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Introduction
In RAN1#97, the following agreements were achieved on NR V2X Sidelink synchronization mechanism [1]:
Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS

Agreements:
The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
FFS (aim to conclude this week – see below)
· The power difference between S-PSS and S-SSS symbols.
· The transient duration.

Agreements:
The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms

Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

Agreements:
At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)



This contribution discusses sidelink synchronization mechanism in NR V2X with the evaluation results. Section 2 discusses and evaluates the design of sidelink synchronization signals, S-SSB structure, PSBCH contents, synchronization priorities and RS-based synchronization.  Section 3 summarizes the proposals with conclusions.

Discussion
This section discusses and evaluates the design of sidelink synchronization signals, S-SSB structure, PSBCH contents, synchronization priorities and RS-based synchronization. 
Sidelink synchronization signals
In this section, sidelink synchronization signals are discussed. In section 2.1.1, sequence generation of S-PSS and S-SSS is given. And in section 2.1.2, MPR and transient period issue of S-PSS and S-SSS is analyzed. 

Sequence generation of S-PSS and S-SSS
From RAN1#96bis [2], length-127 M-sequences should be used for S-PSS and length-127 Gold sequences for S-SSS in NR V2X. The sequence types of NR V2X S-PSS/S-SSS are the same as that of NR DL-PSS/DL-SSS, so sequence generation schemes of NR DL-PSS and DL-SSS should be the starting point of NR V2X SLSS, and S-PSS/S-SSS should reuse the existing methods of sequence generation of DL-PSS/DL-SSS as much as possible to minimize standardization efforts.
Considering the characteristics of M-sequence, it is suggested that S-PSS uses the same polynomial and initial values as that of DL-PSS to generate sequences with different cyclic shifts, so that S-PSS and DL-PSS can maintain low correlation with each other. Similar to that in the LTE Sidelink design, S-PSS requires two hypotheses to differential the S-PSS transmitted from in-coverage and out-of-coverage synchronization sources.  It is essential to introduce two cyclic shifts for the generation of two new S-PSS sequences.
For S-SSS sequence generation, S-SSS can directly reuse DL-SSS sequences with the same polynomials, initial values and cyclic shifts as that of DL-SSS. If RAN1 decides to introduce 336 NR SL-SSIDs, which keep the same as LTE V2X sidelink, then the number of S-SSS sequences should be 168 (two PSS hypotheses, each corresponding to 168 S-SSS IDs, totally 336 SL-SSIDs). Compared to the number of NR DL-SSS (672), the total number of S-SSS IDs can be reduced to 336. The reduction of S-SSS hypothesis can reduce the detection complexity of S-SSS.

Proposal 1: Sequence generation schemes of NR DL-PSS and DL-SSS should be the starting point of NR V2X SLSS for keeping low correlation with DL-SS.
· S-PSS uses the same polynomial and the same initial values, but different cyclic shifts with DL-PSS
· S-SSS reuses the sequences of DL-SSS

MPR and transient period issue of S-PSS and S-SSS
In RAN1#97 meeting, it is agreed that the SSID detection probability performance should be evaluated for having or not having a transient period and with different setting of power difference between S-PSS and S-SSS symbols, as shown in the four cases in Table 1 below.
Table 1: Four Cases for different setting of MPR and transient period
	Case
	Two S-PSS and Two S-SSS
	MPR for S-PSS
	MPR for S-SSS
	Transient period

	1
	Adjacent
	3 dB
	3 dB
	N/A

	2
	Adjacent
	0 dB
	3 dB
	10 us in S-SSS

	3
	Not Adjacent
	3 dB
	3 dB
	N/A

	4
	Not Adjacent
	0 dB
	3 dB
	10 us in PSBCH


Performance comparisons of SL-SSID detection performance between different setting of MPR and Transient period with SCS 15 KHz and 30 KHz at 6Kmph and 240Kmph are given in Figure 1. 
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                        a) SCS: 15 KHz; UE relative speed: 6Kmph                               b) SCS: 15 KHz; UE relative speed: 240Kmph
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                        c) SCS: 30 KHz; UE relative speed: 6Kmph                               d) SCS: 30 KHz; UE relative speed: 240Kmph

Figure 1: Comparison of detection performance between different setting of MPR and Transient period
 (Initial frequency error = ±5ppm, Carrier frequency = 6GHz)

From above simulation results:
· Case-4/Case-2 outperforms Case-1/Case-3 for SL-SSID detection performance in both low-speed scenario and high-speed scenario
· Case-4 outperforms Case-2 for SL-SSID detection performance, especially in high-speed scenario.
It can be observed that Case-4 has about 0.6 dB performance gain compared to Case-1/Case-3 for 15KHz SCS and 0.8 dB gain for 30KHz SCS at both low speed (6Kmph) and high speed (240Kmph) scenario. The performance gains of Case-4 over Case-1/Case-3 mainly come from the better detection performance of S-PSS due to the lack of MPR of S-PSS symbols. At high speed (240Kmph) scenario, Case-4 also outperforms Case-2 with about 0.8dB performance gains for 30KHz SCS. The performance gains of Case-4 over Case-2 mainly come from the better detection performance of S-SSS due to the lack of waveform puncturing of S-SSS symbols. 
The reason why the performance gain of 30KHz SCS case is greater than 15KHz SCS case is that the length of the OFDM symbol of 30KHz SCS is shorter than that of 15KHz SCS, and the 10us puncturing will correspond to more samples in puncturing for S-SSS in 30KHz SCS case than 15KHz SCS case, which has a greater impact on detection performance of S-SSS for 30KHz SCS, as shown in the Table 2. Therefore, the effect of 10us waveform puncturing on fraction of S-SSS symbols for 30KHz SCS will be greater than that of 15KHz SCS, as the OFDM symbol duration of 30KHz SCS is only half of that of 15KHz SCS.

Table 2: The punctured proportion of one OFDM Symbol corresponding to 10us
	Subcarrier Spacing
	The punctured proportion of one OFDM Symbol corresponding to 10us

	15 KHz
	0.14 * length of one OFDM Symbol

	30 KHz
	0.28 * length of one OFDM Symbol



In section 2.2.3, the impacts of PSBCH waveform puncturing on PSBCH detection performance are evaluated. The evaluation results in Figure 5 show that 10us PSBCH waveform puncturing has slightly effect on PSBCH detection performance. Therefore, we should try to make the two S-PSS symbols not adjacent to the two S-SSS symbols, so that the transient period of 10us can fall into PSBCH symbol instead of S-SSS symbol. In this way, PSBCH performance will slightly degrade in exchange for S-SSS performance improvement. 
Observation 1: 3dB MPR for S-PSS will degrade the SL-SSID detection performance in both low-speed and high-speed scenarios. 
Observation 2: 10us Transient period for S-SSS will degrade the SL-SSID detection performance, especially in high-speed or larger SCS scenarios.
Based on the observations, we proposed:
Proposal 2:  Power difference due to MPR for S-PSS and S-SSS symbols should be configured, e.g., MPR for S-PSS is 0dB and MPR for S-SSS is 3dB.
Proposal 3: Two S-PSS symbols and two S-SSS symbols should be not adjacent as 10us transient period for S-SSS will degrade the SL-SSID detection performance in high-speed or larger SCS scenarios.

S-SSB structure
In this section, S-SSB structure is analyzed with evaluation results. In section 2.2.1, Unified S-SSB pattern for normal CP and extended CP is proposed. In section 2.2.2, one kind of DMRS-free S-SSB pattern is proposed with performance evaluation. In section 2.2.3, the decoding performance impact on PSBCH of waveform puncturing is addressed and analyzed with simulation results. S-SSB repetition for improving the detection performance of S-SSB further analyzed in section 2.2.4.

Unified S-SSB pattern for normal CP and extended CP
In RAN1#96bis [2], S-SSB bandwidth is 11RBs.  Length-127 M-sequences is used for S-PSS and length-127 Gold sequences for S-SSS.  Two OFDM symbols are used for transmission of both S-PSS and S-SSS.
LTE can be only configured with 15 KHz SCS.  LTE V2X only supports normal CP to meet the coverage requirements.  However, NR V2X supports larger SCS, including 30 KHz/60 KHz/120 KHz. In order to meet the coverage requirements, extended CP for 60KHz SCS are agreed for NR as well as NR V2X for both FR1 and FR2, as shown in Table 3.

Table 3: Agreed types of CP and SCS for FR1 and FR2
	Frequency range
	Normal CP
	Extended CP

	FR1
	15KHz, 30KHz, 60KHz
	60KHz

	FR2
	60KHz, 120KHz
	60KHz



To reduce the detection complexity, a unified S-SSB pattern should be designed for both normal CP and extended CP. Considering that AGC-RS and GP each occupy one OFDM symbol in one slot, S-SSB can occupy up to 10 OFDM symbols. Since S-PSS and S-SSS occupy two symbols respectively, PSBCH can occupy up to six symbols in one S-SSB. And PSBCH can occupy up to seven symbols if one symbol of PSBCH is located in the beginning of the slot for AGC tuning. In order to reduce detection complexity and support symbol-level detection, two S-PSS symbols should be continuous, but for the reason that supporting better performance of frequency offset estimation, two S-SSS symbols should be separated.
In LTE V2X, the payload size of PSBCH is 64 bits (including 16 bits CRC), in which 6 RB with 6 OFDM symbols are used for PSBCH transmission. The coding rate is 0.074 for PSBCH in LTE V2X. For the evaluation of PSBCH performance as agreed in RAN1#96bis, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC. As the bandwidth of S-SSB had been agreed to be 11RBs, if 3 symbols are used for PSBCH transmission, the coding rate is 0.094 for PSBCH of NR V2X (with the DMRS density being 1/4). And if 4 symbols are used for PSBCH, the coding rate is 0.071. Therefore, in order to ensure coding rate of NR V2X PSBCH is no more than LTE V2X PSBCH, at least 4 OFDM symbols are needed for PSBCH transmission.
Figure 2 shows the proposed S-SSB pattern for both normal CP and extended CP. The S-SSB pattern occupies 10 OFDM symbols, two S-PSS symbols are contiguous at the symbols #1 and #2; two S-SSS symbols are distributed at symbols #5 and #8; and PSBCH occupies six symbols. Figure 2a and 2b show the S-SSB pattern for the case of normal CP and extended CP, respectively.
In the case of normal CP as shown in Figure 2a, there are two symbols (marked as PSXCH) are left for the other transmission expect S-SSB, such as PSSCH or PSFCH.
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a) Normal CP
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b) Extended CP

Figure 2: Proposed S-SSB pattern for Normal CP and Extended CP

Proposal 4: A unified S-SSB pattern should be supported for both normal CP and extended CP.
Proposal 5: The two S-SSS symbols in one S-SSB should be distributed and embedded within PSBCH for better performance of frequency offset estimation.
Proposal 6: In the case of 11RB bandwidth, PSBCH with 56 bits payload size should occupy at least four symbols to ensure its coding rate is no more than LTE V2X PSBCH. 

DMRS-free S-SSB pattern
NR SSB occupies 20 RBs in frequency domain, 4 symbols in time domain. PBCH in SSB occupies three symbols, which DMRS is interleaved and in place for SSS with relatively smaller BW for channel estimation in assisting channel compensation for PBCH demodulation.  For NR V2X S-SSB, length-127 SLSS sequences are proposed. The design of the S-SSB is extended to the whole minimum sidelink system BW, which occupies 11 RBs in frequency domain to accommodate length-127 SLSS sequences. PSBCH occupies six symbols in the S-SSB with potential DMRS used for demodulation as shown in Figure 3a, option-A. 
To reduce the overhead and complexity, we propose DMRS-free S-SSB pattern. As shown in Figures 3b, option-B does not include any DMRS. Two sequences of S-SSS are used for front end processing (time and frequency offset estimation) and channel estimation in assisting channel compensation for PSBCH demodulation. 
The advantages of DMRS-free pattern include:
· Simple design and  the complexity reduction of PSBCH demodulation;
· Using all REs for PSBCH in achieving lower coding rate for PSBCH and better performance.
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a) S-SSB pattern Option-A
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b) S-SSB pattern Option-B

Figure 3: Candidate options of S-SSB pattern

The performance evaluation of the S-SSB patterns with DMRS in Figure 3(a) and without DMRS in Figure 3(b) for 15 KHz and 30 KHz SCS with 1/2/4-shot soft combining and demodulation at low-speed and high-speed scenarios are shown in Figure 4. And the effect of 10us waveform puncturing on PSBCH is also evaluated in Figure 4. It can be observed that option-B has obvious performance gain compared to option-A, especially for 4-shots case. For 30KHz SCS 4-shots cases, option-B has more than 1dB performance gains compared to option-A at both low-speed and high-speed scenarios. The performance gains of option-B mainly come from the lower coding rate of PSBCH due to the absent of DMRS symbols, and more frequency resources can be used for PSBCH. 
It should be noted that the effect of 10us waveform puncturing on PSBCH for 30KHz SCS will be greater than that of 15KHz SCS, as one OFDM symbol duration of 30KHz SCS is only half of that of 15KHz SCS.
Observation 3: The proposed DMRS-free S-SSB pattern can provide about 1.5 dB performance gain in most scenarios.
Proposal 7: DMRS-free S-SSB pattern can be considered as it can provide better performance with lower complexity for demodulation.
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a) SCS=15 KHz and UE relative speed=6Kmph                       b) SCS=15 KHz and UE relative speed=240Kmph
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c) SCS=30 KHz and UE relative speed=6Kmph                        d) SCS=30 KHz and UE relative speed=240Kmph

Figure 4: Comparison of PSBCH performance among Option-A/B of S-SSB structure

Impact of waveform puncturing on performance of PSBCH
In order to evaluate the effect of PSBCH with fractional puncturing on the performance of PSBCH, we simulated the performance degradation of option-B S-SSB pattern with 4-shots under different setting of puncturing lengths at low-speed and high-speed scenarios, including both 15KHz SCS and 30KHz SCS cases. Table 4 shows the AGC Setting time and transient period at 15KHz and 30KHz SCS cases. Table 5 shows the punctured proportion of one OFDM Symbol corresponding to AGC Setting time and transient period at 15KHz and 30KHz SCS cases.
From the simulation results of Figure 5, it can be seen that 10us puncturing of PSBCH for transient period has little influence on the detection performance of PSBCH under low speed and high speed at 15KHz and 30KHz SCS cases, which corresponding to the curves of puncturing 0.14*Symbol (15KHz SCS) and 0.28*Symbol (30KHz SCS) in Figure 5. If the first symbol of one slot is mapped to PSBCH for AGC purpose, both AGC setting time and transient period will map to PSBCH and should be punctured.  The total number of punctured PSBCH symbols will be more than the case of only 10us transient period is punctured in PSBCH, and performance degradation will be more obvious, as shown in the curves of puncturing 0.64*Symbol (15KHz SCS) and 1.28*Symbol (30KHz SCS) in Figure 5.

Table 4: The AGC Setting time and Transient period for 15KHz and 30KHz SCS
	SCS
	The length of one OFDM Symbol
	AGC Setting time
	Transient period

	15KHz
	71us
	35us
	10us

	30KHz
	36us
	35us
	10us



Table 5: The punctured proportion of one OFDM Symbol corresponding to AGC Setting time and transient period
	SCS
	Number of punctured PSBCH Symbol for AGC Setting time
	Number of punctured PSBCH Symbol for Transient period
	Total number of punctured PSBCH Symbols

	15KHz
	0.5
	0.14
	0.64

	30KHz
	1
	0.28
	1.28
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a) SCS=15 KHz and UE relative speed=6Kmph                       b) SCS=15 KHz and UE relative speed=240Kmph
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c) SCS=30 KHz and UE relative speed=6Kmph                        d) SCS=30 KHz and UE relative speed=240Kmph

Figure 5: Comparison of PSBCH performance for different length of PSBCH puncturing for Option-B

S-SSB repetition
According to the agreements in RAN1#95 [4], periodic transmission of S-SSB in NR V2X is supported, and FFS whether one/more S-SSB is transmitted in a period. And according to 5G V2X WID [5], no beam management is supported in NR sidelink design. Moreover, PSBCH decoding from single S-SSB cannot achieve the 1% target BLER at -6dB SNR according to the simulation results in Figure 5 and feature lead summary of NR V2X synchronization mechanism [6]. 
In order to enlarge the coverage range of S-SSB and maintain the transmission flexibility of S-SSB, S-SSB repetition within one period should be supported for NR V2X sidelink. The number of S-SSB repetitions within one period should be configurable. For the example of the communication scenario with extended synchronization signal coverage, two or four S-SSBs are transmitted in one period and the combining of the repeated S-SSBs will bring over 3dB performance gain comparing to without repetition. For the scenarios without extended coverage, only one S-SSB is transmitted in one period. The slot reserved for transmitting S-SSB can be used to transmit data with low latency requirement. As shown in Figure 6, four S-SSB are transmitted in one period.
Proposal 8: S-SSB repetition in one period should be supported to extend the coverage range of S-SSB and maintain the transmission flexibility of S-SSB.
[bookmark: _GoBack][image: ]
Figure 6: S-SSB repetition in one period

PSBCH contents
In LTE V2X, the PSBCH contents include:
· System timing: direct Frame Number and direct Subframe Number
· TDD Configuration
· Sidelink Bandwidth
· In Coverage Indicator.

In 5G NR, the PBCH payload consists of MIB and the additional timing information. The NR PBCH contents can be classified into the following information:
· System timing: SFN, half radio frame
· TDD configuration
· [bookmark: OLE_LINK73][bookmark: OLE_LINK74]Initial access: subCarrierSpacingCommon, ssb-SubcarrierOffset, dmrs-TypeA-Position, pdcch-ConfigSIB1, MSB of the subcarrier offset between SSB and the common resource block grid (FR1) / SSB index(FR2)
· Cell related: cellBarred, intraFreqReselection.

System timing information should be included into the NR PSBCH for UE to derive the frame number and slot number. And in order to protect the data transmission of NR Uu users, the TDD UL-DL configuration needs to be transmitted to out-of-coverage UEs in PSBCH. However, the number of bits for TDD UL-DL configuration is so large that NR PSBCH cannot accommodate these bits. Therefore, how to reduce the number of bits for TDD configuration and include them into NR PSBCH needs to be further studied. The Slot Format Indicator (SFI) is an alternative solution and it is the subset of TDD UL-DL configuration. As SFI has limited bits with good indication of the potential TDD configuration, it can be transmitted to out-of-coverage UEs in PSBCH. 
In Coverage Indicator (InC) should be also informed to UE for selection of synchronization priorities. But InC can be implicitly carried by PSBCH DMRS implicitly instead of PSBCH contents explicitly. The merit of such implicit indication is that UE can obtain the information of synchronization priority before decoding PSBCH, so that reduce the complexity and the overhead of PSBCH.
Proposal 9: PSBCH for NR V2X should at least include system timing information and slot format indicator (SFI). 
Proposal 10: In Coverage Indicator can be carried by PSBCH DMRS implicitly instead of PSBCH contents explicitly. 

Synchronization priorities
According to the agreements in RAN1#96 [3], whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured. And the following Table 6 is agreed as working assumption:

Table 6: Working assumptions of synchronization priority order for NR V2X
	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. 



From the above Table 6, it is noted that gNB/eNB are not included into the GNSS-based synchronization priority order. For the GNSS-based synchronization, when the signal from GNSS is not available, gNB and eNB should have the chance to become the synchronization references, therefore, gNB and eNB should also be added into the priorities, as shown in the following Table 7. 
When there are two or more synchronization references of a same priority to be selected as the highest priority, such as gNB and eNB, the UE should select reference based on UE implementation, for example, SL-RSRP can be used as criteria to select the reference. 

Table 7: Proposed synchronization priority order for NR V2X
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· UE directly synchronized to gNB/eNB 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· UE indirectly synchronized to gNB/eNB 
· 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. 



Proposal 11: For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization. 
Proposal 12: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., SL-RSRP).
RS-based sidelink synchronization
According to 5G V2X WID [5], use of RS for sidelink synchronization should be studied if specification impact is identified. In our view, since RAN1 had specified S-SSB for sidelink synchronization, UE should do the synchronization based on S-SSB if the UE can receive the S-SSB from other UEs but is not in the coverage of network or cannot receive the signal of GNSS. RS-based sidelink synchronization should be a useful complement to SLSS-based synchronization.
If UE could have sidelink communication with other UEs, not only UE directly synchronized to GNSS but also UE directly synchronized to gNB/eNB should become the reference of RS-based synchronization. These synchronization references are reliable enough for the RS-based synchronization since the V2X communication is on-going. Therefore, we don’t identify any specification impact of RS-based sidelink synchronization.

Proposal 13: RS based synchronization can be supported by UE implementation without specification impact.
Conclusion
In this contribution, we discuss the design of sidelink synchronization signals, design of S-SSB structure, PSBCH contents, synchronization priorities and RS-based synchronization, and give the following observations and proposals:
Observation 1: 3dB MPR for S-PSS will degrade the SL-SSID detection performance in both low-speed and high-speed scenarios. 
Observation 2: 10us Transient period for S-SSS will degrade the SL-SSID detection performance, especially in high-speed or larger SCS scenarios.
Observation 3: The proposed DMRS-free S-SSB pattern can provide about 1.5 dB performance gain in most scenarios.
Proposal 1: Sequence generation schemes of NR DL-PSS and DL-SSS should be the starting point of NR V2X SLSS for keeping low correlation with DL-SS.
· S-PSS uses the same polynomial and the same initial values, but different cyclic shifts with DL-PSS
· S-SSS reuses the sequences of DL-SSS
Proposal 2:  Power difference due to MPR for S-PSS and S-SSS symbols should be configured, e.g., MPR for S-PSS is 0dB and MPR for S-SSS is 3dB.
Proposal 3: Two S-PSS symbols and two S-SSS symbols should be not adjacent as 10us transient period for S-SSS will degrade the SL-SSID detection performance in high-speed or larger SCS scenarios.
Proposal 4: A unified S-SSB pattern should be supported for both normal CP and extended CP.
Proposal 5: The two S-SSS symbols in one S-SSB should be distributed and embedded within PSBCH for better performance of frequency offset estimation.
Proposal 6: In the case of 11RB bandwidth, PSBCH with 56 bits payload size should occupy at least four symbols to ensure its coding rate is no more than LTE V2X PSBCH. 
Proposal 7: DMRS-free S-SSB pattern can be considered as it can provide better performance with lower complexity for demodulation.
Proposal 8: S-SSB repetition in one period should be supported to extend the coverage range of S-SSB and maintain the transmission flexibility of S-SSB.
Proposal 9: PSBCH for NR V2X should at least include system timing information and slot format indicator (SFI). 
Proposal 10: In Coverage Indicator can be carried by PSBCH DMRS implicitly instead of PSBCH contents explicitly. 
Proposal 11: For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization. 
Proposal 12: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on UE implementation (e.g., SL-RSRP).
Proposal 13: RS based synchronization can be supported by UE implementation without specification impact.
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Appendix: Simulation assumptions
Table 8 gives the link-level simulation assumptions for S-PSS/S-SSS detection performance in section 2.1.
Table 8: Link-level Simulation Assumptions for S-PSS/S-SSS detection performance 
	Parameters
	Below 6GHz

	Carrier Frequency
	6 GHz

	Channel Model
	V2X CDL channel model (Urban LOS)

	Antenna Configuration at the TX-UE and RX-UE
	(1,1,2) with Omni-directional antenna element

	Subcarrier Spacing(s)
	15kHz, 30KHz

	SNR Range
	> -6 dB

	UE relative speed
	6 km/h, 240 km/h

	Interference model
	Scenario 1: no interference

	S-PSS/S-SSS detection
	One-shot detection for joint S-PSS/S-SSS detection probability

	Initial Frequency Error
	Uniform distribution within [-5, 5] ppm of nominal carrier frequency



Table 9 gives the link-level simulation assumptions for PSBCH BLER performance in section 2.2.
Table 9: Link-level Simulation Assumptions for PSBCH BLER performance 
	Parameters
	Below 6GHz

	Carrier Frequency
	6 GHz

	Channel Model
	V2X CDL channel model (Urban LOS)

	Antenna Configuration at the TX-UE and RX-UE
	(1,1,2) with Omni-directional antenna element

	Subcarrier Spacing(s)
	15kHz, 30KHz

	UE relative speed
	6 km/h, 240 km/h

	Interference model
	Scenario 1: no interference

	Payload size
	56 bits

	Modulation
	QPSK

	Channel coding
	Polar coding

	Channel estimation
	L-MMSE

	Waveform Puncturing
	The first 10us of PSBCH is punctured in OFDM Symbols #3



image2.png
Impact of MPR and TP(Transient Period) for 15KHZSCS 240Krmph #5ppm FOE
09

085

075

085

055

Oneshot PSS/SSS joint detection probability

05

—&— [Case-183]: MPR(S-PSS)=3dB; MPR(S-555)=3d8
04547~ —b— [Case-2]: MPR(S-PSS)=0dB; MPR(S-555)=3dB; TP(S-555)=10us
—H— [Case-4]: MPR(S-PSS)=00B; MPR(S-555)=34B; TP(PSBCH)=10us
i T T T T
5 E E ] [
SNR





image3.png
Oneshot PSS/SSS joint detection probability

Impact of MPR and TP(Transient Period) for 30KHzSCS BKmph 45ppm FOE

09

09

085

075

085

08,

—&— [Case-183]: MPR(S-PSS)=3dB; MPR(S-555)=3d8
—p— [Case-2]: MPR(S-PSS)=0dB; MPR(S-555)=34B; TP(S-S55)=10us
—H— [Case-4]: MPR(S-PSS)=0B; MPR(S-555)=34B; TP(PSBCH)=10us

El 0

4 3
SNR





image4.png
Oneshot PSS/SSS joint detection probability

Impact of MPR and TP(Transient Period) for 30KHzSCS 240Kmph 45ppm FOE

09

085

075

085

o
0551, /] —o— [Case-183] MPR(S-PS: i
—b— [Case-2]: MPR(S-PSS)=0dB; MPR(S-555)
—E— [Case-4]: MPR(S-PS5)=dB; MPR(S-558
0§ L L L L L
£ 5 4 3 2 Kl [

SNR




image5.png
11RB

o>

- one S-SSB

6 7

TOX0nT

TOX0nT

12

13

J
One Slot





image6.png
one S-SSB

c|s|s|c|c|s|cC|C

S|S|H|H|S|H|H|S|H|H

11RB

9 10 11

8

One Slot




image7.png
one S-SSB

11RB  —

id
[Ceee—n 7]
id
[Ceee—n 7]
-

01 2 3 4 5 6 7 8 9

T
One Slot




image8.png
one S-SSB

11RB

One Slot




image9.png
PSBCH Performance for 11RB 15KHzSCS BKmph with 10us PSBCH Puncturing

PSBCH BLER

“| —e— 5-538B pattem option-A: 4-Shots
—6— 5558 pattem option-A: 2-Shots
—&— 5558 pattem option-A: 1-Shots
-+ 5558 pattem option-B: 4-Shots
-+ 5558 pattem option-B: 2-Shots
-+ 5558 patter option-B: 1-Shots





image10.png
PSBCH BLER

10

10

10

PSBCH Performance for 11RE 15KHzSCS 240Kmph with 10us PSECH Puncturing

~558 pattem optior-A: 4-Shots
—e— 5-55B pattem optior-A: 2-Shots
—&— 5558 pattem optior-A: 1-Shots
-+~ 5558 pattem option-B: 4-Shots
-+~ 5558 pattem option-B: 2-Shots
S8 pattem option-B:

SNR




image11.png
PSBCH BLER

10

10

PSBCH Performance for 11RB 30KHzSCS BKmph with 10us PSBCH Puncturing

—©— 5-558 pattem option-A: 4-Shots
—e— 5-55B pattem optior-A: 2-Shots
—&— 5558 pattem optior-A: 1-Shots
- 5558 pattem option-B: 4-Shots [
B+~ 5558 pattem option-B: 2-Shots
- 5-558 pattemn option-B: 1-Shots





image12.png
PSBCH BLER

10,

10

10

PSBCH Performance for 11RB 30KHzSCS 240Kmph with 10us PSBCH Puncturing

—e— 5-55B pattem optio-A: 4-Shots
—©— 5-558 pattem optior-A: 2-Shots
—&— 5-558 pattem optior-A: 1-Shots
-+~ 5558 pattem option-B: 4-Shots
-+~ 5558 pattem option-B: 2-Shots
- 5-558 pattem option-B: 1-Shots





image13.png
PSBCH BLER

10,

10

10

Impact of Puncturing on PSBCH Performance for 15KHzSCS 4-Shots BKmph

—&— No Puncturing
| —E— Puncturing 0.14*Symbol
=+~4+- Puncturing 0.64"Syrrbol
=<0~ Puncturing 2.00°Syrrbol

g i i

4 a3 EH]




image14.png
PSBCH BLER

Impact of Puncturing on PSBCH Performance for 15KHzSCS 4-Shots 240Kmph

—&— No Puncturing
| —E— Puncturing 0.14*Symbol |-
=+-+- Puncturing 0.64*Syrrbol
=<0+~ Puncturing 2.00°Syrrbol

100 i i i i i
4 a3 EH] Rl 0 E] El





image15.png
PSBCH BLER

10

10

10

Impact of Puncturing on PSBCH Performance for 30KHzSCS 4-Shats BKmph

—&— No Puncturing
—b— Puncturing 0.26"Syrmbol
4= Puncturing 1.26"Syrmbol
=<0+~ Puncturing 2.00"Syrrbol

a3

EH]




image16.png
PSBCHBLER

10

10

Impact of Puncturing on PSBCH Performance for 30KHzSCS 4-Shots 240Kmph

—&— No Puncturing [
| —P— Puncturing 0.26"Syrmbol |

4= Puncturing 1.26"Syrmbol |
=<0~ Puncturing 2.00"Syrbol

3 L L L L i
14 13 12 K -10 9 K





image17.png
Frequency

R1 R2 R3 R4 R1 R2 R3 R4

1st synchronization period | 2nd synchronization period

>Time




image1.png
Impact of MPR and TP(Transient Period) for 15KHzSCS BKmph 45ppm FOE

09

085

075}

Oneshot PSS/SSS joint detection probal

—e— [Case-183] MPR(S-PS:
—p— [Case-2]: MPR(S-PSS)=0dB; MPR(S-555)=34B; TP(S-S55)=10us
—H— [Case-4]: MPR(S-PSS)=00B; MPR(S-555)=34B; TP(PSBCH)=10us

El 0

5 5 4 3




