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1 Introduction

This contribution will discuss design consideration for NR V2X synchronization including S-SSB design and how to handle eNB as the synchronization source.
2 Synchronization Channel Design
In RAN1#94bis, the following were agreed [1]: 
	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




This section discusses synchronization channel design for NR V2X.
LTE V2X supports synchronization subframe, wherein PSSS, SSSS, PSBCH, and DMRS are TDMed, as shown in Figure 1. Comparing to LTE PSS/SSS and PBCH, more symbols are introduced for PSSS, SSSS, and PSBCH to enhance the one-shot detection performance in LTE V2X. 
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Figure 1: Synchronization subframe in LTE V2X

As agreed in the last meeting, for NR V2X, the SS/PBCH block defined in Rel-15 NR is used as a starting point, wherein the block composition and signal/channel design within the block are quite different from LTE.  An illustration of the NR SS/PBCH block is shown in Figure 2, wherein PSS and SSS are mapped to the first and third symbols, respectively, and the central 12 PRBs within the BW of SS/PBCH block; and PBCH is mapped to the second and fourth symbols, as well as the remaining 8 RBs of the third symbol within the SS/PBCH block. 
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Figure 2: SS/PBCH block in Rel-15 NR

Rel-15 NR targets to support the synchronization and cell search of 1008 cells with the maximum UE speed evaluated as 120 km/h, and up to 4 combinations of signals and channels among SS/PBCH blocks with the same block index to meet the NR performance requirement. Based on the evaluation in Rel-15 NR, 2 or 3 combinations are required in general to achieve 90% cell detection accuracy at -6 dB SINR, hence, enhancement to the SS/PBCH block is required for NR V2X to achieve better one-shot detection performance and to address the use case of super high moving speed. In order to minimize the changes to Rel-15 NR, NR V2X shall strive to reuse the sequences and channels specified in Rel-15 NR SS/PBCH block to the maximum extent, and at least the following parameters should be further studied for NR V2X and determined in an early stage of SI phase: 
· Maximum number of sequences for S-SSS, which corresponds to the number of synchronization ID required for NR V2X.

· The single SCS of S-SSB determined per band.
· Periodicity of S-SSB, which should be determined based on the latency requirement of the synchronization procedure in NR V2X. 
Rel-15 NR also supports potential multi-beam operation of SS/PBCH blocks for both FR1 and FR2. A maximum number of SS/PBCH blocks within a half frame is defined per carrier frequency range, and slots containing SS/PBCH blocks are determined as successive from the first slot within a half frame, by reserving some gaps to address the use case of URLLC transmission. An illustration of the mapping patterns for SS/PBCH blocks in different combinations of supported SCS of SS/PBCH block and maximum number of SS/PBCH blocks per carrier frequency range is shown in Figure 3. Note that the Rel-15 NR SS/PBCH block design can facilitate both multiple-beam operation and single-beam operation with repetition up to network implementation. Hence, we didn’t see an essential need to remove this flexibility for NR V2X. 
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Figure 4: Mapping pattern of SS/PBCH blocks within a half frame in Rel-15 NR. 

However, the mapping pattern of SS/PBCH blocks as in Rel-15 NR may not be directly utilized for NR V2X, since the resource allocation for SS/PBCH blocks may not be always consecutive. Hence, NR V2X shall further study the mechanism of resource allocation to support multi-beam operation for synchronization channels. 
Proposal 1: Rel-15 NR design of SS/PBCH block and burst set can be a starting point for designing NR V2X synchronization channels. 

· Determine the following parameters in an early stage of SI
· Number of synchronization IDs
· SCS of S-SSB per band
· Periodicity of S-SSB
· Maximum number of S-SSB in a period
· Further study enhancement on signal and channel design for improving the one-shot detection performance.

· Further study the mechanism of resource allocation to support bursty transmission of S-SSB. 
For the purpose of evaluation for synchronization performance, the range of initial frequency error was determined in the last meeting. To facilitate the evaluation, more evaluation assumptions for the link level simulation should be discussed and agreed in the early stage of SI. For this purpose, we propose the following as a starting point. 
Proposal 2: Use the following table as a starting point for evaluation assumptions for sidelink synchronization LLS. 

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models agreed in [3]  

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -18 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 500km/h (optional)
	3 km/hr

	Number of Tx/Rx antenna elements
	2 Tx – 4 Rx
	FFS

	Antenna model
	Option 1
	Option 1

	Interference model
	Scenario 1: no interference

Scenario 2: 1 interference with same power and 1 interference with half power
	Scenario 1: no interference



	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm

RX: Uniform distribution within [-5, 5] ppm


3 How to Handle eNB as the Synchronization Source
In RAN1#94bis, the following were agreed [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
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




Since it was agreed to support eNB as the synchronization source, how to reflect it into NR V2X synchronization mechanism needs to be studied. Assuming that GNSS is not available or not reliable, when a UE detects either eNB or gNB, the UE can be synchronized to the detected one. However, there would be a scenario where UE detects both eNB and gNB and this scenario can be categorized into the following: i) eNB and gNB coexist without dual-connectivity and ii) eNB and gNB coexist with dual-connectivity. For these cases, which synchronization source is selected by the UE should be discussed.
This section discusses how to handle eNB as the synchronization source in two different scenarios.
eNB and gNB coexist without dual-connectivity
As shown in Figure 1, it is possible that UE-1 is synchronized to an eNB (i.e., UE-1 follows eNB timing) and UE-2 is synchronized to a gNB. Moreover, UE-3 or UE-4 can receive two S-SSBs; one from the UE-1 and the other from the UE-2. Then, depending on whether or not these two S-SSBs are distinguishable at UE-3 or UE-4, different UE behaviors are expected as follows:
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Figure 1: An example of S-SSB transmission and reception where one UE follows eNB timing and the other UE follows gNB timing
· Scenario 1: S-SSB from UE-1 and S-SSB from UE-2 are not distinguishable at UE-3 or UE-4.

· In this scenario, two S-SSBs can have the same priority level and UE-3 (or UE-4) selects the S-SSB transmitted from the UE with the highest S-RSRP result assuming that S-RSRP results of these two S-SSBs fulfill a synchronization source selection criterion. Since eNB and gNB are equally treated, this scenario will not much impact NR V2X synchronization procedure. However, Scenario 1 has the following drawbacks:
· As shown in Figure 1, it is assumed that UE-3 is much closer to UE-1 than UE-2 but UE-4 is much closer to UE-2 than UE-1. So, in this example, UE-3 will select the S-SSB transmitted from UE-1 (i.e., S-SSB-1) and UE-4 will select the S-SSB transmitted from UE-2 (i.e., S-SSB-2). Since UE-3 and UE-4 follow different reference timing, a discontinuity can occur when they communicate with each other. 

· It can be argued that this problem has been existed since LTE-V2X and it is nothing new. However, this problem becomes more severe in NR V2X due to unicast and groupcast communication with a feedback mechanism. So, NR V2X needs to resolve this problem.
· Scenario 2: S-SSB from UE-1 and S-SSB from UE-2 are distinguishable at UE-3 or UE-4.

· In Scenario 2, two S-SSBs can have a different priority level and UE-3 or UE-4 can select one of the two S-SSBs based on the priority level. For example, assuming that eNB is prioritized over gNB, both UE-3 and UE-4 can be synchronized to UE-1 and the discontinuity problem mentioned in Scenario 1 are resolved, because UE-3 and UE-4 follow the same reference timing. However, Scenario 2 will require more standardization efforts to specify at least the following:
· How to distinguish between S-SSB-1 and S-SSB-2.
· Whether the priority level is (pre-)configurable or not.
· What the priority rule is considering other synchronization reference sources such as GNSS and NR UE.
eNB and gNB coexist with dual-connectivity
It has not been discussed whether or not DC operation such as EN-DC, NE-DC or NN-DC has to be considered for NR V2X operation. Since it was agreed to support eNB as the synchronization source, V2X operation under EN-DC or NE-DC environment will be encountered. It can be argued that LTE V2X synchronization procedure does not take into account LTE DC operation and there is no strong motivation to discuss it for NR V2X synchronization. However, it should be noted that NR operating in higher frequency bands than LTE has a limited coverage and it is highly possible to have dual connectivity, i.e., EN-DC at the initial NR deployment stage. For example, as shown in Figure 2, it is possible that UE-1 is within eNB coverage and UE-2 is within eNB coverage as well as gNB coverage. Then the first question is what should be the synchronization source of the UE-2?. 
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Figure 2: An example of S-SSB transmission in an EN-DC scenario
On the other hand, assuming that UE-1 and UE-2 follow eNB timing and gNB timing, respectively, UE-3 can receive two S-SSBs; S-SSB-1from the UE-1and S-SSB-2 from the UE-2. Then, similar to the case shown in Figure 1, different synchronization mechanisms are expected depending on whether or not the two S-SSBs are distinguishable at UE-3. So, as provided in Proposal 3, RAN1 has to down-select one of the two scenarios.

Proposal 3: For NR V2X synchronization procedure,  RAN1 down-selects one of the following scenarios: 

· Scenario 1: S-SSB from UE synchronized to eNB and S-SSB from UE synchronized to gNB are not distinguishable.
· Scenario 2: S-SSB from UE synchronized to eNB and S-SSB from UE synchronized to gNB are distinguishable.
Proposal 4: RAN1 determines whether EN-DC, NE-DC or NN-DC operation needs to be considered for NR V2X synchronization operation.
4 Conclusion

In this contribution, we have discussed synchronization mechanism for NR V2X including synchronization channel design and synchronization procedure. The following proposals have been provided:

Synchronization channel design

Proposal 1: Rel-15 NR design of SS/PBCH block and burst set can be a starting point for designing NR V2X synchronization channels. 

· Determine the following parameters in an early stage of SI
· Number of synchronization IDs
· SCS of S-SSB per band
· Periodicity of S-SSB
· Maximum number of S-SSB in a period
· Further study enhancement on signal and channel design for improving the one-shot detection performance.

· Further study the mechanism of resource allocation to support bursty transmission of S-SSB. 
Proposal 2: Use the following table as a starting point for evaluation assumptions for sidelink synchronization LLS. 

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models agreed in [3]  

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -18 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 500km/h (optional)
	3 km/hr

	Number of Tx/Rx antenna elements
	2 Tx – 4 Rx
	FFS

	Antenna model
	Option 1
	Option 1

	Interference model
	Scenario 1: no interference

Scenario 2: 1 interference with same power and 1 interference with half power
	Scenario 1: no interference



	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm

RX: Uniform distribution within [-5, 5] ppm


Synchronization procedure
Proposal 3: For NR V2X synchronization procedure,  RAN1 down-selects one of the following scenarios: 

· Scenario 1: S-SSB from UE synchronized to eNB and S-SSB from UE synchronized to gNB are not distinguishable.
· Scenario 2: S-SSB from UE synchronized to eNB and S-SSB from UE synchronized to gNB are distinguishable.
Proposal 4: RAN1 determines whether EN-DC, NE-DC or NN-DC operation needs to be considered for NR V2X synchronization operation.
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