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1 Introduction

In this contribution, we propose preliminary simulation results of synchronization of NR SLSS for SyncRef UE selection/reselection requirement and reply on a transient period is necessary or not from RAN1[2].

2 Discussion
RAN4 should address NR V2X requirement of SyncRef UE selection/reselection and RAN4 need to decide whether a transient period is necessary or not according to LS from RAN1. So, for both, we provide preliminary simulation results using simulation assumption [1] based on the agreed parameters in the last meeting. 
· Carrier Frequency : 5.9GHz

· SCS : 15kHz, 30kHz and 60kHz for FR1

· Propagation Condition : AWGN, TDL- C with 30ns-1400Hz, TDL- C with 100ns- 300Hz
· Simulated SLSS ID combination : SynRefUE1 = (336+224), SynRefUE2 = 112

For information, we captured RAN1 agreements and LS.

	RAN1 #96bis meeting
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.
RAN1 #97 meeting
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

· S-PSS detection search window: 80ms and 160ms.
Agreements
· The following parameters are assumed for evaluation:

o    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

o    Transient period is

  10us for FR1; 5us for FR2

  Waveform puncturing during the transient period
o    S-PSS detection search window: 80ms and 160ms

         At least for evaluation, one S-SSB transmission with at least the following periodicity:

o    160ms period at least for 15kHz SCS.

o  FFS other value(s)

RAN1 #98 meeting
Agreements:

· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.

Agreements:

· NR S-SSB structure for NCP is as follows:
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· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6

Send LS to RAN4 with the above agreements, and add:

· It is up to RAN4 to decide whether a transient period is necessary or not. If so, to address the transient period, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol.
· 160ms is supported as the S-SSB periodicity for all SCS.

· The number of S-SSB transmissions within one S-SSB period is (pre)configurable

For FR1:

· For 15kHz SCS, {1, [2]}

· For 30kHz SCS, {1, 2, [4]}

· For 60kHz SCS, {1, 2, 4, [8]}

For FR2:

· For 60kHz SCS, {1, 2, 4, 8, 16, 32}

· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}


For LS, we consider RAN1 evaluation parameters which are highlighted with yellow colour. 

o    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
o    Transient period is 10us for FR1

  - Waveform puncturing during the transient period
Regarding it, we simulated 3 cases in Figure 2. Performance metric is 90th percentile acquisition time for “correct” syncRef UE detection.
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Figure 2: 3 cases of SLSS 

· Case1 : MPR values: S-PSS = 0 dB, S-SSS = 3 dB with symbol location of [S-PSS/S-PSS/PSBCH/S-SSS/S-SSS]
· Transient period applies to PSBCH symbol
· Case2 : MPR values: S-PSS = 3 dB, S-SSS = 3 dB with symbol location of [S-PSS/S-PSS/S-SSS/S-SSS]

· Transient period does not apply
· Case3 : MPR values: S-PSS = 0 dB, S-SSS = 3 dB with symbol location of [S-PSS/S-PSS/S-SSS/S-SSS]

· Transient period applies to 1st S-SSS symbol
2.1 Preliminary Simulation Results
AWGN

Figure2.1 shows 90th percentile acquisition time for 3cases with SCS of 15kHz, 30kHz and 60kHz in AWGN.
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Figure 2-1: 90th percentile acquisition time of SLSS in AWGN 
TDLC30ns-1400Hz
Figure2.2 shows 90th percentile acquisition time for 3cases with SCS of 15kHz, 30kHz and 60kHz in TDLC30ns-1400Hz. 

 [image: image4.png]Detection Proballty

Detection Proballty

Detection Proballty

>

2

s

Detection Time(SINR=80B) [SCS=15kHZ]

Detection Time(SINR=80B) [SCS=30kHZ]

Detection Time(SINR=80B) [SCS=60kHZ]

>

2

s

—Caset —Caset —Caset
- Case2 o5 - Case2 o5 - Case2
| Cases =) | Cases =) | Cases

3 3

g g

S 06 S 06

& &

5 5

504 204

£ £

3 3

Soz Soz
0 0

1 35 4 5 6 7 8 9 10 1 3 4 5 6 7 8 8 10 1 35 4 5 6 7 8 9 1
Detection Time(Nx160ms) Detection Time(Nx160ms) Detection Time(Nx160ms)
Detection Time(SINR=-7dB) [SCS=15kHZ] Detection Time(SINR=-7dB) [SCS=30kHZ] Detection Time(SINR=-7dB) [SCS=60kHZ]

1 1

08 08

5 5

g g

S 06 S 06

& &

5 5

504 204

£ £

3 3

So2 So2
0 0

35 4 5 6 7 8 9 10 1 3 4 5 6 7 8 8 10 1 35 4 5 6 7 8 9 1
Detection Time(Nx160ms) Detection Time(Nx160ms) Detection Time(Nx160ms)
Detection Time(SINR=64B) [SCS=15kHZ] Detection Time(SINR=60B) [SCS=30kHZ] Detection Time(SINR=60B) [SCS=60kHZ]

1 1

08

5 5

g g

S 06 S 06

& &

5 5

504 204

£ £

3 3

Soz Soz

3 4 5 6 7 8 9 1
Detection Time(Nx160ms)

3 4 5 6 7 8 9 1
Detection Time(Nx160ms)

3 4 5 6 7 8 9 1
Detection Time(Nx160ms)




Figure 2-2: 90th percentile acquisition time of SLSS in TDLC30ns-1400Hz 
TDLC100ns-300Hz
Figure2.3 shows 90th percentile acquisition time for 3cases with SCS of 15kHz, 30kHz and 60kHz in TDLC100ns-300Hz. 
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Figure 2-3: 90th percentile acquisition time of SLSS in TDLC100ns-300Hz 
Table2.1 shows summary of the all 90th percentile acquisition times.

Table 2-1: summary of the all 90th percentile acquisition times
	
	15kHz
	30kHz
	60kHz

	
	Case1
	Case2
	Case3
	Case1
	Case2
	Case3
	Case1
	Case2
	Case3

	AWGN
	-8dB
	1
	1
	1
	1
	1
	1
	1
	1
	1

	TDLC30ns-1400Hz
	-8dB
	2
	3
	3
	2
	3
	3
	2
	3
	4

	
	-7dB
	2
	2
	2
	2
	2
	3
	2
	3
	3

	
	-6dB
	2
	2
	2
	2
	2
	3
	2
	2
	2

	TDLC100ns-300Hz
	-8dB
	3
	3
	2
	3
	4
	5
	6
	8
	8

	
	-7dB
	2
	2
	2
	3
	3
	3
	4
	5
	8

	
	-6dB
	2
	2
	2
	2
	2
	3
	3
	4
	5


From the table, observations for 90th percentile acquisition time are as follows.

Observation 1: For SCS of 60kHz, case1 is better than other cases at SINR of -8dB and -7dB in TDLC30ns-1400Hz and at SINR of-8dB ,-7dB and -6dB in  TDLC100ns-300Hz and 
Observation 2: For SCS of 30kHz, case1 is better than other cases at SINR of -8dB in both TDLC30ns-1400Hz and TDLC100ns-300Hz.

Observation 3: For SCS of 15kHz, case1 is better than other cases at SINR of -8dB in TDLC30ns-1400Hz.

Observation 4: With case1(option1), at least taking 3 times of SLSS period can meet detection probability of 90% at SINR of -6dB.
Based on the observations, our proposals are
Proposal 1: RAN4 propose option1 with 1symbol shift between 2nd S-PSS and 1st S-SSS as NR V2X S-SSB design regarding transient period in aspect of SLSS acquisition time.

Proposal 2: Send reply LS to RAN1 after RF session conclusion on MPR and transient period. 
Proposal 3: Define 4 times of NR SLSS period for NR SLSS detection time in FR1 same as LTE-V2X.

3 Conclusion

In this paper, we provided preliminary simulation results for synchronization of NR SLSS and NR SLSS structure. Based on the simulation results, our observations and proposals are as follows.
Observation 1: For SCS of 60kHz, case1 is better than other cases at SINR of -8dB and -7dB in TDLC30ns-1400Hz and at SINR of-8dB ,-7dB and -6dB in  TDLC100ns-300Hz and 

Observation 2: For SCS of 30kHz, case1 is better than other cases at SINR of -8dB in both TDLC30ns-1400Hz and TDLC100ns-300Hz.

Observation 3: For SCS of 15kHz, case1 is better than other cases at SINR of -8dB in TDLC30ns-1400Hz.

Observation 4: With case1(option1), at least taking 3 times of SLSS period can meet detection probability of 90% at SINR of -6dB.

Proposal 1: RAN4 propose option1 with 1symbol shift between 2nd S-PSS and 1st S-SSS as NR V2X S-SSB design regarding transient period in aspect of SLSS acquisition time.

Proposal 2: Send reply LS to RAN1 after RF session conclusion on MPR and transient period. 

Proposal 3: Define 4 times of NR SLSS period for NR SLSS detection time in FR1 same as LTE-V2X.
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