For FR1, the transmission bandwidth containing S-SSB is no more than 10MHz.
· For FR2, the transmission bandwidth containing S-SSB is no more than 200MHz.
· Waveform

In NR, CP-OFDM waveform is supported with non-contiguous frequency resource allocation and can be directly reused to achieve high flexibility and spatial multiplexing. We prefer using CP-OFDM as the baseline in NR sidelink, the DFT-OFDM waveform would be only introduced when the PAPR issue is severe.
Proposal 8: For the waveform of S-SSB, we prefer supporting CP-OFDM only.

· SCS of S-SSB

It is an optional feature to support mixed numerologies between SSB and NR data. In NR sidelink, supporting same numerology between the multiplexed S-SSB and SA/data at least is beneficial for easier implementation. Generally, if the S-SSB reuses the same SCS for data or SCI, then the same receiver FFT can be used for both S-SSB, data and SCI. No frequency guards, measurement gaps or switching gaps are needed, which facilitates high resource utilization and power saving. Also, if S-SSB uses a larger SCS, the large residual CFO after S-SSB detection will degrade the decoding performance of SA/data. 
Proposal 9: S-SSB and the other sidelink transmission in the same resource pool share the same numerology.

· S-SSB periodicity
In the last meeting, we agreed that periodic S-SSB is supported, but no conclusion about whether multiple periodicities are supported or not was made. It is still unclear whether a single S-SSB instance within a periodicity is enough. In NR, NW has the flexibility to adjust the number of S-SSB and S-SSB periodicity for different scenarios. For example, a larger number of SSB with a short periodicity is to accelerate the initial access process while a smaller one of SSB with a long periodicity mainly aims for saving power. Same design philosophy can be adopted in NR sidelink. As we discussed above, if NR sidelink needs to support multiple beam operation, then UE can perform beam sweeping in one of the resource pools, implying some resource pools can be deployed with sparse S-SSB transmission merely for synchronization or even without S-SSB. In this case, it would be better to let UE know how long it should wait for the S-SSB reception in each resource pool.

Proposal 10: A set of S-SSB periodicity values for adaptation and indication should be considered.
· Components of S-SSB
In the last meeting, 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 SLSSID 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 by following the priority mechanism. Moreover, as the PSBCH depends on coherent demodulation of DMRSs, DMRS must be signaled as a part of S-SSB.
Proposal 11: S-PSS and S-SSS should be used to carry SLSSID and determine the type of the sync source.
Proposal 12: S-SSB should include DMRS for PSBCH demodulation.

· Multiplexing of SS and PSBCH
For NR SSB pattern, RAN1 has introduced a nested resource pattern considering the concurrence of SSB and data with mixed numerologies. It is beneficial to support the LTE-NR coexistence scenario, as the nested resource pattern would help guarantee the properly CRS transmission regardless of the SCS of NR. However, it seems such motivation is not needed for NR sidelink.
Nevertheless, the nest structure may lead to restrictions on the transmission direction of the consecutive S-SSBs with larger SCS or more symbols of S-SSB for AGC purpose, it is better to avoid such a design. Instead, the frame structure of sidelink can be further simplified; for instance, consider a unified S-SSB structure which applies for the whole frequency ranges instead of the candidate positions of S-SSB depend on SCS. 
An example of S-SSB composition based on the TDM’ed S-PSS and S-SSS is shown in Figure 1. The TDM scheme provides the flexibility to transmit PSBCH with a separate beam and a different periodicity from S-PSS/S-SSS while the FDM design is beneficial for reducing beam-sweeping latency. However, to avoid using S-PSS for AGC, an additional symbol is required to do AGC before S-PSS, and a wider frequency range has to be left for TX-RX switching than the TDM scheme. Furthermore, the FDM scheme needs either two filters for PSBCH/S-PSS or advanced receiver to compensate the S-PSS performance degradation which is resulted from the interference from PSBCH. Last but not least, it makes power boosting of S-PSS transmission more difficult. Thus, compared with the TDM scheme, FDM multiplexing of S-PSS/S-SSS/PSBCH will complicate implementation and reduce resource efficiency.
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Figure 1. Example for S-SSB composition
Proposal 13: Consider a unified S-SSB resource pattern that applies to different frequency ranges and SCSs.
Proposal 14: AGC and TX/RX switching periods should be taken into account when design S-SSB.
Proposal 15: S-PSS/S-SSS and PSBCH should be TDM multiplexed.
· S-SSB in NR license band
Based on the SID, both sidelink frequencies for ITS bands and licensed bands should be considered. If there is overlapping between NR licensed band and NR sidelink band, UE should be able to distinguish the synchronization signals transmitted from different interfaces, NR Uu and NR PC5, respectively. Otherwise, the misunderstanding of received SSB will result in unnecessary access delay and erroneously soft-combining. Even worse, it may break the legacy UE initial access procedure.

To differentiate between the sidelink synchronization signal block and the legacy NR-SSB, we suggest the following aspects can be considered:

· Different frequency positions

E.g., to reduce the delay of S-SSB search and ensure high deployment flexibility, we can just reuse the NR sync raster for sidelink. In mode 1, NW can provide the information of the sync raster used for S-SSB and separate the ones used for NR-SSB and S-SSB in frequency domain, then sidelink UE can classify the detected synchronization type according to its frequency.

· Redefine the relative position between signals/channels included in the S-SSB

E.g., the gap between PSSS and SSSS contains more than one OFDM symbol. Even if NR SS sequence is reused for NR sidelink, the relative positions of the synchronization signals/channels within the block will differ depending on whether the block is transmitting on Uu or PC5, the difference allows for the identification of the type of the synchronization block.

· Different sequences

One way is to reuse the M sequence for NR PSS. By using cycle shifts other than [0,43,86], S-SSB and NR-SSB can be differentiated at the stage of primary synchronization signal detection. 
Proposal 16: S-SSB should be designed to have a lower correlation with NR SSB using:
· Different frequency position
· Different S-SSB pattern
· Reuse the NR SS sequence design with unused cyclic shifts.
2.4. Synchronization source
According to the agreement, GNSS, gNB, NR V2X UE and eNB can be used as synchronization sources. Generally, there is no need to differentiate between gNB and eNB, 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 ref UEs. The rules of synchronization source selection defined in LTE would be sufficient for NR sidelink.
While reusing the LTE synchronization source selection mechanism, some optimizations can 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 NW coverage or not. For purposes of simplicity, this duty can be assigned to SLSSID in NR. 
As is shown in Figure 2, The UEgNB represents the UEs who use the gNB as its direct sync source while the UE_UEgNB use UEgNB as their direct sync source. Unlike LTE, we don’t think there is a need to assign different SLSSIDs to UE_UEgNB and its followers, UE_UE_UEgNB, since they are both out of coverage and do not have accurate timing of gNB.

Besides, the SLSSID for UEgNB and UE_UEgNB in Figure 2 should be different, so a UE can identify the priority group of the received signal without reading V2X-MIB. It needs to decode V2X-MIB for timing information only after determining its direct sync source through SLSSID.
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Figure 2. Example of synchronization procedure of LTE V2X
Proposal 17: Reuse LTE synchronization source selection mechanism for NR sidelink with proper simplicities, which are as follows:

· gNB and eNB are treated with same priority
· Avoid reading MIB when selecting sync source
3. Conclusion

In this contribution, we discuss potential physical layer design for NR sidelink synchronization mechanism and have the following observations and proposals:
Observation 1: If S-SSB only serves to acquire timing information, additional RS, which is needed for beam measurement and identification of transmitting UE, should be mandatorily supported.
Proposal 1: Study whether there is a need to perform beam sweeping in each resource pool.
Proposal 2: There is at least an initial resource pool defined for the purposes of multi-beam operation, initial communication for a limited set of service, interference coordination and fallback operation.
Proposal 3: If multiple beam operation is supported for S-SSB, the following issues need to be addressed：
· How to identify S-SSB from different UEs
· How to derive beam pair from detected S-SSB

Proposal 4: If multiple beam operation is supported for S-SSB, multiple periodicities of S-SSB should be considered.
Proposal 5: If multiple beam operation is not supported for S-SSB, the following issues need to be addressed：
· Study other RS or signal that can be used for identifying different transmitting UEs
· Study other RS or signal that can be used for beam measurement
· Study the performance and complexity of introducing other RS for beam operation

Proposal 6: If multiple beam operation is not supported for S-SSB, study the information conveyed by S-SSB:
· S-SSB carries all essential information for timing

· S-SSB carries at least a part of essential information for other RS, e.g., its association with the RS for beam operation, in addition to the timing information

Proposal 7: At least one transmission bandwidth restriction for S-SSB should be specified:
· For FR1, the transmission bandwidth containing S-SSB is no more than 10MHz.
· For FR2, the transmission bandwidth containing S-SSB is no more than 200MHz.
Proposal 8: For the waveform of S-SSB, we prefer supporting CP-OFDM only.
Proposal 9: S-SSB and the other sidelink transmission in the same resource pool share the same numerology.
Proposal 10: A set of S-SSB periodicity values for adaptation and indication should be considered.
Proposal 11: S-PSS and S-SSS should be used to carry SLSSID and determine the type of the sync source.
Proposal 12: S-SSB should include DMRS for PSBCH demodulation.
Proposal 13: Consider a unified S-SSB resource pattern that applies to different frequency ranges and SCSs.
Proposal 14: AGC and TX/RX switching periods should be taken into account when design S-SSB.
Proposal 15: S-PSS/S-SSS and PSBCH should be TDM multiplexed.
Proposal 16: S-SSB should be designed to have a lower correlation with NR SSB using:
· Different frequency position
· Different S-SSB pattern

· Reuse the NR SS sequence design with unused cyclic shifts.
Proposal 17: Reuse LTE synchronization source selection mechanism for NR sidelink with proper simplicities, which are as follows:
· gNB and eNB are treated with same priority
· Avoid reading MIB when selecting sync source
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