
3GPP TSG RAN WG1 Ad-Hoc Meeting 1901 
R1-1900119
Taipei, 21st - 25th January 2019

Source:
vivo

Title:
NR sidelink synchronization mechanism
Agenda Item:
7.2.4.1.3
Document for:
Discussion and Decision
1. Introduction
Regarding the synchronization mechanism in NR V2X, the following agreements have been achieved [1]:

Agreements:
· Confirm the working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 ppm for the purpose of evaluation.  
Agreements:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 

Agreements:
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  

· FFS:  The actual transmission BW for S-SSB and sync raster

Agreements:
· For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  

· Alt1: 24 PRBs 

· Alt2: 20 PRBs  

· Other values are not precluded
Agreements:
· For the evaluation of S-PSS/S-SSS, the sequences and/or polynomials used in NR Uu PSS/SSS are used as the starting point of the NR V2X S-PSS/S-SSS design.

· Others are not precluded.

Agreements:
· The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,

· The length of S-PSS and S-SSS sequences

· If and how to distinguish from NR Uu PSS and SSS sequences

· The number of NR SL-SSID targeted in the design of NR V2X S-PSS/S-SSS 

· Use cases of NR SL-SSID should be addressed
Agreements:
· Using the below table as a starting point for evaluation assumptions for sidelink synchronization LLS.

· Detection probability of S-PSS/S-SSS

· Decoding BLER of PSBCH

· Check further offline regarding UE speeds (absolute vs. relative, including current channel model assumptions in the TR) ( on Friday, confirmed to be relative speed and thus, the speeds in the table below need to be doubled
· Discuss further offline payload size of PSBCH ( to revisit in the next RAN1 meeting. Companies to report the assumed payload size of PSBCH in their evaluations

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

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

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h (mandatory)
30km/h, 250 km/h (optional)
	3 km/h, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference

Scenario 2: effect of interference includes in the model
	Scenario 1: no interference



	Initial Frequency Offset


	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency

RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency


Agreements:
· The study of NR V2X synchronization includes synchronization based on S-SSB  

· The study also includes use of other sidelink signals/channels (e.g., other RSs in the SL, using PSSCH, using PSCCH, etc.) for the sidelink synchronization

2. Discussion

2.1. Consideration of S-SSB Structure 

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

· Components of S-SSB

RAN1 agreed that NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS), and are structured with PSBCH in a block format (S-SSB). In LTE, PSSS and SSSS are used to carry SLID to determine the sync source of the transmitting UE. Similar to LTE, the NR sidelink UE should be able to identify different sync sources by detecting S-SSB so that UE can find the optimal sync source quickly under various conditions. Moreover, as the PSBCH depends on coherent demodulation of DMRSs, DMRS must be a part of S-SSB. 
Proposal 1: S-PSS and S-SSS should be used to carry SLID and determine the type of the sync source.

Proposal 2: S-SSB should include DMRS for PSBCH demodulation.

· S-SSB duration
The NR S-SSB serves at least for the synchronization purpose by the sidelink synchronization signal and for minimal sidelink configuration information via sidelink broadcast channel, similar to that in LTE. However, there would be some differences between LTE and NR. Some NR specific features such as beamforming, aiming to ensure the coverage performance in high frequency and to achieve beamforming gain with concentrated power, would provide some benefits on supporting advanced sidelink use cases. In the case of deploying analog beamforming, it is essential to enable a quick beam sweeping of S-SSB, as the analog beamforming has the constraint of being formed only in one direction at a time. Therefore, unlike LTE where an entire subframe is assigned to sidelink synchronization signal/MIB, NR sidelink may use a mini-slot level S-SSB structure as the baseline.

For NR SSB pattern, RAN1 has introduced a nested resource pattern considering the concurrence of SSB and data with mixed numerologies. The nested pattern is beneficial to support the LTE-NR coexistence scenario, as it would help guarantee the properly CRS transmission regardless of NR SCS. However, it seems such motivation is not needed for NR sidelink.

Furthermore, the nested structure may lead to restrictions on mandating the transmission direction of the consecutive S-SSBs with a larger SCS, or requiring additional resources for AGC purpose during SSB reception, which is not favorable. Instead, the frame structure of sidelink can be further simplified. For instance, a unified S-SSB pattern which applies for the whole frequency ranges can be considered, instead of multiple candidate positions of S-SSB depending on SCS. 

Proposal 3: Support the mini-slot level S-SSB structure.

Proposal 4: Consider a unified S-SSB resource pattern that applies to different frequency ranges and SCSs.

· Multiplexing of the synchronization signal and PSBCH

In the NR downlink synchronization procedure, UE needs to do AGC tuning before synchronization signal detection. AGC tuning of NR SSS processing takes place on the received signal before SSS, i.e., PBCH. However, there is no extra symbol for NR PSS to perform AGC setting. If the channel condition fluctuates rapidly, the UE may mis-detect the first received PSS, in which case UE needs an additional NR SSB resource for synchronization purpose.
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Figure 1. Example for SSB for AGC purpose
In LTE sidelink, the first PSBCH is utilized for AGC tuning for S-PSS. The reason for AGC usage of PSBCH is that sidelink MIB has a relatively low code rate, which guarantees high reliability of sidelink MIB detection even if the first PSBCH symbol cannot be decoded correctly due to AGC processing. There is no need to require one additional synchronization signal transmission for AGC with the PSBCH fronted structure in LTE.
Similarly, the NR S-SSB can adopt the PSBCH fronted structure to avoid additional synchronization signaling and time overhead, implying that a TDM multiplexing between S-PSS/S-SSS and PSBCH would be preferred. However, there are some differences, most notably the number of S-PSS/S-SSS/PSBCH/RS, that should be further investigated in the following section.  
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Figure 2. Example of TDM based S-SSB
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Figure 3. Example of FDM based S-SSB

An example of S-SSB composition based on the TDM’ed S-PSS and S-SSS is shown in Figure 2. The TDM scheme provides the flexibility to transmit PSBCH with a separate beam and a different periodicity from S-PSS/S-SSS.

FDM design is beneficial for reducing beam-sweeping latency. However, to avoid using S-PSS for AGC, an additional symbol is required before S-PSS. Furthermore, the FDM scheme needs either two filters for PSBCH/S-PSS or advanced receiver to compensate the S-PSS timing performance degradation which is resulted from the interference from PSBCH. Last but not least, it makes power boosting of S-PSS transmission more difficult. Thus, compared with the TDM scheme, FDM multiplexing of S-PSS/S-SSS/PSBCH will complicate implementation and reduce resource efficiency.

Proposal 5: AGC and TX/RX switching periods should be taken into account when design S-SSB.

Proposal 6: From the perspective of delay and overhead, it is preferred to use the PSBCH before S-PSS to do AGC tuning.

Proposal 7: S-PSS/S-SSS and PSBCH should be TDM multiplexed.

· Waveform

In NR, CP-OFDM waveform is supported with non-contiguous frequency resource allocation and can be directly reused with high flexibility. We prefer using CP-OFDM for NR sidelink S-SSB.

Proposal 8: For the waveform of S-SSB, we prefer supporting CP-OFDM only.

· S-SSB periodicity

In NR, the network has the flexibility to adjust the number of S-SSB and S-SSB periodicity for different scenarios. For example, a more significant number of SSB with a short periodicity is to accelerate the initial access process while a smaller number of SSB with a long periodicity mainly aims for saving power. Same design philosophy can be adopted in NR sidelink. If NR sidelink needs to support multiple beam operation, then UE can perform beam sweeping in one of the resource pools, implying some resource pools can be deployed with sparse S-SSB transmission merely for synchronization or even without S-SSB. In this case, it would be better to let UE know how long it should wait for the S-SSB reception in each resource pool.

Proposal 9: A set of S-SSB periodicity values should be considered for better flexibility.
2.2. Discussion and evaluation on synchronization signal

In this section, we discuss the design of sidelink synchronization signal and the number of sidelink synchronization signal symbols.
· Sequence 

S-PSS is the first signal that a UE tries to set up sidelink service will search for. There is no prior knowledge about the frequency offset and timing offset at the S-PSS detection stage. Coarse initial frequency offset (IFO) compensation would be done by performing the S-PSS processing, after which S-SSS takes the role of doing finer frequency estimation and calibration together with S-PSS. Therefore, S-PSS should be detected with fewer sequence hypotheses and robust detection performance. 
According to earlier studies in NR R15, M sequence outperforms ZC sequence regarding suppressing sidelobes attributing to wrong time/frequency estimation. It has shown a sharp auto-correlation function and robust performance under greater IFO and higher terminal speed. Therefore, we consider reusing the primary M sequence of NR synchronization signal as the baseline for sidelink synchronization signal and evaluating the performance of NR synchronization signal sequence in higher frequency as below.
Table 1.Simulation assumption

	Carrier Frequency
	4 GHz, 6 GHz

	Channel Model
	TDL-A channel models 

	Subcarrier Spacing(s)
	30 kHz

	SNR Range
	> -6 dB

	UE Speed
	6 km/h, 240 km/h

	Delay Spread
	100ns

	PSBCH BW
	20RB

	Interference model
	Scenario 1: no interference

	Initial Frequency Offset


	Uniform distribution within [-5, 5] ppm of the nominal carrier frequency


Figure(a) and Figure(b) show the mis-detection rate of legacy synchronization signal sequence in 4 GHz and 6 GHz respectively. We can observe that the performance of 1-shot SLID detection slightly degrades due to higher IFO at 6 GHz but is still comparable to that of 4 GHz case irrespective of the UE velocity. The 1-shot SLID mis-detection rate in 6 GHz has only decreased by 3% compared to that of 4 GHz. Furthermore, as shown in Figure(a) and Figure(b), upon performing multi-shot combining with previous synchronization signal instances, better detection performance can be achieved, resulting in similar performance for different frequencies.

Figure(c) and Figure(d) provide the 1-shot broadcast channel detection performances. When the relative speed is 6km/h, the 1-shot PSBCH BLER in 6 GHz is only 3% higher than 4 GHz while the 1-shot PSBCH BER in 6 GHz is almost as good as 4 GHz. The performance trends of both frequencies basically remain unchanged even with a relative speed as fast as 240km/h. 
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	(a) SLID detection

6km/h
	(b) SLID detection

240km/h
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	(c) Broadcast channel 1-shot detection

6km/h
	(d) Broadcast channel 1-shot detection

240km/h


Proposal 10: NR synchronization signal can be considered as a baseline for NR sidelink.
· Number of PSS symbol
In LTE sidelink, two consecutive symbols are assigned to PSSS. The consecutive PSSS symbols help UE better calibrate the initial frequency offset by comparing two adjacent PSSS symbols, reducing the false detection probability of SSSS as well as relaxing the design requirement of sidelink synchronization signal sequences. 

The estimation precision of the LTE sidelink synchronization signal comes at the cost of higher overhead of synchronization signal symbols. The LTE-like design may be a less efficient way of providing low latency, especially in cases where analog beamforming is deployed. We evaluate the necessity of introducing more than one S-PSS symbol in S-SSB. The fundamental properties for synchronization signal including residual timing offset, SLID mis-detection rate, and PSBCH BER/BLER are verified one by one.

In the evaluation, the following two structures are considered for comparison:
1. Single S-PSS structure (NR SSB like structure): 4 symbols including single S-PSS, single S-SSS, and two PSBCH.
2. Two S-PSS S-SSB structure: 6 symbols including two adjacent S-PSSs, two adjacent S-SSSs, and two PSBCH.
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Figure 4. single S-PSS/ two S-PSS structure for evaluation
Besides, the following two potential implementations of S-PSS detection are also evaluated as references. 
1. Single searcher: using single hypothetical S-PSS detection process.
2. Multiple searchers: using multiple parallel synchronization signal processes based on a set of uniformly distributed S-PSS hypotheses in frequency domain.
With the implementation of single searcher, the received S-PSS signal is not detected more often than once per time interval as determined by the S-SSB periodicity. However, in the state-of-the-art implementation, multiple searchers are usually employed, in which case UE tries multiple parallel S-PSS detection attempts and then selects at least one out of them as the input of the subsequent S-SSS detection. In this section, we evaluate the SS performance with the single searcher and multiple search with the below simulation assumption. 
Table 2. Simulation assumption
	Carrier Frequency
	6 GHz

	Channel Model
	TDL-A channel models 

	Subcarrier Spacing(s)
	30 kHz

	SNR Range
	> -6 dB

	UE Speed
	6 km/h, 240 km/h

	DS
	100ns

	PSBCH BW
	20RB

	SS detection scheme
	Single searcher, 

multiple searchers (granularity: 6kHz )

	Interference model
	Scenario 1: no interference

	Initial Frequency Offset


	Uniform distribution within [-5, 5] ppm of the nominal carrier frequency


· Single searcher 
Figure(e) and Figure(f) show the SLID detection performance for NR SS sequence between 1 S-PSS symbol with 2 PSBCH symbols and 2 S-PSS symbols with 2 PSBCH symbols. Figure(g) and Figure(h) show the probability of the occurrence of the residual timing error. Figure(i), (j), (k), (l) provide the PSBCH performance. As for 1-shot SLID mis-detection rate and 1-shot timing error rate, two S-PSS symbols structure slightly reduce the error rate by about 5% when SNR=-6 dB. The additional S-PSS symbol also has minor improvement on the 1-shot decoding performance of PSBCH by reducing around 3% and 5% for PSBCH BER and PSBCH BLER respectively when SNR=-6 dB. One reason why the single S-PSS structure performs slightly worse than 2 S-PSS in PSBCH detection is the false timing offset estimation. It is clear that increased number of S-PSS symbols improve PSBCH detection performance slightly. However, the improvement is achieved at the expense of doubled synchronization signal symbols and higher transmission latency.
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	(e) SLID detection

6km/h
	(f) SLID detection

240km/h
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	(g) Timing error

6km/h
	(h) Timing error

240km/h
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	(i) Broadcast channel 1-shot detection

6km/h
	(j) Broadcast channel 1-shot detection

240km/h
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	(k) Broadcast channel 4-shot detection

6km/h
	(l) Broadcast channel 4-shot detection

240km/h


· multiple searchers

With the multiple searchers mechanism, the performances of both structures are improved obviously. Specifically, 1-shot PSBCH BER of single S-PSS structure at 6km/h falls to 10% while 1-shot PSBCH BLER was brought down to about 22%. It also shows a similar improvement in the 240km/h case. 

Figure(m) and Figure(n) reveal that in some conditions, e.g., at SNR>-4 dB, single S-PSS structure is slightly worse than two S-PSS structure but overall both structures are now much closer in PSBCH performance. 

Based on the below simulation result, we conclude that the performance improvement made by increasing synchronization signal symbols is not significant, some practical implementations such as multiple searchers can narrow or eliminate the performance gap between the two structures. Therefore, we do not see any necessity to assign more than one S-PSS symbol in an S-SSB.
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	(m) Broadcast channel 4-shot detection

6km/h
	(n) Broadcast channel 4-shot detection

240km/h


Proposal 11: S-SSB contains one S-PSS symbol and one S-SSS symbol.
· Number of PSBCH symbol

The number of symbols for PSBCH is related to the NR sidelink PSBCH payload size. Generally, in order to maintain a roughly low effective code rate, the number of resource blocks assigned to PSBCH increases along with NR sidelink PSBCH payload size.

In Table 3, we summarize the coder rate of current broadcast channel for LTE, LTE V2X and NR.

Table 3. Code rate of legacy design
	
	Payload
(including CRC)
	symbol*RB*SC*density
	MCS
	Code rate

	LTE PBCH
	40bits
(including 16-bit CRC)
	2*6*12+2*6*12*2/3=240 RE
	QPSK
	40/2/480=0.0833

	LTE PSBCH V2X
	64bits
(including 16-bit CRC)
	6*6*12*1=432 RE 
	QPSK
	64/2/432=0.0741

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


In LTE sidelink, 64 bits including 16-bit CRC are carried by PSBCH. 6 symbols of a subframe are used for PSBCH transmission. Each PSBCH symbol spans 6 RB in frequency domain, thereby maintaining a code rate = 64/(6*6*12)=64/432/2=0.0741, lower than LTE PBCH. It is desirable that the code rate of NR sidelink PSBCH is not greater than 0.0741 to maintain a similar coverage performance. The code rate of NR PBCH can be considered for reference.

	MasterInformationBlock-SL-V2X-r14 :: =

SEQUENCE {


sl-Bandwidth-r14




ENUMERATED {n6, n15, n25, n50, n75, n100},--3 BIT

tdd-ConfigSL-r14




TDD-ConfigSL-r12, --3 BIT

directFrameNumber-r14



BIT STRING (SIZE (10)), --10 BIT

directSubframeNumber-r14


INTEGER (0..9), --4 BIT

inCoverage-r14





BOOLEAN, --1 BIT


reserved-r14





BIT STRING (SIZE (27)) --27 BIT

}


In LTE sidelink PSBCH, 14 bits are used for providing timing information while 3-bit sl-Bandwidth is carried to provide bandwidth flexibility. High flexibility is an important design target in NR to support various sidelink use cases. It is natural that more than 14 bits are required for timing and bandwidth configuration. The 3-bit tdd-ConfigSL is used to indicate the TDD structure applied by the eNB (or pre-configuration) and help the receiving UE to derive the time resource distribution of the resource pool of the transmitting UE. Since dozens of bits are required to support dynamic TDD structure, the design of the corresponding indicator in NR sidelink will be costly. Consequently, it seems the PSBCH payload in NR may be increased significantly.
Having saying that, it is too early to go into details on the PSBCH payload design. In this early stage, it is sufficient to use the current payload as an assumption for now. If the PSBCH bandwidth is 20RB, and if 64-bit payload size is considered as the baseline, it consumes three symbols (DMRS density=1/4) or four symbols (DMRS density=1/3) to achieve the same code rate as NR MIB. If 56-bit is considered, then it requires three symbols (DMRS density=1/4, 1/3).

Proposal 12: At least 3 PSBCH symbols are needed for S-SSB.
· SLID number

According to previous RAN1 meetings, one remaining issue is the number of SLID. As the SLID number is tightly coupled with synchronization source types, we discuss the synchronization source design first.
GNSS, gNB, NR V2X UE and eNB can be used as synchronization sources. Generally, there is no need to differentiate between gNB and eNB, and it would be better to place them in the same category. Therefore, similar to LTE sidelink, synchronization sources of NR sidelink can be divided into three categories: base station, GNSS and sync reference UEs. The rules of synchronization source selection defined in LTE would be sufficient for NR sidelink. 
Multiple types of sync reference UE have been defined in LTE sidelink, specific sync resources or SLID candidates are assigned to each separate reference UE type. Having the predefined rules for SLID determination, UE can identify the position of the transmitting UE in the synchronization chain by detecting the synchronization signal and sidelink MIB. For example, if an in-coverage UE1 is directly synchronized to GNSS, it uses either resource 1 or resource 2, and the SLID from eNB for broadcasting its timing information. If an out-of-coverage UE2 selects UE1 as its source, it inherits the SLID of UE1 but toggles the 1-bit in-coverage to 0. The follower of UE2, e.g., UE3, should use the SLID+168. Such a scheme is a little complicated and may be simplified. In NR, actually, it seems that there is no need to differentiate UE2 and UE3 as they both are out of coverage and the timing they obtained indirectly from the base station is anyway not that accurate. We think the UE types can be defined as below based on their synchronization source:
· Type 1: In-coverage UE who use the timing of GNSS
· Type 2: Out-of-coverage UE who use the timing of GNSS
· Type 3: In-coverage UE who use the timing of the base station
· Type 4: Other out-of-coverage UE
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Figure 5. Example of synchronization chain of LTE V2X

As for type 1 or type 2 UE, given that the timing of them would be quite close, a small number of resources and SLID candidates would be enough. To be more specific, the timing of type 1 UE is handled by aligning the transmission timing to GNSS, such that type 1 UEs who are close to each other is possible to communicate even without synchronization signal. A receiving UE may receive a superimposed synchronization signal from multiple type 1 UEs that are sharing the same resource and SLID, and it will regard the superimposed synchronization signals as a single one and use the cumulative energy on the resource for further assessment during the selection of sync source if needed.

In addition to using the DL timing, type 3 UE can also obtain some guidance from the base station, such as sync resource and SLID carried by sidelink SIB or RRC. Considering that different base stations may use different timing, the number of SLID candidates for type 3 UE should be large enough to differentiate base stations. Otherwise, the performance of margin UEs would degrade a lot, as the time shifts between received synchronization signals from different timing sources result in phase rotation that may significantly impact the cross-correlation property of sync sequence. In the NR downlink, the design of up to 1008 PCI ID assuming a coexistence of up to 336 gNB considering the traditional three-sector deployment. Then, this assumption can also be reused in sidelink. Therefore, we think at least 336 different SLIDs should be supported. 

As for type 4 UE, we take the high-density platooning as an example. The high-density platooning is a case where vehicles are driving very close to each other, e.g., keeping an inter-vehicle distance around 1 meter. When the platoon moves at 250 km/h in Autobahn scenario, the minimal communication range is required to be [5] sec * (maximum relative speed [m/s]) = 694 m. Assuming that a truck spans 15 m, then each platoon consists of up to 697/(15+1) = 21 trucks. Additionally, TR 22.886[2] has claimed that:

	[CPR.P-001]
The 3GPP system shall be able to support up to 5 UEs for a group of UEs supporting V2X application.

[CPR.P-002]
For Vehicle Platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications.


An example of the estimate is for US Freeway scenario that does not include arterial roads (i.e., onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = around 3100 to 4300 cars per square kilometer. The standard lane width is 3.5 m, and the width of 10 lanes would be 35 m. Therefore, the number of platoons exist within a communication range in the US highway scenario can range from 0.694*0.35*4100/21 = 48 to 0.694*0.35*4100/5 = 200. As it is claimed that the platoons must have their own synced timing and sidelink data needs to reach all participants of the platoon within 10 ms [3], each platoon should have its own SLID, which means 48~200 SLIDs are required. However, it would be hard to avoid SLID collision if only 200 SLIDs are available, as the out of coverage UE may select a SLID randomly. In LTE, two extra cyclic shifts of ZC sequence are used for sidelink, and 168 SLIDs are supported to keep a low confliction rate for out of coverage UE while another 168 SLIDs are used to avoid eNB collision. Considering that SLID confusion is more severe in NR, we think more SLIDs are needed to mitigate the collision and avoid complicated inter-platoon negotiation. For example, type 4 UEs can be assigned with the same number of SLIDs as type 3 UEs.

Based on the above discussion, at least 336*2 SLIDs are required. As the M-sequence based signals inherently have low cross-correlation function that guarantees the correct detection of S-PSS, one straightforward way to generate these sequences for sidelink is to utilize additional cyclic shifts of PSS and 336 SSS. 
Proposal 13: At least 672 SLIDs are needed.

2.3. Enhancement for sync procedure

While reusing the LTE synchronization source selection mechanism, some optimizations can also be considered. As RAN1 has discussed before, the LTE V2X UE always needs to read the 1-bit in-coverage indicator of MIB-V2X to determine the sync source of the received signal. The in-coverage indicator is to indicate whether the UE is in base station coverage or not. For purposes of simplicity, this duty can be reassigned to SLID in NR. 
As is shown in Figure 5, UE1 represents the UEs who use the gNB as its direct sync source while the UE3 use UE2 as its direct sync source. As we mentioned above, we do not think there is a need to assign different SLIDs to UE2 and its followers UE3, since they are both out of coverage and do not have accurate timing from the gNB. Therefore, a UE can identify the priority group of the received signal without reading V2X-MIB. It needs to decode V2X-MIB for timing information only after determining its direct sync source through SLID.
Proposal 14: Reuse LTE synchronization source selection mechanism for NR sidelink with proper simplicities, which are as follows:

· gNB and eNB are treated with same priority during the determination of sync source
· Avoid reading MIB when selecting sync source
2.4. Beam operation of S-SSB
Since licensed spectrum is also under consideration for NR sidelink transmission according to the SID, and beam-sweeping has been enabled for broadcast signaling in NR for coverage enhancement. In the following section, we will discuss problems that we may encounter if we do or do not apply beam-sweeping for S-SSB transmission.

· When applying S-SSB based beam operation

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

1. How to identify S-SSB from different UEs

In downlink, a cell can be uniquely identified by its PCI in a local region. The PCI confusion can be avoided by proper network deployment so that UE can determine the PCI of the detected cell by decoding PSS+SSS without ambiguity. However, a sidelink UE cannot be identified by the SLID, as the UE keeps moving thus hard to avoid collision of SLID among UEs. One possible solution to mitigate this SLID ambiguity is to select SLID based on UE’s group ID or service type. Some coordination and negotiation are also necessary between neighboring UE groups. However, as a UE may join and leave a group frequently, especially in the case of high-speed, and its service status changes from time to time, the SLID would be frequently changed to match the Group identity/service status. It would be complicated and inefficient to handle such rapid SLID changes. Also, UE is still impossible to avoid SLID collision without sufficient time for SLID negotiation. 
While determining beam operation, the accuracy of measurement relies on whether the receiving UE can distinguish signals from different transmitting UEs. Therefore, this SLID ambiguity may have negative impacts on the beam operation procedure. One way to eliminate the impact of this ambiguity is to associate UE ID and S-SSB so that the receiver can identify the transmitter after S-SSB decoding. Considering that PSBCH payload is limited compared with the UE ID (e.g., L2 ID or application ID), it is not appropriate to carry all UE ID information in the S-SSB. Further considerations on how to deliver UE ID through S-SSB is needed.

2. How to derive/maintain beam pair

If multiple beam operation is supported in NR sidelink, the UE has to acquire the beam pair related information for efficient transmission/reception. Otherwise, it has to monitor the potential monitoring/transmission occasions all the time even some of these occasions are intended for the opposite direction. In NR, acquisition of association between SSB and RO plays a vital role in beam training. With the SSB-RO mapping, the NW knows when an RA attempt from device served by a specific DL beam may occur, and UE can establish a suitable TX-RX beam pair at an early stage. It would be natural to use S-SSB to serve the same purposes of helping UE  acquire suitable TX/RX beam for the subsequent communication in NR sidelink. 

Proposal 15: If multiple beam operation is supported for S-SSB, the following issues need to be addressed:
· How to identify S-SSB from different UEs
· How to derive beam pair from the detected S-SSB

· When not applying S-SSB based beam operation

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

1. How to perform beam measurement and identify transmitting UE

Considering UE movements and the changes of the radio environment, measurements for capturing the actual quality of different TX beams are critical for beam management and specified in NR. The resources by which beam-specific measurement can be carried out include either CSI-RS or SSB in NR downlink. 

In NR sidelink, if S-SSB only serves the purpose of synchronization as LTE, another RS is needed to take the responsibility of distinguishing different transmitting UEs. The CSI-RS is highly flexible and configurable, which can be used only if a connection is established. In order to identify a target UE at least for connection setup, it seems an additional RS is inevitably needed for multi-beam operation. 

2. Whether there is a must for S-SSB to provide information for RS of beam operation

If the additional RS for multi-beam operation is introduced, S-SSB needs to provide its association with the additional RS for beam operation in order to help the receiving UE to identify the RS for the transmitting UE. In this case, if two UEs use the same sync resource to transmit S-SSB, there is a risk that the receiving UE can be confused with the association between the S-SSB and the additional RS since UE is not able to tell the differences between these SSB instances. In other words, the receiving UE cannot identify different transmitting UE by detecting the additional RS.

Alternatively, S-SSB conveys timing information only, and UE has to detect the additional RS for beam pairing blindly. However, this will have a negative impact on processing complexity and energy consumption.

Proposal 16: If S-SSB only serves to acquire timing information, additional RS for beam measurement and identification of transmitting UE, should be mandatorily supported.

Proposal 17: If multiple beam operation is not supported for S-SSB, the following issues need to be addressed:
· Study other RS or signal that can be used for identifying different transmitting UEs
· Study other RS or signal that can be used for beam measurement
· Study the performance and complexity of introducing other RS for beam operation

Proposal 18: If multiple beam operation is not supported for S-SSB, study the information conveyed by S-SSB:

· S-SSB carries all essential information for timing

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

3. Conclusion

In this contribution, we discuss potential physical layer design for NR sidelink synchronization mechanism and have the following proposals:

Proposal 1: S-PSS and S-SSS should be used to carry SLID and determine the type of the sync source.
Proposal 2: S-SSB should include DMRS for PSBCH demodulation. 
Proposal 3: Support the mini-slot level S-SSB structure.
Proposal 4: Consider a unified S-SSB resource pattern that applies to different frequency ranges and SCSs.
Proposal 5: AGC and TX/RX switching periods should be taken into account when design S-SSB.
Proposal 6: From the perspective of delay and overhead, it is preferred to use the PSBCH before S-PSS to do AGC tuning.
Proposal 7: S-PSS/S-SSS and PSBCH should be TDM multiplexed.
Proposal 8: For the waveform of S-SSB, we prefer supporting CP-OFDM only.
Proposal 9: A set of S-SSB periodicity values should be considered for better flexibility.
Proposal 10: NR synchronization signal can be considered as a baseline for NR sidelink.
Proposal 11: S-SSB contains one S-PSS symbol and one S-SSS symbol.
Proposal 12: At least 3 PSBCH symbols are needed for S-SSB.
Proposal 13: At least 672 SLIDs are needed.
Proposal 14: Reuse LTE synchronization source selection mechanism for NR sidelink with proper simplicities, which are as follows:
Proposal 15: If multiple beam operation is supported for S-SSB, the following issues need to be addressed:
· How to identify S-SSB from different UEs
· How to derive beam pair from the detected S-SSB 
Proposal 16: If S-SSB only serves to acquire timing information, additional RS for beam measurement and identification of transmitting UE, should be mandatorily supported.
Proposal 17: If multiple beam operation is not supported for S-SSB, the following issues need to be addressed:
· Study other RS or signal that can be used for identifying different transmitting UEs
· Study other RS or signal that can be used for beam measurement
· Study the performance and complexity of introducing other RS for beam operation

Proposal 18: If multiple beam operation is not supported for S-SSB, study the information conveyed by S-SSB:
· S-SSB carries all essential information for timing

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