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1. [bookmark: Source]Introduction
In RAN1 #96bis meeting, the following agreements about synchronization mechanism were achieved [1].
Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.
Agreements:
· For the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC.
The WID for 5G V2X with NR sidelink [2] listed the following objectives of NR sidelink synchronization mechanism:
	· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified



This contribution provides our considerations on S-SSB structure, transmission and reception of S-SSB, PSBCH and SL-MIB contents.
2. Discussion
2.1 S-SSB structure
The following conclusions about sidelink numerology have been achieved during the SI stage:
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]For FR1: normal CP is supported for 15/30/60kHz, extended CP is supported for 60kHz
· For FR2: normal CP is supported for 60/120kHz, extended CP is supported for 60kHz

NR V2X should strive for a unified S-SSB structure with bandwidth scaling based on the supported numerologies in the frequency domain, i.e. bandwidth of S-SSB = 11RB * 12SC * SCS. And in the time domain, it was agreed in the last meeting that 2 symbols are used for each of S-PSS and S-SSS, respectively. However, the number of symbols used for PSBCH has not been determined yet. From our perspective, PSBCH is not expected to occupy more than 7 symbols within one slot including the first symbol for AGC, otherwise, it will not work for extended CP configuration since symbol #11 may be reserved for Guard Period (GP) in certain SCSs as shown in Figure-1. 
Proposal 1: Support a unified S-SSB structure for both normal CP and extended CP.  


Figure-1, one example of S-SSB 
In LTE V2X, Sidelink Synchronization Signals (SLSS), PSBCH and DMRS occupy full subframe and cannot be multiplexed with other signals or channels to keep the single carrier property of the SC-FDMA waveform. However, considering the more stringent latency requirements in NR V2X, such a design is not attractive and multiplexing S-SSB and other channels, i.e., PSCCH, PSSCH, PSFCH, etc., should be discussed, especially if multiple S-SSBs in one period are supported.
From the perspective of time domain, some vacant symbols in the S-SSB slot could be multiplexed with other channels. It is feasible at least for normal CP configuration since there are always remaining symbols, when uniform design for normal CP and extended CP applies. Figure-1 gives one example where the remaining 2 symbols are used for PSFCH and its AGC.
From the perspective of frequency domain, multiplexing S-SSB and other channels should be supported as well to avoid resource waste, when the sidelink BWP is much larger than S-SSB bandwidth. Furthermore, it has been agreed that only CP-OFDM waveform is supported for NR sidelink, which enables multiplexing S-SSB and other sidelink channels in the frequency domain. 
Proposal 2: RAN1 should discuss multiplexing S-SSB and other sidelink channels.
The design of SLSSIDs should consider their necessary functionalities and here we give some analyses based on the following two main functionalities derived from LTE V2X: 
· Represent different synchronization reference priorities. For example, SLSSID=0 means V2X UEs directly synchronizing to GNSS, and SLSSID id_net means V2X UEs directly or indirectly (2-hop) synchronizing to eNB. As per the working assumptions about synchronization priority order, similar SLSSID sets could be reused for NR V2X. 
· Avoid mistaken accumulation of different PSBCH contents due to SLSSID collisions. LTE V2X mainly considers the SLSSID collision between neighbouring cells and solves it by network configuration, i.e., different SLSSIDs are allocated to different cells so that the same SLSSID always associates to a uniform timing and the same PSBCH contents. Such a mechanism is definitely necessary for NR V2X and more SLSSIDs are required to handle the severer SLSSID collision caused by the denser network deployment. Furthermore, if SL-BWP or TDD-UL-DL configurations are carried by PSBCH, even for V2X UEs synchronizing to the same cell, their PSBCH contents could be different to each other and therefore, more SLSSIDs are needed for differentiation. 

In conclusion, it is desired to increase the number of SLSSIDs in NR V2X. To reuse the same sequence generators in NR Uu link, one nature way is to employ 2 PSS sequences with different polynomials or cyclic shifts and 336 SSS sequences.
Proposal 3: 672 SLSSIDs can be considered as the starting point for NR V2X S-SSB design.
2.2 S-SSB transmission and reception
Similar to the DL SSB transmission with a periodicity ranging from 5ms up to 160ms, multiple periodicities should be supported for S-SSB transmission so that a V2X UE could flexibly adopt a suitable periodicity under different situations. For example, for a V2X UE surrounded with reliable synchronization references, a longer periodicity could be used for higher resource efficiency; while for a V2X UE barely receiving other synchronization signals, a shorter periodicity could be used to accelerate synchronization procedure and improve PSBCH decoding performance for other UEs.
Proposal 4: Multiple S-SSB transmission periodicities should be supported.
As for the candidate values of S-SSB periodicities, a lot of factors should be taken into account, such as reception performance, acquisition time, signalling overhead, coordination with typical traffic period, aligning to SFN/DFN boundary and so on. Besides, it should also be aligned with TDD-UL-DL configuration to guarantee the availability of S-SSB resources. As illustrated in Figure-2, if the S-SSB periodicity is not aligned with that of TDD-UL-DL configuration, some S-SSB occasions may be located in DL resources and cannot be transmitted. Hence, it is better to set the S-SSB periodicity as an integer multiple of all candidate TDD-UL-DL periodicities. Attributing to the restriction that 20ms is an integer multiple of the combined periodicity and also a multiple of any single periodicity in NR Uu, the S-SSB periodicity could be set to a multiple of 20ms. 
Proposal 5: The S-SSB periodicity should be an integer multiple of 20ms to align with TDD-UL-DL configuration.


Figure-2, illustration of S-SSB periodicity and TDD-UL-DL configuration
In LTE V2X, the SLSS transmission can be triggered either by a dedicated signalling from eNB (network-based) or by the comparison of the measured RSRP/S-RSRP and (pre-)configured threshold (UE-based). These two methods could be reused in NR V2X. Unlike omni-directional PSS/SSS/PBCH in LTE, NR employs a set of directional DL SSBs by applying beam-forming technology and therefore, both beam-level and cell-level measurements are defined. Regarding this, NR V2X should investigate which level of SSB measurement result is used to trigger S-SSB transmission. 
Proposal 6: NR V2X should support both network-based and UE-based trigger methods for S-SSB transmission, and further discuss which level of RSRP measurements should be used.
According to the WID, non-SLSS based synchronization method is introduced as a supplementary of traditional SLSS based synchronization method. Instead of commencing complicated DL SSB/GNSS/S-SSB synchronization search, this new feature allows a V2X UE to maintain accurate timing through other RSs such as PSSCH DMRS when its crystal oscillator does not drift too much. However, if a V2X UE couldn’t find any appropriate non-SLSS RS, it should perform SLSS based synchronization procedure by default. Whether this fall back mechanism could be achieved by UE implementation should be clarified.
Proposal 7: Whether it is up to UE implementation for falling back to S-SSB search from non-SLSS based synchronization should be clarified.
2.3 PSBCH
Coding rate is one of the key factors affecting PSBCH performance. Table-1 shows the candidate NR PSBCH coding rates based on the following assumptions:
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]PSBCH payload size: 56 bits including 24-bit CRC for evaluation purpose[agreed in RAN1 #96bis]
· PSBCH modulation scheme: QPSK
· Number of RBs for PSBCH: 11RBs [agreed in RAN1 #96bis]
· Number of symbols for PSBCH: 6 symbols or 7 symbols if PSBCH is used for AGC tuning
· PSBCH DMRS: 3 or 4 REs per RB using comb-like structure similar as NR PBCH DMRS

Table-1, PSBCH coding rates
	 
	Payload (including CRC)
	symbol*RB*SC*density
	Coding rate

	NR PBCH
	56bits (24-bit CRC)
	20*2*12*3/4+8*12*3/4=432 RE
	56/2/432=0.0648

	NR PSBCH
	56bits (24-bit CRC)
	6*11*12*(3/4)=594RE
	56/2/594=0.0471

	NR PSBCH
	56bits (24-bit CRC)
	7*11*12*(3/4)=693RE
	56/2/693=0.0404

	NR PSBCH
	56bits (24-bit CRC)
	6*11*12*(2/3)=528RE
	56/2/528=0.0530

	NR PSBCH
	56bits (24-bit CRC)
	7*11*12*(2/3)=616RE
	56/2/616=0.0455



In order to achieve 1% BLER accuracy at SNR = -6 dB, NR PBCH allows nominally 4 soft combinations by repetitive SSB transmission in 80ms TTI (i.e. the default SSB periodicity is 20ms). Typically, 2 or 3 combinations are enough and the equivalent coding rate is around 0.02 ~ 0.03. As shown in Table-1, NR PSBCH coding rate is around 0.04 ~0.05, then about 2 PSBCH combinations can be enough to achieve a performance close to that of NR PBCH. Therefore, the impact of the small number of PSBCH combinations can be considered in design of PSBCH transmission, e.g. periodicity and whether to support repetition within a period.
Furthermore, the following two types of soft combinations could be considered: 
· Combining PSBCH within one S-SSB period. This soft combination requires 2 repetitive S-SSBs within one period. If multiple S-SSB positions within one period are supported for compatibility in FR2, this could be naturally enabled by UE implementation. 
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]Combining PSBCH across multiple S-SSB periods. If supported, a longer combining cycle  (e.g. PSBCH TTI) should be introduced to guarantee the identical SL-MIB contents within one combining cycle. To allow 2 PSBCH combinations, it is better to set the default S-SSB periodicity  as .
For both types, some timing related bits should be indicated through scrambling sequences or PSBCH similar as NR Uu link so that the Rx UE can identify the combining boundary. 
Regarding PSBCH DMRS, as the baseline, design principles of PBCH-DMRS, e.g. self-contained structure, even spacing in the frequency domain and conveying timing information, can be maintained for PSBCH DMRS.
Furthermore, the density of PSBCH DMRS can be reduced, so that PSBCH coding rate can be reduced accordingly to improve PSBCH performance. On the other hand, the degradation of channel estimation performance due to the reduced PSBCH DMRS resource may be compensated with the help of S-SSS. Similar to SSS-aided channel estimation for PBCH in Uu link, S-SSS can be used to improve the channel estimation performance of PSBCH through the time-domain interpolation. For this reason, S-SSS can be inserted in a set of symbols, which can uniformly separate PSBCH symbols into several segments. As the example shown in Figure-3, PSBCH symbols #4/6/7/9 could utilize the S-SSS for channel estimation. Hence, the PSBCH DMRS in these symbols could be sparser, e.g. 2 REs per RB. For the remaining PSBCH symbols without the assistance of S-SSS, denser PSBCH DMRS pattern should be employed, e.g. 3 REs per RB. 


Figure-3, one example of S-SSB structure and PSBCH DMRS pattern
However, the sparse PSBCH DMRS pattern will lead to different interpolation/filtering algorithms for UE implementation, which may have implementation efforts. Furthermore, the length of PSBCH DMRS sequence should be long enough to convey time index of S-SSB and/or synchronization priority information which will be discussed in section 2.4.1, and thus whether to support the sparse DMRS pattern needs FFS.
Proposal 8: Support PSBCH soft combination:
· Soft combining PSBCH across multiple S-SSB periods, FFS the relationship between combing cycle and S-SSB periodicity 
· Soft combining PSBCH using repetitive S-SSBs within one period, FFS whether it could be supported by UE implementation

Propose 9: Take PBCH-DMRS like structure as the baseline of PSBCH DMRS. FFS whether to support a reduced density of DMRS in the frequency domain.
2.4 SL-MIB contents
Referring to LTE V2X SL-MIB contents [3], we mainly focus on the following fields: “in coverage”, timing information including “directFrameNumber” (DFN) and “directSubframeNumer”, “sl-Bandwidth”, “tdd-ConfigSL”, and then provide our considerations on how to indicate these messages in NR V2X.
[bookmark: OLE_LINK16]2.4.1 Priority indication
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In LTE V2X, 1-bit “in coverage” indicator is carried by SL-MIB. The “in coverage” indicator and SLSSID are used together to distinguish SLSS priorities. Specifically, the distinction for 1-hop and 2-hop SLSSs mostly relies on the “in coverage” indicator, since their SLSSIDs share id_net set. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this case, a V2X UE cannot identify the priority order of the synchronization sources until all the SL-MIBs are successfully decoded. As known to all, PSBCH decoding is time-consuming, especially for low SNR scenarios where PSBCH soft combination across multiple periods should be performed. Additionally, as synchronization sources with lower priorities will not be selected, it is worthless to have other fields in the SL-MIBs deciphering. Therefore, in order to avoid PSBCH decoding only for getting the priority information, it is better to study other potential designs to carry the “in coverage” indicator. We provide two options below:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Option 1: indicate the “in coverage” via different SLSSID sets. Besides id_net and id_oon in LTE V2X, the third SLSSID set can be introduced to replace the “in coverage” indicator, i.e., id_net for 1-hop, id_partial for 2-hop and id_oon for more than 2-hop and isolate V2X UEs. In order to guarantee enough SLSSIDs for each set, the total number of SLSSIDs should be extended, which has impact on the design of S-PSS/S-SSS.
· Option 2: indicate the “in coverage” via PSBCH DMRS sequences. For each NR cell ID, 8 candidate PBCH DMRS sequences are designed to carry timing information, comprising of 2-bit SSB index and 1-bit half-frame indicator for L=4 or 3-bit SSB index for L=8/64. During the selection/reselection of synchronization sources, a V2X UE needs to identify the priorities of candidate sources first, and then performs time and frequency synchronization to the highest one. Therefore, it is more efficient to indicate the “in coverage” via DMRS sequences than SL-MIB, so that PSBCH decoding of synchronization sources with lower priorities could be avoided.
Proposal 10: Indicating the “in coverage” via SLSSIDs or PSBCH DMRS should be discussed for sidelink synchronization.
2.4.2 Timing information
To achieve an aligned timing between Tx UEs and Rx UEs, SL-MIB should contain timing related information, for example using the absolute timing indicators DFN (10 bits to indicate [0, 1023]) and slot number (7 bits to indicate 80 slots within one frame in case of 120kHz SCS). Considering the limited overhead in SL-MIB, fixed S-SSB pattern similar as NR DL SSB could be predefined for each numerology so that the 7-bit slot number indicator can be reduced. Since generally the beam numbers in sidelink is fewer than that in Uu link, we could reserve 3 bits for S-SSB time index at the present stage. 
Observation 1: Directly indicating DFN and slot number requires 17 bits. 
Proposal 11: Timing information including DFN and S-SSB time index should be indicated in SL-MIB.
2.4.3 Sidelink bandwidth part indication
In order to guarantee the consistent understanding on resource pools between Tx and Rx sides, 3-bit “sl-Bandwidth” field is transmitted through SL-MIB in LTE V2X. Similarly, Sidelink Bandwidth Part (SL-BWP) should also be indicated via SL-MIB in NR V2X. However, indicating the location and bandwidth of SL-BWP by RIV may require a large signalling overhead. For example,  bits are needed when the carrier bandwidth is 100 PRBs. Owing to some restrictions on SL-BWP, for example S-SSB should always be included in SL-BWP, there are some redundant RIVs, such as the RIV indicating a bandwidth smaller than S-SSB bandwidth. Therefore, it is possible to reduce the number of valid RIVs and represent them through a predefined SL-BWP table. Alternatively, the indication method for NR initial DL BWP can be reused. Each entry in the SL-BWP table associates with a bandwidth indicator and a location indicator expressed as the offset between the S-SSB and the current SL-BWP. Although this method may decrease the flexibility of SL-BWP configuration, a small number of SL-BWPs will be sufficient for NR V2X.
[bookmark: OLE_LINK10][bookmark: OLE_LINK21]Proposal 12: Discuss how to indicate SL-BWP through SL-MIB.
2.4.4 TDD-UL-DL indication
[bookmark: OLE_LINK9][bookmark: OLE_LINK18][bookmark: OLE_LINK27][bookmark: OLE_LINK29][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _GoBack]To protect cellular traffic, the determination of resource pools in the time domain relies on TDD-UL-DL configuration and therefore, 3-bit “tdd-ConfigSL” indicator is carried by SL-MIB in LTE V2X. While in NR, the TDD-UL-DL configuration is much more complicated and generally includes four types: cell-specific “tdd-UL-DL-ConfigurationCommon” in SIB1 and servingCellConfigCommon, UE-specific “tdd-UL-DL-ConfigurationDedicated” in servingCellConfig and dynamic SFI in DCI format 2_0. It has been agreed that the available symbols in a slot for sidelink are not dynamically indicated to the V2X UE, implying that dynamic SFI can be excluded in NR V2X. The former three types of TDD-UL-DL configuration should be considered to fully exploit UL resources for NR V2X. However, the PSBCH payload size is too small to carry all of them. Based on the agreement that PSBCH payload size is 56 bits including 24 bits of CRC for evaluation purpose and the others necessary fields listed in Table-2, up to 15 bits are left for TDD-UL-DL configurations. And based on current signalling framework (i.e., TDD-UL-DL-Pattern= periodicity + the number of DL slots + the number of DL symbols + the number of UL slots + the number of UL symbols), 15 bits are not enough to indicate single periodicity cell-specific TDD-UL-DL configuration when the periodicity is larger than 2 slots (see Appendix for details), not to mention double periodicity and UE-specific TDD-UL-DL configurations. Take an extreme example when 120kHz SCS is configured, the longest periodicity is 10ms=80 slots, then 25 bits are needed in total, which are far more than 15 bits. Therefore, how to carry TDD-UL-DL configuration in PC5 link needs further discussion. Some restrictions on TDD-UL-DL configurations are necessary if indicated in SL-MIB. Besides, SL-SIB or PC5 RRC could be alternatives. 
· 3 bits to indicate one periodicity from 8 candidate values {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms}, and
·  bits to indicate the number of DL slots, and
·  bits to indicate the number of DL symbols, and
·  bits to indicate the number of UL slots, and
·  bits to indicate the number of UL symbols 

Table-2, SL-MIB contents
	SL-MIB contents
	bits
	Notes

	sl-BandwidthPart
	4
	Indicate the length of SL-BWP and the offset between S-SSB and SL-BWP similar as initial DL BWP in NR

	directFrameNumber
	10
	[0,1023]

	S-SSB index
	3
	Up to 8 S-SSBs within one period. 

	TDD-UL-DL 
	[<=15]
	

	Priority info[inCoverage]
	0
	Indicated by SLSSIDs or PSBCH DMRS


[bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK26][bookmark: OLE_LINK15]Observation 2: Even for single periodicity cell-specific TDD-UL-DL configuration, up to 25 bits are needed and they cannot be carried by SL-MIB due to the limited payload size.
Proposal 13: Discuss how to indicate the TDD-UL-DL configuration, including “tdd-UL-DL-ConfigurationCommon” and “tdd-UL-DL-ConfigurationDedicated” in PC5 link. 

3. Conclusion
In the document, some considerations on S-SSB structure, transmission and reception of S-SSB, PSBCH and SL-MIB contents are provided, and following conclusions are proposed:
Proposal 1: Support a unified S-SSB structure for both normal CP and extended CP.
Proposal 2: RAN1 should discuss multiplexing S-SSB and other sidelink channels.
Proposal 3: 672 SLSSIDs can be considered as the starting point for NR V2X S-SSB design.
Proposal 4: Multiple S-SSB transmission periodicities should be supported.
Proposal 5: The S-SSB periodicity should be an integer multiple of 20ms to align with TDD-UL-DL configuration.
Proposal 6: NR V2X should support both network-based and UE-based trigger methods for S-SSB transmission, and further discuss which level of RSRP measurements should be used.
Proposal 7: Whether it is up to UE implementation for falling back to S-SSB search from non-SLSS based synchronization should be clarified.
Proposal 8: Support PSBCH soft combination:
· Soft combining PSBCH across multiple S-SSB periods, FFS the relationship between combing cycle and S-SSB periodicity 
· Soft combining PSBCH using repetitive S-SSBs within one period, FFS whether it could be supported by UE implementation

Propose 9: Take PBCH-DMRS like structure as the baseline of PSBCH DMRS. FFS whether to support a reduced density of DMRS in the frequency domain.
Proposal 10: Indicating the “in coverage” via SLSSIDs or PSBCH DMRS should be discussed for sidelink synchronization.
Proposal 11: Timing information including DFN and S-SSB time index should be indicated in SL-MIB.
Proposal 12: Discuss how to indicate SL-BWP through SL-MIB.
Proposal 13: Discuss how to indicate the TDD-UL-DL configuration, including “tdd-UL-DL-ConfigurationCommon” and “tdd-UL-DL-ConfigurationDedicated” in PC5 link. 
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Appendix
· For 15kHz SCS: 2 bits for 4 candidate periodicities
	Periodicity
	DL slots
	DL symbols*
	UL slots
	UL symbols*
	total

	1ms1slot
	1bit
	4bits
	1bit
	4bits
	10bits

	2ms2slots
	2bits
	4bits
	2bits
	4bits
	12bits

	5ms5slots
	3bits
	4bits
	3bits
	4bits
	14bits

	10ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits


*Note: the number of DL/UL symbols is range from 0 to 13, therefore 4 bits are needed. 
· For 30kHz SCS: 3 bits for 6 candidate periodicities
	Periodicity
	DL slots
	DL symbols
	UL slots
	UL symbols
	total

	0.5ms1slot
	1bit
	4bits
	1bit
	4bits
	10bits

	1ms2slots
	2bits
	4bits
	2bits
	4bits
	12bits

	2ms4slots
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]3bits
	4bits
	3bits
	4bits
	14bits

	2.5ms5lsots
	3bits
	4bits
	3bits
	4bits
	14bits

	5ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits

	10ms20slots
	5bits
	4bits
	5bits
	4bits
	18bits



· For 60kHz SCS: 3 bits for 7 candidate periodicities
	Periodicity
	DL slots
	DL symbols
	UL slots
	UL symbols
	total

	0.5ms2slots
	2bits
	4bits
	2bits
	4bits
	12bits

	1ms4slots
	3bits
	4bits
	3bits
	4bits
	14bits

	1.25ms5lsots
	3bits
	4bits
	3bits
	4bits
	14bits

	2ms8slots
	4bits
	4bits
	4bits
	4bits
	16bits

	2.5ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits

	5ms20slots
	5bits
	4bits
	5bits
	4bits
	18bits

	10ms40slots
	6bits
	4bits
	6bits
	4bits
	20bits



· For 120kHz SCS: 3 bits for 8 candidate periodicities
	Periodicity
	DL slots
	DL symbols
	UL slots
	UL symbols
	total

	0.5ms4slots
	3bits
	4bits
	3bits
	4bits
	14bits

	0.625ms5lsots
	3bits
	4bits
	3bits
	4bits
	14bits

	1ms8slots
	4bits
	4bits
	4bits
	4bits
	16bits

	1.25ms10slots
	4bits
	4bits
	4bits
	4bits
	16bits

	2ms16slots
	5bits
	4bits
	5bits
	4bits
	18bits

	2.5ms20slots
	5bits
	4bits
	5bits
	4bits
	18bits

	5ms40slots
	6bits
	4bits
	6bits
	4bits
	20bits

	10ms80slots
	7bits
	4bits
	7bits
	4bits
	22bits



Cell-specific TDD-UL-DL configurations in NR
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