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1 Introduction
In this paper, we would like to discuss the NR SL transmit timing requirements. 
2 Discussion
In [3], we can see the following references can be used as synchronization source for NR V2X. 

· GNSS

· NR V2X UE

· gNB

· eNB

UE transmit timing error is defined by consider two factors. First thing is timing error by receiving bandwidth and second thing is margin by transmitting SCS. For example, current NR UE transmit timing error was defined as below Table based on the two factors.   
Table 7.1.2-1: Te Timing Error Limit (NR_Te)
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:
Tc is the basic timing unit defined in TS 38.211 



From the current NR UE transmit timing error, the timing error by receiving bandwidth and the margin by TxSCS can be analysed as Table2-1.

· Te = Timing error by receiving bandwidth(Te_byRxBW) + Margin by transmitting SCS(Margin_byTxSCS)

· Timing error by receiving bandwidth(Te_byRxBW) = 1/(NR_SSB_NRB)/2 

· Margin by transmitting SCS(Margin_byTxSCS) = Te - Te_byRxBW

Table 2-1. Analysis on NR Uplink UE transmit timing error
	Frequency Range
	SCS of SSB signals (KHz)
	SS/PBCH (MHz)(=NR_SSB_NRB)
	SCS of sidelink signals s(KHz)
	Te
	Te_byRxBW
(Ts)
	Margin_byTxSCS
(Ts)

	1
	15
	3.6
	15
	12*64*Tc
	4.267
	7.733

	
	
	
	30
	10*64*Tc
	
	5.733

	
	
	
	60
	10*64*Tc
	
	5.733

	
	30
	7.2
	15
	8*64*Tc
	2.133
	5.867

	
	
	
	30
	8*64*Tc
	
	5.867

	
	
	
	60
	7*64*Tc
	
	4.867

	2
	120
	28.8
	60
	3.5*64*Tc
	0.533
	2.967

	
	
	
	120
	3.5*64*Tc
	
	2.967

	
	240
	57.6
	60
	3*64*Tc
	0.266
	2.733

	
	
	
	120
	3*64*Tc
	
	2.733


Same principle can apply for UE SL transmit timing error.

For GNSS synchronization reference
Current commercial GNSS channel bandwidths are  15.345MHz, 12.5MHz and 11MHz. Regarding the smaller GNSS channel bandwidths, 1.396Ts is calculated as Timing error by receiving bandwidth(Te_byRxBW).

· Te_byRxBW = 1.396Ts

For margin by transmitting SCS, margin for SCS of 15kHz, 30kHz and 60kHz in NR SS/PBCH SCS of 30kHz can be used. Because channel bandwidth of NR SS/PBCH SCS of 30kHz is closer than other NR SS/PBCH SCS with that of GNSS channel bandwidth of 11MHz. For margin for SCS of 120kHz in NR SS/PBCH SCS of 30kHz, it can use the margin for SCS of 60kHz .

· Margin_byTxSCS
· 5.867 Ts for SCS of 15kHz, 30kHz

· 4.867 Ts for SCS of 60kHz, 120kHz

Table2-2 shows NR SL transmit timing error(Te) for GNSS synchronization reference which is summed Te_byRxBW and Margin_byTxSCS.

Table 2-2. NR SL UE transmit timing error for GNSS synchronization reference
	SCS of sidelink signals(KHz)
	Te_byRxBW(Ts)
	Margin_byTxSCS(Ts)
	Te(Ts, Tc)

	15
	1.396
	5.867
	(8Ts, 8*64*Tc)

	30
	
	5.867
	(8Ts, 8*64*Tc)

	60
	
	4.867
	(7Ts, 7*64*Tc)

	120
	
	4.867
	(7Ts, 7*64*Tc)


Another option can be 8Ts(8*64Tc) for all SCSs because timing error difference between SL SCSs is very small,.

Proposal 1: For NR SL transmit timing error when GNSS is synchronization reference, 
· Option1 : define Te in Table2-2 
· Option2 : define 8*64Tc for all NR SL Tx SCSs 
For NR V2X UE synchronization reference
RAN1 agreed 11RB for NR SL SS/PBCH. Timing error by receiving bandwidth(Te_byRxBW) can be calculated with 11RB for each SCS as follows.
· Te_byRxBW

· 7.758Ts for Rx SL SCS of 15kHz 

· 3.869Ts for Rx SL SCS of 30kHz

· 1.939Ts for Rx SL SCS of 60kHz

· 0.970Ts for Rx SL SCS of 120kHz

For Rx SL SCS of 15kHz, received bandwidth is 1.98MHz. Comparing LTE V2X SPBCH 6RB(1.08MHz), it is not big difference. Therefore, margin of LTE V2X SL transmit timing error can be reused for margin in NR SL Tx SCS of 15kHz. It can be addressed as 9.778Ts for case that SyncRef UE is synchronization reference. 
· Margin by transmitting LTE V2X SL = Te - Te_byRxBW = 24Ts - 14.222Ts = 9.778Ts

And, margins for NR SL Tx SCSs other than 15kHz can be recommended to use the followings regarding reasonable scale, 
· Margin_byTxSCS15kHz = 9.778Ts
· Margin_byTxSCS30kHz = Margin_byTxSCS15kHz - 1Ts = 8.778Ts

· Margin_byTxSCS60kHz = Margin_byTxSCS15kHz - 2Ts = 7.778Ts

· Margin_byTxSCS120kHz = Margin_byTxSCS60kHz = 7.778Ts

For Rx SL SCS of 30kHz, received bandwidth is 3.96MHz. Comparing NR UL UE transmit timing error, it is close to DL SCS of 15kHz(3.6MHz). Therefore, margin for NR DL SCS of 15kHz can be reused for NR SL Tx SCS of 15kHz, 30kHz and 60kHz respectively. For margin for NR SL Tx SCS of 120kHz, , it can use the margin for NR SL Tx SCS of 60kHz.

· Margin_byTxSCS15kHz = 7.733Ts

· Margin_byTxSCS30kHz = 5.733Ts

· Margin_byTxSCS60kHz = 5.733Ts

· Margin_byTxSCS120kHz = 5.7338Ts

For Rx SL SCS of 60kHz, received bandwidth is 7.92MHz. Comparing NR UL UE transmit timing error, it is close to DL SCS of 30kHz(7.2MHz). Therefore, margin for NR DL SCS of 30kHz can be reused for NR SL Tx SCS of 15kHz, 30kHz and 60kHz respectively. For margin for NR SL Tx SCS of 120kHz,  it can use the margin for NR SL Tx SCS of 60kHz.
· Margin_byTxSCS15kHz = 5.867Ts

· Margin_byTxSCS30kHz = 5.867Ts

· Margin_byTxSCS60kHz = 4.867Ts

· Margin_byTxSCS120kHz = 4.867Ts

For Rx SL SCS of 120kHz, received bandwidth is 15.84MHz. Comparing NR UL UE transmit timing error, it is inter-medium between DL SCS of 30kHz(7.2MHz) and DL SCS of 120kHz(28.8MHz). Regarding that, margin for NR SL Tx SCS of 15kHz, 30kHz and 60kHz can use 1Ts less than margin for NR DL SCS of 30kHz respectively. For margin for NR SL Tx SCS of 120kHz, , it can use the margin for NR SL Tx SCS of 60kHz.
· Margin_byTxSCS15kHz = 4.867Ts

· Margin_byTxSCS30kHz = 4.867Ts

· Margin_byTxSCS60kHz = 3.867Ts

· Margin_byTxSCS120kHz = 3.867Ts

Based on receiving bandwidth and the margin by Transmitting SCS, NR SL transmit timing error can be summarized as Table2-3 when NR UE is synchronization reference.
Table 2-3. NR SL UE transmit timing error for NR UE synchronization reference
	NR SyncRefUE SCS of SSSB/SPBCH (KHz)
	SCS of SL signals (kHz)
	Te_byRxBW (Ts)
	Margin_byTxSCS

(Ts)
	Te(Ts, Tc)

	15
	15
	7.758
	9.778
	(18Ts, 18*64*Tc)

	
	30
	
	8.778
	(17Ts, 17*64*Tc)

	
	60
	
	7.778
	(16Ts, 16*64*Tc)

	
	120
	
	7.778
	(16Ts, 16*64*Tc)

	30
	15
	3.869
	7.733
	(12Ts, 12*64*Tc)

	
	30
	
	5.733
	(10Ts, 10*64*Tc)

	
	60
	
	5.733
	(10Ts, 10*64*Tc)

	
	120
	
	5.733
	(10Ts, 10*64*Tc)

	60
	15
	1.939
	5.867
	(8Ts, 8*64*Tc)

	
	30
	
	5.867
	(8Ts, 8*64*Tc)

	
	60
	
	4.867
	(7Ts, 7*64*Tc)

	
	120
	
	4.867
	(7Ts, 7*64*Tc)

	120
	15
	0.970
	4.867
	(6Ts, 6*64*Tc)

	
	30
	
	4.867
	(6Ts, 6*64*Tc)

	
	60
	
	3.867
	(5Ts, 5*64*Tc)

	
	120
	
	3.867
	(5Ts, 5*64*Tc)


Proposal 2: For NR SL transmit timing error when NR UE(SyncRefUE) is synchronization reference, define Te in Table2-3.
For eNB synchronization reference
For NR SL transmit timing error when eNB is synchronization reference, related NR V2X scenarios should be defined in Rel-16. If defined, RAN4 need to define the related NR SL transmit timing error.

Proposal 3: Define NR SL transmit timing error for eNB synchronization reference if related NR V2X scenario is defined in Rel-16.
For gNB synchronization reference
For NR SL transmit timing error when gNB is synchronization reference, RAN4 should keep the requirements in the sent LS to Ran1 which is to reuse NR UE UL transmission timing error defined in Table 7.1.2-1 in TS38.133. However, it does not cover all SCS of NR V2X SL. Table2-4 shows the non-covered cases which are highlighted with yellow.
Table 2-4. Non-covered NR SL UE transmit timing error for gNB synchronization reference
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	
	120
	

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	
	
	120
	

	2
	120
	15
	

	
	
	30
	

	
	
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	15
	

	
	
	30
	

	
	
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:
Tc is the basic timing unit defined in TS 38.211 



For non-covered cases, we recommend to apply the followings regarding reasonable margin used in NR UE transmit timing error.
· Te

· 10*64*Tc  for SCS of SSB = 15kHz & SCS of SL = 120kHz
· 7*64*Tc  for SCS of SSB = 30kHz & SCS of SL = 120kHz

· 4.5*64*Tc  for SCS of SSB = 120kHz & SCS of SL = 15kHz/30kHz

· 4*64*Tc  for SCS of SSB = 240kHz & SCS of SL = 15kHz/30kHz
Regarding the recommended Timing error for non-covered cases, Table 2-5 shows NR SL UE transmit timing error for gNB synchronization reference.
Table 2-5. NR SL UE transmit timing error for gNB synchronization reference
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	
	120
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	
	
	120
	7*64*Tc

	2
	120
	15
	4.5*64*Tc

	
	
	30
	4.5*64*Tc

	
	
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	15
	4*64*Tc

	
	
	30
	4*64*Tc

	
	
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:
Tc is the basic timing unit defined in TS 38.211 



Proposal 4: For NR SL transmit timing error for gNB synchronization reference, define Te in Table2-5 if related NR V2X scenario is defined in Rel-16.

3 Conclusion 
In this contribution, we analyzed related synchronization references and NR SL transmit timing error based on NR V2X scenario[3]. Regarding NR V2X scenario, the following synchronization references are possible.

· GNSS

· NR V2X UE

· gNB

· eNB

For the synchronization references, we propose UE SL transmit timing error as follows.

Proposal 1: For NR SL transmit timing error when GNSS is synchronization reference, 

· Option1 : define Te in Table2-2 
· Option2 : define 8*64Tc for all NR SL Tx SCSs 
Proposal 2: For NR SL transmit timing error when NR UE(SyncRefUE) is synchronization reference, define Te in Table2-3.

Proposal 3: Define NR SL transmit timing error for eNB synchronization reference if related NR V2X scenario is defined in Rel-16.

Proposal 4: For NR SL transmit timing error for gNB synchronization reference, define Te in Table2-5 if related NR V2X scenario is defined in Rel-16.

Table 2-2. NR SL UE transmit timing error for GNSS synchronization reference
	SCS of sidelink signals(KHz)
	Te(Tc)

	15
	8*64*Tc

	30
	8*64*Tc

	60
	7*64*Tc

	120
	7*64*Tc


Table 2-3. NR SL UE transmit timing error for NR UE synchronization reference
	NR SyncRefUE SCS of SSSB/SPBCH (KHz)
	SCS of SL signals (kHz)
	Te(Tc)

	15
	15
	18*64*Tc

	
	30
	17*64*Tc

	
	60
	16*64*Tc

	
	120
	16*64*Tc

	30
	15
	12*64*Tc

	
	30
	10*64*Tc

	
	60
	10*64*Tc

	
	120
	10*64*Tc

	60
	15
	8*64*Tc

	
	30
	8*64*Tc

	
	60
	7*64*Tc

	
	120
	7*64*Tc

	120
	15
	6*64*Tc

	
	30
	6*64*Tc

	
	60
	5*64*Tc

	
	120
	5*64*Tc


Table 2-5. NR SL UE transmit timing error for gNB synchronization reference
	SCS of DL SSB signals (KHz)
	SCS of sidelink signals(KHz)
	Te(Tc)

	15
	15
	12*64*Tc

	
	30
	10*64*Tc

	
	60
	10*64*Tc

	
	120
	10*64*Tc

	30
	15
	8*64*Tc

	
	30
	8*64*Tc

	
	60
	7*64*Tc

	
	120
	7*64*Tc

	120
	15
	4.5*64*Tc

	
	30
	4.5*64*Tc

	
	60
	3.5*64*Tc

	
	120
	3.5*64*Tc

	240
	15
	4*64*Tc

	
	30
	4*64*Tc

	
	60
	3*64*Tc

	
	120
	3*64*Tc
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