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Introduction
In last RAN4 meeting, the sidelink timing requirements were discussed for NR V2X and a way forward was agreed in [1]. In this contribution, we provide the discussion on UE sidelink transmit timing requirements for NR V2X based on the following aspects.
· Methodology used for deriving the NR V2X SL Tx timing error requirement
· NR V2X SL Tx timing error
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For NR V2X, UE performs sidelink transmission based on the reference timing of synchronization source. UE shall be capable of tracking the reference timing and maintain the NR sidelink transmit timing error between the UE and the reference timing within a limitation (Te). The sidelink transmit timing error depends on the UE capability of estimating the reference timing.
In RAN1, the following agreements have been achieved on sidelink synchronization mechanism:
	Agreements in RAN1 #96
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	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. 



Agreements in RAN1 #96bis
· RAN1 will consider the design of NR SLSS where 
· S-PSS of LTE and NR candidates have similar PAPR.
· S-SSS of LTE and NR candidates have similar PAPR.
· SLSS design should take into consideration PAPR difference between S-PSS and S-SSS.
· 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.



The sidelink synchronization source for NR V2X can be GNSS, gNB, eNB and NR UE.
· GNSS as synchronization source
When GNSS is prioritized and GNSS is selected as synchronization source, then UE is targeted to receive sidelink signals from the UEs also synchronized to GNSS. The UE sidelink timing error requirements for GNSS as synchronization reference has been discussed. For GNSS as synchronization reference, the UE derives the reference timing based on GNSS signals. The UE capability of detecting GNSS signals is independent of sidelink communications. Then, the timing error requirements for GNSS as synchronization reference need not to be SCS-specifically definitions. In LTE, the timing error for GNSS as synchronization reference is limited with +/-12Ts (=0.4us). In NR, the larger SCS will be used for sidelink communications and will be more sensitive to timing accuracy. RAN4 shall study whether the LTE timing error requirements can be reused in NR.


Figure 1: Example for GNSS as synchronization reference
As shown in figure 1, both UE1 and UE2 are synchronized to GNSS, the timing errors for estimating GNSS timing are assumed as Te1 and Te2 for UE1 and UE2 respectively. The propagation delay between UE1 and UE2 is assumed as Tprop. When UE2 receives the sidelink signals from UE1, the timing difference between the reference timing and the reception timing includes the UE timing errors and the propagation delay, which equals to (Te1+ Te2+ Tprop).
According to TS22.186, the required sidelink communication range is from 50 meters to 1000 meters and is specifically defined for different services. Table 1 provides the corresponding propagation delay for different communication range.
Table 1: Propagation delay for several communication ranges
	Communication Range
	50m
	100m
	300m
	500m
	1000m

	Propagation delay
	0.17us
	0.33us
	1us
	1.67us
	3.3us


For FR1, the sidelink communication range could be supported more than 500 meters, and the corresponding propagation delay will be more than 1.67us. The propagation delay occupies the most part of the timing difference between the reference timing and the reception timing. The enhanced timing error requirements would not reduce the timing difference obviously. So, the timing error limitation for GNSS as reference timing could be defined as 12Ts.
For FR2, usually the sidelink communication range would be smaller than FR1 and might be within 100 meters. The corresponding propagation delay will be within 0.33us. In FR2, 60 kHz and 120 kHz SCS are supported, and the corresponding CP lengths are 1.17us and 0.58us respectively. Due to smaller communication range and shorter CP length, the timing error requirements for GNSS in LTE and need to be enhanced in FR2.
Proposal 1: For GNSS as synchronization source, the UE timing error requirements for GNSS in LTE can be reused for NR V2X sidelink transmission in FR1.
Proposal 2: For GNSS as synchronization source, the UE timing error requirements for GNSS in LTE need to be enhanced for NR V2X sidelink transmission in FR2.

· gNB as synchronization source
When UE selects a gNB as synchronization source, the downlink timing of the gNB will be used as the reference timing for NR sidelink transmission. The existing timing error requirements for NR Uu transmission can be reused for NR V2X sidelink transmission. In TS38.133, the timing error requirements for NR Uu are defined as Table 7.1.2-1.
Table 7.1.2-1: Te Timing Error Limit (in TS38.133)
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals (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


For Uu-based transmission, the timing error requirements depend on both SSB SCS and uplink SCS. The higher SCS uplink transmissions require a little stricter timing accuracy. Similarly, the higher SCS sidelink transmissions also require a little stricter timing accuracy. 
Proposal 3: For gNB as synchronization source, the UE timing error requirements for NR V2X sidelink transmission can reuse the existing timing error requirements for NR Uu transmission, which can be defined as Table 2.
Table 2: Timing Error Limit (Te) for gNB as Synchronization source
	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

	
	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



· eNB as synchronization source
When UE selects an eNB as synchronization source, the downlink timing of the eNB will be used as the reference timing for NR sidelink transmission. The timing error requirements for LTE Uu depends on the downlink BW, which is defined as Table 7.1.2-1 in TS38.133.
Table 7.1.2-1: Te Timing Error Limit (in TS36.133)
	Downlink Bandwidth (MHz)
	Te

	1.4
	24*TS

	≥3
	12*TS

	Note:	TS is the basic timing unit defined in TS 36.211


If the existing timing error requirements for LTE Uu is reused for NR V2X sidelink transmission, then the value of Te defined for eNB would be larger than that defined for eNB. For LTE Uu, the UE could provide a better capability of estimating the downlink timing with a larger downlink BW. When the downlink BW is 5 MHz, the timing error can be limited within 6Ts. When the downlink BW equals to 10 MHz or larger, the timing error can be limited within 3Ts.
Proposal 4: For eNB as synchronization source, the UE timing error requirements for NR V2X sidelink transmission can be defined as Table 3.
Table 3: Timing Error Limit (Te) for eNB as Synchronization source
	Downlink Bandwidth (MHz)
	Te

	1.4
	24*TS

	3
	12*TS

	5
	6*TS

	≥10
	3*TS

	Note:	TS is the basic timing unit defined in TS 36.211



· NR UE as synchronization source
When UE selects a NR UE as synchronization source, the sidelink timing of the NR syncRef UE will be used as the reference timing for NR sidelink transmission. The UE can perform reference time tracking based the S-SSB signals. According to RAN1’s agreements, the bandwidth of S-SSB for NR V2X is 11 RBs, and S-SSB has the same SCS as data. The S-SSB SCS could be 15kHz/30kHz/60kHz in FR1 and 60kHz/120kHz in FR2. The generation of S-PSS and S-SSS sequences for S-SSB is same as that for SSB. The UE time tracking performance based on S-SSB signals could be similar to the time tracking performance based on SSB signals. So, the timing error limitation for NR Uu can be utilized to derive the timing error requirements for NR SyncRef UE. 
The timing error requirements for NR SyncRef UE could also rely on S-SSB SCS and sidelink data SCS. Since the same SCS is used for S-SSB and sidelink data, the timing error requirements for NR SyncRef UE can be defined according to the S-SSB SCS. Based on the timing error requirements for NR Uu, the Te for NR SyncRef UE can be defined as 12Ts, 8Ts and 3.5Ts respectively for SCS=15kHz, SCS=30kHz, and SCS=120kHz. The value of Te for SCS=60kHz shall be better than that for SCS=30kHz and would be worse than SCS=120kHz. The value of Te for SCS=60kHz could be defined as 6Ts, then the ratio of Te to CP length is summarized as Table 4.
Table 4: Ratio of Te to CP length for NR SyncRef UE
	Parameters
	Values

	SCS of S-SSB
	15kHz
	30kHz
	60kHz
	120kHz

	CP length
	144Ts
	72Ts
	36Ts
	18Ts

	Te
	12Ts
(=1/12 CP)
	8Ts
(=1/9 CP)
	6Ts
(=1/6 CP)
	3.5Ts
(≈1/5 CP)


Hence, the timing error requirements for NR UE as synchronization source can be defined as Table 6.
Table 5: Timing Error Limit (Te) for NR UE as Synchronization source
	Frequency Range
	SCS of S-SSB signals (KHz)
	Te

	1
	15
	12*64*Tc

	
	30
	8*64*Tc

	
	60
	6*64*Tc

	2
	60
	6*64*Tc

	
	120
	3.5*64*Tc

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


Proposal 5: For NR UE as synchronization source, the UE timing error requirements for NR V2X sidelink transmission can be defined as Table 5.

Conclusions
This contribution provides our analysis on UE sidelink transmit timing requirements for NR V2X. The following are provided:
Proposal 1: For GNSS as synchronization source, the UE timing error requirements for GNSS in LTE can be reused for NR V2X sidelink transmission in FR1.
Proposal 2: For GNSS as synchronization source, the UE timing error requirements for GNSS in LTE need to be enhanced for NR V2X sidelink transmission in FR2.
Proposal 3: For gNB as synchronization source, the UE timing error requirements for NR V2X sidelink transmission can reuse the existing timing error requirements for NR Uu transmission, which can be defined as Table 2.
Table 2: Timing Error Limit (Te) for gNB as Synchronization source
	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

	
	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


Proposal 4: For eNB as synchronization source, the UE timing error requirements for NR V2X sidelink transmission can be defined as Table 3.
Table 3: Timing Error Limit (Te) for eNB as Synchronization source
	Downlink Bandwidth (MHz)
	Te

	1.4
	24*TS

	3
	12*TS

	5
	6*TS

	≥10
	3*TS

	Note:	TS is the basic timing unit defined in TS 36.211


Proposal 5: For NR UE as synchronization source, the UE timing error requirements for NR V2X sidelink transmission can be defined as Table 5.
Table 5: Timing Error Limit (Te) for NR UE as Synchronization source
	Frequency Range
	SCS of S-SSB signals (KHz)
	Te

	1
	15
	12*64*Tc

	
	30
	8*64*Tc

	
	60
	6*64*Tc

	2
	60
	6*64*Tc

	
	120
	3.5*64*Tc

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