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1. Introduction
During RAN4#91 meeting, RRM requirement scope and SL timing error evaluation are discussed and a WF was agreed [1]. In this contribution, we discuss the evaluation methodology of SL timing error and the scope of NR V2X RRM requirements.
2. Discussion
Timing Error with GNSS Based Synchronization
Since the synchronization mechanism is the same for LTE and NR V2X, LTE Tx timing accuracy requirement for GNSS based synchronization requirement,12*Ts, is applicable for NR V2x, if 12*Ts timing error is below half CP length and does not have much performance impact. From Table 2‑1, we can observe that up to 60kHz SCS, the LTE requirement, 12*Ts, is below half CP length. Hence for SCS 60kHz and below, we can keep LTE requirement of 12Ts. 
For SCS above 60kHz, half CP length is larger than 12*Ts. However, the main contributor to timing error is propagation delay of the communication range of interest since there is no timing advance. Consider up to 1000m distance, the propagation delay is up to 3.33us. Tightening timing accuracy requirement for GNSS based synchronization, which is on the scale of dozens of ns, does not yield much improvement on overall timing accuracy. UE can opportunistically transmit with higher order modulation if UE sees small distance and timing error based on its estimation or inference from CSF or HARQ feedback, but in terms of requirement, 12*Ts should be applied to SCS above 60kHz.  
Observation 1: LTE requirement on Tx timing accuracy requirement of 12*Ts can be applied to all SCS options for GNSS based synchronization. 
	Subcarrier Spacing (KHz)
	15
	30
	60
	120

	Cyclic Prefix Duration (us)
	4.69(144Ts)
	2.34(72Ts)
	1.17(36Ts)
	0.57(18Ts)


Table 2‑1 CP length for different numerologies/SCS

Proposal 1: Set Tx timing accuracy requirement for GNSS based synchronization as 12*Ts for all SCS.
Timing Error with SLSS Based Synchronization

We expect NR SLSS based synchronization performance is close to NR UL timing error when the SSSB bandwidth is comparable to NR SSB bandwidth. RAN1 agreed to have 11 RBs for the SSSB on SLSS, about half of the bandwidth of SSB in NR DL, therefore SSSB bandwidth on SLSS with SCS 30kHz is close to NR DL SSB SCS 15kHz, SLSS SCS 60kHz is close to DL SCS 30kHz, and similarly for SCS 120kHz. SSSB bandwidth with 15kHz SCS is close to LTE SLSS synchronization signal bandwidth, hence the requirement should follow it. Table 2‑2 is similar to the proposal in [2], except a larger margin is added to Tx in FR1 while SSSB is in FR2. SCS in FR1 is much smaller than SCS in FR2, hence larger margin can be added to relax the requirement.
Observation 2: SLSS based synchronization Tx timing accuracy requirement can be derived by SSSB BW and NR UL timing error margin.

Observation 3: Larger margin can be added when UE synchronized to FR2 SSSB and transmit on FR1.

	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
	5.867
	(7Ts, 7*64*Tc)

	
	30
	
	5.867
	(7Ts, 7*64*Tc)

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

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


Table 2‑2 Timing error for SLSS as synchronization source
RAN1 agreement restricts NR SL communication in a carrier has only one combination of SCS and CP length. If single carrier is considered in NR V2X, SSB SCS is the same as SL SCS, and the above table can be simplified to
	NR SyncRefUE SCS of SSSB/SPBCH (KHz)
	SCS of SL signals (kHz)
	Te(Ts, Tc)

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

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

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

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


Table 2‑3 Timing error for SLSS as synchronization source when SL and SSB SCSs are aligned

Observation 4: Per RAN1 agreement, SSSB and SCS for SL transmission are with the same SCS if single carrier operation is considered.
Proposal 2: Tx Timing accuracy requirement when synchronization source is SLSS is set according to Table 2-3.
Timing Error with gNB/eNB Based Synchronization

When SL is synchronized to gNB or eNB, since SL and Uu are on different processing stacks, to pass timing information between stacks, additional timing error may incur. Moreover, SSB from gNB/eNB is on a different RF band than SL Rx band. UE is using DL timing from one band, to calibrate the transmission in another band with a different RF path.  This can also introduce additional timing error. Therefore, when gNB is the synchronization source, NR UL timing error requirement can be applied with additional margin to account for these additional timing error. We summarize our proposal for timing error with gNB based synchronization in the following table.
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	14*64*Tc

	
	
	30
	12*64*Tc

	
	
	60
	12*64*Tc

	
	
	120
	12*64*Tc

	
	30
	15
	10*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	9*64*Tc

	
	
	120
	9*64*Tc

	2
	120
	15
	5.5*64*Tc

	
	
	30
	5.5*64*Tc

	
	
	60
	5.5*64*Tc

	
	
	120
	5.5*64*Tc


Table 2‑4 Timing error for gNB as synchronization source
When eNB is the synchronization source, we derive the timing error requirement based on NR 15kHz SCS in the following table, based on NR SCS 15kHz case with additional margin as gNB as synchronization source case.
	SCS of SL Tx (KHz)
	Te

	15
	14*64*Tc

	30
	12*64*Tc

	60
	12*64*Tc

	120
	12*64*Tc


Table 2‑5 Timing error for eNB as synchronization source

Observation 5: Timing error requirement for gNB/eNB based synchronization can be derived by LTE and NR UL timing error requirement plus additional margin to account for passing timing information between SL and Uu processing stacks and across RF band synchronization. 
Proposal 3: Set timing error requirement for gNB as synchronization source as Table 2‑4.

Proposal 4: Set timing error requirement for eNB as synchronization source as Table 2‑5.
BWP Switching Interruption 
Since only one BWP can be configured for SL, SCI or MAC-CE based BWP switch is not possible for SL. For RRC based BWP switch, interruption requirement should be identical to NR BWP switch to a newly-configured BWP. The same requirement should also be applied to SL BWP to Uu BWP switching. 
Observation 6: Only RRC based BWP switching is allowed on SL, according to RAN1 agreement.

Observation 7: NR BWP switching delay requirement can be applied to NR V2X BWP switching.

Proposal 5: NR V2X BWP switching delay requirement should follow NR BWP switching delay requirement.

3. Conclusions
Observation 1: LTE requirement on Tx timing accuracy requirement of 12*Ts can be applied to all SCS options for GNSS based synchronization. 

Observation 2: SLSS based synchronization Tx timing accuracy requirement can be derived by SSSB BW and NR UL timing error margin.

Observation 3: Larger margin can be added when UE synchronized to FR2 SSSB and transmit on FR1.

Observation 4: Per RAN1 agreement, SSSB and SCS for SL transmission are with the same SCS if single carrier operation is considered.
Observation 5: Timing error requirement for gNB/eNB based synchronization can be derived by LTE and NR UL timing error requirement plus additional margin to account for passing timing information between SL and Uu processing stacks and across RF band synchronization. 
Observation 6: Only RRC based BWP switching is allowed on SL, according to RAN1 agreement.

Observation 7: NR BWP switching delay requirement can be applied to NR V2X BWP switching.

Proposal 1: Set Tx timing accuracy requirement for GNSS based synchronization as 12*Ts for all SCS.
Proposal 2: Tx Timing accuracy requirement when synchronization source is SLSS is set according to Table 2-3.
Proposal 3: Set timing error requirement for gNB as synchronization source as Table 2‑4.

Proposal 4: Set timing error requirement for eNB as synchronization source as Table 2‑5.
Proposal 5: NR V2X BWP switching delay requirement should follow NR BWP switching delay requirement.
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