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[bookmark: _Ref477948028]Introduction
In this contribution, we provide our views on several open issues related to S-SSB design and synchronization procedure based on the feature lead summary in RAN1#97 meeting. 
NR SL PSS/SSS
For NR SL PSS/SSS selection, the auto/cross-correlation performance and the detection complexity should be taken into account. Thus, the single S-PSS can be considered to reduce the detection complexity and achieve the best auto-correlation while avoiding poor cross-correlation performance with the other NR S-PSS and NR uu PSS. With 2 S-PSS IDs, it doesn’t help the performance but just increases the detection complexity. It should be noted that S-PSS detection is anyway a kind of exhaustive search. Moreover, the number of SLSS ID is determined by S-SSS, which is independent of the number of S-PSS to be used. Meanwhile, up to 672 SLSS ID can be supported considering the differentiation of SLSS with SSS-RSRP based sync source prioritization. In addition, to avoid high cross-correlation with NR uu PSS, NR SL PSS should be generated from the other polynomial than 145 used in NR uu PSS. It should be noted, there is a poor cross-correlation performance between the m-sequences generated from the same polynomial. Thus, the other polynomial than 145 (e.g., 131-polynomial) can be considered for NR S-PSS generation.
The PSS detection complexity in terms of the hypotheses is analysed in the Table 1. The hypotheses in frequency domain are derived based on the initial frequency error [+/- 5ppm] and 6GHz frequency band and the step size (i.e., half of the subcarrier spacing). In the time domain, the oversampling is assumed and 160ms SSB period is assumed as agreed in RAN1. It can be noted that the two PSS’s will cause the much higher complexity on the detection than the single PSS. 
[bookmark: _Ref16931042]Table 1. Hypotheses for PSS detection
	SCS
	Hypotheses in FD.
	Hypotheses/symbol
	symbols/slot
	slots
	Hypothesis with single PSS
	Hypothesis with two PSS’s

	15
	8
	254
	14
	160
	4551680
	9103360

	30
	4
	254
	14
	320
	4551680
	9103360

	60
	2
	254
	14
	640
	4551680
	9103360



Furthermore, the complexity in term of the hypotheses for SSS detection is analysed in Table 2. It can be noted, that the SSS complexity in any case is much smaller than the PSS complexity based on 8 candidates of PSS. 


[bookmark: _Ref16931758]Table 2. Hypotheses for SSS detection
	Number of PSS
	PSS candidates
	Hypotheses w/ total 672 sequences
	Hypotheses w/ Total 336 sequences

	Single PSS
	8
	8*672
	8*336

	Two PSS’s
	8
	8*336
	N/A



[bookmark: _Ref15833574][bookmark: _Ref16935513]Proposal 1: The single NR S-PSS is adopted with total 672 S-SSS sequences to reduce blind detection complexity and improve SSB-RSRP measurements for sync source prioritization. 
[bookmark: _Ref16935514]Proposal 2: The single NR S-PSS should be generated from the other polynomial than NR uu PSS (e.g., 131-polynomial) to avoid the high cross-correlation due to m-sequence property.   
[bookmark: _Ref15833547][bookmark: _Ref16935516]Proposal 3: There is no FDM multiplexing between PSS/SSS and other signal/channels.
The other open issue on the PSS/SSS transmission is the potential impact of the power change. As shown in Figure 1. A set of simulation results for different channels are provided based on the different subcarrier spacing and 10us puncturing on the signals. It can be observed that SS detection performance in all cases can satisfy 90% detection rate at -6dB SINR with 10us puncturing on the signals. Moreover, 10us SSS puncturing (i.e., SSS reset in the figure) in the beginning of the symbol will have less impact compared to the PSS punctured by 10us (i.e., PSS reset in the figure). So it implies that PSS should be placed ahead of SSS to apply puncturing caused by power change for S-SSS. On the other hand, the transition period between PSS and SSS may have the potential impact on PBCH detection. 
[bookmark: _Ref16935518]Proposal 4: There is no need of transmission period due to the sufficient detection performance.
[bookmark: _Ref16935520]Proposal 5: S-PSS’s can be placed ahead of S-SSS’s to minimize the performance impact caused by the power change.
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[bookmark: _Ref16933331]Figure 1. PSS/SSS detection performance for NR V2X (length-127) vs. NR (length-127). 

PBCH data and PBCH DMRS in S-SSB
If the NR S-SSB design is targeting to have the comparable performance as LTE V2X, then PBCH (including PBCH data and DMRS) could be enhanced by having up to 11RBs of bandwidth and transmitted twice. Accordingly, the number of symbols for PBCH can be minimized for the better performance to combat the Doppler shift caused by the (relatively) high speed moving. 
The DMRS pattern location could be sparse in both frequency and time domain. The channel estimation performance could no degrade because this sparse DMRS but the decoding performance could be better for lower PSBCH coding rate. In option 1, the DMRS is consecutive in each symbols. In option 2, the DMRS is occupied only in symbol #1, #3, #5, #7(numbering start with PBCH 1st symbol). It is worthwhile to compare these two designs which performance is better. The preliminary simulation results are shown as follow with S-SSB periodicity 160ms. According to the simulation results, we can see that sparse DMRS pattern could always have about 0.5dB gain than consecutive DMRS in time domain. The detail simulation configuration is attached in appendix.


[bookmark: _Ref16845359]Figure 2. DMRS Pattern for PBCH channel (Option 1: DMRS 8 symbols, Option 2:DMRS 2 symbols x 2 Repetition)  
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Figure 3. PBCH decoding performance for consecutive DMRS vs. sparse DMRS
The DMRS symbol pattern could have 1 symbol shift as shown in Figure 2. The benefit is that: 1. UE could combine the SSS sequence to have better channel estimation; 2. The PBCH channel estimation will be interpolation other than extrapolation.
The DMRS pattern location in the RB can be fixed in the time/frequency domain without any cyclic shift to ensure the better channel estimation or cancellation in case of collision with other PBCHs from other UEs. The DMRS pattern could also have one/two RE shift in frequency domain to balance both PBCH channel edge performance.
[bookmark: _Ref15833558]Observation 1: The PBCH decoding performance could be better by sparse PSBCH DMRS pattern in time domain.
[bookmark: _Ref15833552]Proposal 6: The sparser NR V2X PBCH DMRS pattern can be used.
[bookmark: _Ref16847637]Proposal 7: The NR V2X PBCH DMRS pattern location in the symbol could have 1 symbol shift.
[bookmark: _Ref15833555]Proposal 8: For NR V2X PBCH DMRS, the location within the RB is fixed without any cyclic shift.
S-SSB structure
Based on discussion in Section 2 and Section 3, the potential candidate for S-SSB structure can be as such as shown in Figure 4. One S-SSB with 11 RBs by 13 symbols composed of 1 AGC symbol (e.g., based on SSS), 2 PSS symbols, 2 SSS symbols, and 8 PBCH symbols by repetition of PBCH channel with 4 symbols per PBCH channel followed by 1 GP symbol. 
[image: ]
[bookmark: _Ref16930513]Figure 4. S-SSB structure
[bookmark: _Ref15833563]Proposal 9: NR V2X S-SSB structure is supported based on combination 1 shown in Figure 4.
[bookmark: _Ref15833566][bookmark: _Ref16935527]Proposal 10: 8 symbols for PBCH comprises of one repetition for the 4 symbols of PBCH to enable early termination in most scenarios.
In some discussions, PSS is considered to be used for joint detection with SSS. However, in case of multiple transmissions of SL SSBs, PSS will be transmitted similar to SFN transmission from different sources, which is not suitable for using PSS for helping channel estimation of SSS due to the different or mixed channel conditions.
[bookmark: _Ref15833571]Proposal 11: S-PSS is not desirable for channel estimation due to high collisions with other PSSs in case of multiple SL-SSB transmissions.
Information carried by PSBCH
In LTE/NR, MIB info carried in PBCH provides the basic information for the UE to access into the network. For V2X, MIB information carried in PSBCH is to provide the timing information and the resource configuration to enable the SL communication for out-of-coverage UEs without serving cell. 
In LTE V2X, PSBCH contents is defined considering LTE feature based design, including sl-bandwidth, tdd-ConfigSL, directFrameNumber, directSubFrameNumber and inCoverage indicator. In NR V2X, the information carried in PSBCH should consider NR feature based design, such as SSB structure, whether supporting beam sweeping, bandwidth part (BWP) and different numerologies. At least the following information can be carried in PSBCH:
Timing information
It is reasonable to indicate the frame number in NR V2X PSBCH for frame timing info. For indication of subframe/slot information, there are two options:
· Option A: Slot/subframe information for the corresponding S-SSB is carried in MIB explicitly.
· Pros: Flexible location for SSB
· Cons: Large signaling overhead to indicate all possible locations in subframe/slot.
· Option B: Fixed and unique location for S-SSBs in a subframe to derive the slot/subframe information implicitly.
· Pros: Small signaling overhead with fixed location/pattern to derive the timing information.
· Cons: Fixed and single location for SSB in a subframe. SSB period can’t be smaller than a subframe.
Considering the different subcarrier spacing in NR V2X, the slot number information should be provided in case of subcarrier spacing is different than 15khz.
[bookmark: _Ref15833583]Proposal 12: Slot number information should be added for NR V2X.
[bookmark: _Ref15833599]Proposal 13: The fixed and unique location for S-SSB in a subframe can be used to derive the slot/subframe information implicitly.
InCoverage Indicator
The inCoverage indicator in LTE V2X PSBCH is used to indicate if the UE is directly or indirectly synced to GNSS/eNB. This is used for the priority group selection since UEs directly synced to GNSS/eNB has higher priority than UEs indirectly synced to them. However, such indicator is carried in MIB in LTE V2X so that UE has to decode PSBCH every time to determine the priority group, which causes the unnecessary complexity for the UEs. In NR V2X, such indicator can be considered to be carried in PSBCH-DMRS or SLSS ID to avoid PSBCH decoding for priority group identification.
[bookmark: _Ref15833523]Observation 2: In LTE V2X, UEs have to decode inCoverage in PSBCH to determine priority groups with unnecessary complexity.
[bookmark: _Ref15833605]Proposal 14: The inCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification.
DFN offset
In legacy LTE V2X, a DFN offset with range of 1ms was introduced to avoid the V2X UEs synced with GNSS collide with Uu UL signals when V2X-UE is in-coverage with a serving cell on a shared carrier.
In NR V2X, both eNB and gNB are available as synchronization sources. However, the timing difference between eNB and gNB should be also considered since NR Uu link supports different timing between eNB and gNB. Thus, V2X UE should consider three different timing, GNSS, eNB and gNB. At the same time, it also need to communicate between UEs belonging to the different asynchronous timing. This asynchronous timing could come from eNB-gNB, eNB or gNB itself. According to RAN4 specifications, the eNB and the gNB can be synchronous or asynchronous, with a maximum receive timing difference of up to 500 μs for inter-band asynchronous EN-DC, and up to 33 μs for inter-band synchronous EN-DC. 
Some companies had proposed some solutions for the asynchronous networks. One possible solution is to introduce multi-cluster synchronization. UEs should search multiple synchronization sources to guarantee seamless communication. Unfortunately, V2X UEs cannot communicate with other UE in asynchronous network even V2X UE can maintain multiple asynchronous timing. For example, sidelink 1 has the same SFN timing with sidelink 3, but sidelink 2 is asynchronous. Actually, sidelink 1 will always send the signals based on its timing whatever sidelink 1 can maintain two SFN timing or not. In that way, sidelink 1 had to dynamically adjust its timing for communicating with sidelink 2 and sidelink 3 at the same time. If sidelink 1 has lots of asynchronous UEs to communication, the overhead for sidelink 1 can’t be accepted by UE side. At the same time, if there is one pair of asynchronous synchronization source, such as eNB-gNB, eNB belongs to operator A, but gNB belongs to operator B. UE cannot know the frequency information of the other operator so that UE cannot search the other cell’s timing in this asynchronous network. 
[image: ]
Figure 5. Multiple sidelink UEs with different SFN in asynchronous network
[bookmark: _Ref15833526]Observation 3: The overloading is very high for sidelink UE to communicate with asynchronous UEs based on multi-cluster synchronization mechanism in NR V2X. 
[bookmark: _Ref15833608]Proposal 15: Do not introduce multiple-cluster synchronization in NR V2X.
Another possible solution is to configure a timing difference between asynchronous synchronization sources. Obviously, if there are lots of asynchronous synchronization sources, such as eNB-eNB, gNB-gNB, eNB-gNB, the network had to configure lots of signalling to UE. At the same time, if there is one pair of asynchronous synchronization source, such as eNB-gNB, eNB belongs to operator A, but gNB belongs to operator B. The network cannot know the timing difference between these two BSs. 
[bookmark: _Ref15833529]Observation 4: Configure the timing difference between eNB and gNB is not feasible.
Let’s come back this issue itself. There are two different scenarios for this asynchronous synchronization sources.  
InC with a serving cell on a Shared Carrier
UE1 and UE2’s sidelink service is worked on shared carrier with Uu uplink. There are several scenarios for UE1 and UE2’s synchronization status.
· UE1/UE2 synced to gNB, UE2/UE1 synced to GNSS
· Both UE1 and UE2 synced to GNSS
· Both UE1 and UE2 synced to gNB and gNBs are synced
· Both UE1 and UE2 synced to gNB but gNBs are asynced
In scenario 1,2, the network could reuse legacy LTE’s idea to configure offsetDFN to UE2/UE1 when UE2/UE1 is synced to GNSS to avoid the collision between sidelink and uplink. In scenario 3, there is no problem for UE1 and UE2’s communication when both UE1 and UE2 are synced to gNB and gNBs are synced. In scenario 4, it will be problem either sidelink possibly colliding with uplink or communication failed between two sidelink UEs. One possible solution is that the network should always configure GNSS as sync. source when the network deployment is asynchronous. Another feasible solution is that the network should send the signalling to UE to indicate the timing difference between the network with GNSS. UEs should adjust their timing to align with GNSS independently. After that, UE should decide which signals should be dropped once sidelink service collide with uplink service after the timing adjustment.
[bookmark: _Ref15833612]Proposal 16: The network should prioritize to configure GNSS as sync source when the network deployment is asynchronous.
[bookmark: _Ref15833615]Proposal 17: The UEs should synced to GNSS when the network deployment is asynchronous. The dropping rule should be used to decide whether sidelink or uplink should be dropped once sidelink service collide with uplink service.
OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier
UE1 and UE2’s sidelink service is worked on dedicated carrier. There are several scenarios for UE1 and UE2’s synchronization sources.
· UE1 synced to eNB, UE2 synced to GNSS
· UE1 synced to GNSS, UE2 synced to GNSS
· UE1 synced to eNB, UE2 synced to gNB
· UE1 synced to GNSS, UE2 synced to gNB
In scenario 1,4, the network could reuse legacy LTE’s idea to configure offsetDFN to UE1/UE2 when UE1/UE2 is synced to eNB/gNB. In scenario 2, there is no problem for UE1 and UE2’s communication when both UE1 and UE2 are synced to GNSS. But there is a problem in scenario 3 when UE1 is synced to eNB, UE2 is synced to gNB because eNB and gNB timing difference could be up to 500 μs including slot level timing difference and symbol level timing difference. A feasible solution is that both UE1 and UE2 should also adjust their timing to align with GNSS. The eNB and gNB could configure the timing difference between GNSS and itself timing whatever eNB and gNB belongs to the same operator or not. Owing to eNB and gNB timing difference could be larger than 1 slot, a new signalling DFN slot offset is introduced.
[image: ]
Figure 6. DFN offset adjustment when SL1 and SL2 are synced to asynchronous synchronization source
[bookmark: _Ref15833618]Proposal 18: The sidelink UE should align its DFN timing with GNSS when sidelink UE is OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier.
[bookmark: _Ref15833621]Proposal 19: The network should configure both DFN slot offset and DFN symbol offset to UE when sidelink UE is OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier.
RS-based SL Synchronization
For Non-SLSS based SL synchronization, the other RSs are considered for discussion. Firstly, whether it is feasible may depend on the discussion and decision on RS to be supported. Secondly, whether to use it or which RS is used for SL synchronization may need to be discussed to check whether there is the need of specification. Thirdly, supposing non-SLSS based solution can work well (at least for LTE V2X) and SLSS based priority rule will not be affected by RS-based SL synchronization, it seems that such RS-based SL synchronization is just an optimized solution but not an essential solution, which may not need any specification in Rel16 considering the work load.
[bookmark: _Ref15833623]Proposal 20: No specification for RS-based SL synchronization in Rel16.
Conclusion
The following summarizes the observations:
Observation 1: The PBCH decoding performance could be better by sparse PSBCH DMRS pattern in time domain.
Observation 2: In LTE V2X, UEs have to decode inCoverage in PSBCH to determine priority groups with unnecessary complexity.
Observation 3: The overloading is very high for sidelink UE to communicate with asynchronous UEs based on multi-cluster synchronization mechanism in NR V2X.
Observation 4: Configure the timing difference between eNB and gNB is not feasible.
The proposals are summarized as below:
Proposal 1: The single NR S-PSS is adopted with total 672 S-SSS sequences to reduce blind detection complexity and improve SSB-RSRP measurements for sync source prioritization.
Proposal 2: The single NR S-PSS should be generated from the other polynomial than NR uu PSS (e.g., 131-polynomial) to avoid the high cross-correlation due to m-sequence property.
Proposal 3: There is no FDM multiplexing between PSS/SSS and other signal/channels.
Proposal 4: There is no need of transmission period due to the sufficient detection performance.
Proposal 5: S-PSS’s can be placed ahead of S-SSS’s to minimize the performance impact caused by the power change.Proposal 6: The sparser NR V2X PBCH DMRS pattern can be used.
Proposal 7: The NR V2X PBCH DMRS pattern location in the symbol could have 1 symbol shift.
Proposal 8: For NR V2X PBCH DMRS, the location within the RB is fixed without any cyclic shift.
Proposal 9: NR V2X S-SSB structure is supported based on combination 1 shown in Figure 4.
Proposal 10: 8 symbols for PBCH comprises of one repetition for the 4 symbols of PBCH to enable early termination in most scenarios.
Proposal 11: S-PSS is not desirable for channel estimation due to high collisions with other PSSs in case of multiple SL-SSB transmissions.
Proposal 12: Slot number information should be added for NR V2X.
Proposal 13: The fixed and unique location for S-SSB in a subframe can be used to derive the slot/subframe information implicitly.
Proposal 14: The inCoverage indicator can be carried in PSBCH-DMRS rather than PSBCH payload to avoid unnecessary decoding for priority group identification.
Proposal 15: Do not introduce multiple-cluster synchronization in NR V2X.
Proposal 16: The network should prioritize to configure GNSS as sync source when the network deployment is asynchronous.
Proposal 17: The UEs should synced to GNSS when the network deployment is asynchronous. The dropping rule should be used to decide whether sidelink or uplink should be dropped once sidelink service collide with uplink service.
Proposal 18: The sidelink UE should align its DFN timing with GNSS when sidelink UE is OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier.
Proposal 19: The network should configure both DFN slot offset and DFN symbol offset to UE when sidelink UE is OoC on SL carrier and InC with a serving cell on a non-V2X SL carrier.
Proposal 20: No specification for RS-based SL synchronization in Rel16.
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Appendix
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	6GHz

	Subcarrier spacing
	KHz
	15 kHz

	Number of Tx antennas
	-
	1

	Number of Rx antennas
	-
	2

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	160

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	0

	PBCH symbols 
	 
	8

	Data and Control Power offset with respect to PSS and SSS
	dB
	0

	PBCH power offset with respect to PBCH-DMRS
	dB
	0

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit

	PBCH SNR
	dB
	-12 : 0 dB

	Propagation Condition
	-
	EPA5, ETU70 

	Detection Method
	 
	Baseline: on one shot detection (No combination for different PBCHs)
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