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In this paper, we provide our views on UE transmit timing error for NR SL enhancement. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4#99e meeting, one WF[1] on RRM impact for NR SL enhancements was agreed as follows.
	· Impact due to new operating scenario(2-1)
· 2-1-1 : Impact on UE transmit timing requirements due to new operating scenario
· Study the impact on UE transmit timing requirements due to new operating scenario
· For intra-band con-current V2X operating bands in licensed band when NR Cell is configured as synchronization reference source
· whether to reuse NTAoffset = 0 or not
· whether to reuse Tx timing error requirement(Te) or not
· 2-1-2 : Impact on scheduling availability requirements due to new operating scenario 
· After conclusion in RF session on switching period length and switching location for TDM based intra-band con-current sidelink operation, study whether to introduce scheduling availability or not when UE is switching between SL and Uu 
· 2-1-3 : Impact on RRM performance requirements due to new operating scenario
· Treat issue 2-1-3 in RRM performance part after RRM core requirement
· 2-1-4 : Impact on RRM requirements for FDM based intra-band con-current SL operation
· Further discuss based on the conclusion in RF session
· Impact due to SL-DRX(2-2)
· 2-2-1 : Impact on initiation/cease of SLSS transmissions due to SL-DRX 
· Study initiation/cease of SLSS transmissions with SL-DRX
· when SyncRef UE is synchronization reference source
· when NR cell is synchronization reference source
· when E-UTRAN cell is synchronization reference source
· 2-2-2 : Impact on selection/reselection of V2X Synchronization Reference Source due to SL-DRX
· Study the impacts on selection/reselection of V2X sync reference source due to SL-DRX including SyncRef UE identification time and PSBCH-RSRP measurement period 
· 2-2-3 : Impact on interruption due to SL-DRX 
· Study whether there is any impact on WAN due to SL-DRX
· 2-2-4 : Impact on L1 SL-RSRP measurements due to SL-DRX 
· No impact
· 2-2-5 : Impact on Congestion control measurements due to SL-DRX 
· No impact

· Impact due to resource allocation enhancement (2-3)
· 2-3-1 : Impact on L1 SL-RSRP measurements due to resource allocation related to power consumption reduction  
· After RAN1’s conclusion, study the impact
· 2-3-2 : Impact on L1 SL-RSRP measurements due to resource allocation related to inter-UE coordination
· After RAN1’s conclusion, study the impact
· 2-3-3 : How to design a test for partial sensing
· Treat issue 2-3-3 in RRM performance part after completion of RRM core requirement
· 2-3-4 : How to design a test for inter-UE coordination 
· Treat issue 2-3-4 in RRM performance part after completion of RRM core requirement

· Impact due to Different Service Types (2-4)
· 2-4-1 : Impact on structure of specification  
· First identify the requirement that are impacted, and based on that RAN4 can discuss the specification structure
· 2-4-2 : Baseline of SL RRM requirements
· Consider Rel-16 NR V2X RRM requirements as baseline




Related to a new SL frequency band
· UE transmit timing
For UE transmit timing requirements (issue 2-1-1), whether to reuse NTAoffset and Te or not should be discussed for intra-band con-current V2X operating bands in a licensed band when NR Cell is configured as a synchronization reference source. 
In TS38.211, SL transmission timing is defined with (NTA,SL + NTAoffset)xTc, , where, NTA,SL = 0. 
In Rel-16, V2X operation was only defined in a dedicated band. Considering that, NTAoffset = 0 was specified for all different synchronization reference sources, i.e, gNB, eNB, GNSS and SyncRef UE. 
In Rel-17, con-current V2X operating with Uu in a licensed band is considered. In the last RAN4 meeting, RAN4 sent LS to RAN1 with the following two options to check feasibility on option 2 from RAN1 perspective for case that gNB is configured as synchronization reference source of SL.
· Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing.
· Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL.
For two options, our understanding is as follows. UL transmission timing is assumed with (NTA + NTAoffset)xTc . And, to avoid confusion from NTAoffset used in UL transmission timing, NTAoffset,SL is used for SL transmission timing.
· Option 1: To follow the Rel-16 agreement to align SL transmission timing with DL timing 
· Option1a : NTA,SL = 0 and  NTAoffset,SL = 0  or
· Option1b : NTA,SL = 0 and  NTAoffset,SL = NTAoffset 
· Option 2: To reconsider SL transmission timing to align with UL timing to mitigate the interference between Uu and SL.
· For SL transmission timing : NTA,SL = NTA and  NTAoffset,SL = NTAoffset 
Option 1 can be divided into two sub-options, i.e., 1a, 1b depending on whether NTAoffset,SL = 0 or not. For V2X operating on a dedicated band, option 1a can be reused as Rel-16. However, for the con-current V2X operating with Uu on the licensed band, option 1b needs to be considered as well.
For Option 2 (NTA,SL = NTA), we think that it is violated with current RAN1 specification(NTA,SL = 0 in TS38.211). 
Therefore, we would like to discuss UE transmit timing requirements with option 1 before clarification from RAN1. In [3], confliction between UL transmission and SL transmission was analyzed considering different SCSs, all possible NTAoffset,SL, and cell radius. For option 1a and option 2b, the conflict can be summarized.
For option 1a (NTAoffset,SL = 0), 
· if  UL NTAoffset+ NTA   >  SL 14th symbol length
· Conflict
· Otherwise
· Non-conflict
For option 1b (NTAoffset,SL = NTAoffset,), 
· if  UL NTAoffset+ NTA   > SL NTAoffset,SL + SL 14th symbol length , i.e, NTA   >  SL 14th symbol length
· Conflict
· Otherwise
· Non-conflict

Table 2.1 shows the analysis of the conflict. 
Table 2-1: Summarized conflicts between UL transmission and SL transmission 
	SL NTAoffset
(NTAoffset,SL)
	UL NTAoffset 
(NTAoffset)
	No-conflict up to cell radius (m)

	
	
	SL SCS

	
	
	15kHz
	30kHz
	60kHz

	0us
	13us(NR band only)
	8800m
	3400m
	700m

	
	20us(NR band coexisted with LTE band)
	7700m
	2300m
	Conflict

	13us
	13us(NR band only)
	10700m
	5400m
	2700m

	20us
	20us(NR band coexisted with LTE band)
	10700m
	5400m
	2700m



Currently, con-current V2X operating with Uu has been considered in a licensed band, n79(4400MHz~5000MHz). The band is only defined for NR not LTE. It means that only NTAoffset of 13us needs to be considered. And, regarding the high frequency of n79, a small cell radius can be expected. If the cell size is smaller than 700m, no confliction occurs for all SL SCSs as seen in Figure 2-1 in [3].

Based on the analysis from [3], we propose as below.
Proposal 1: Decide whether to reuse Rel-16 SL NTAoffset = 0 or not taking UL NTAoffset, cell size corresponded to the licensed band, and SL SCSs into account for con-current V2X operating with Uu in licensed band when NR Cell is configured as synchronization reference source.

Proposal 2: Keep current NTA,SL = 0 for con-current V2X operating with Uu in licensed band when NR Cell is configured as synchronization reference source.


· Scheduling availability of UE switching between SL and Uu for TDM based intra-band con-current SL operation
It is similar to scheduling availability of UE switching between NR SL and LTE SL transmission in Rel-16 except that NTAoffset and NTA for UL transmission should be considered. Figure 2.1(a) and (b) show one example for SL NTAoffset = 0 and SL NTAoffset = UL NTAoffset respectively.



Figure 2-1: UE switching scenario between SL and Uu for Intra-band con-current V2X operating bands in licensed band
From Figure 2-1 (a), for case of SL NTAoffset = 0,  
· when switches from SL transmission to UL transmission in SL slot ‘N-1’, UL schedule can be also restricted on slot ‘N’ due to UL TA(=NTAoffset+NTA) on top of schedule restriction to SL on slot ‘N-1’. To avoid the UL schedule restriction, the switching needs to be done during A in Figure 2-1(a) before UL TA in SL slot ‘N-1’. With that, only SL schedule can be restricted on slot ‘N-1’.
· when switches from SL transmission to UL transmission in UL slot ‘N’, UL schedule on slot ‘N’ can be restricted.
· when switches from UL transmission to SL transmission in UL slot ‘N’, UL schedule on slot ‘N’ can be restricted.
· when switches from UL transmission to SL transmission in SL slot ‘N+1’, SL schedule on slot ‘N+1’ can be restricted.

From Figure 2-1 (b), for case of SL NTAoffset = UL NTAoffset,  
· when switches from SL transmission to UL transmission in SL slot ‘N-1’, UL schedule can be also restricted on slot ‘N’ due to UL timing advance (=NTAoffset+NTA) on top of schedule restriction to SL on slot ‘N-1’. To avoid the UL schedule restriction, the switching needs to be done during A in Figure 2-1(b) before UL TA in SL slot ‘N-1’. With that, only SL schedule can be restricted on slot ‘N-1’.
· when switches from SL transmission to UL transmission in UL slot ‘N’, UL schedule on slot ‘N’ can be restricted.
· when switches from UL transmission to SL transmission in UL slot ‘N’, SL schedule can be also restricted on slot ‘N+1’ due to SL NTAoffset on top of schedule restriction to UL on slot ‘N’. To avoid the SL schedule restriction, the switching needs to be done during B in Figure 2-1(b) before SL NTAoffset in UL slot ‘N’. With that, only UL schedule can be restricted on slot ‘N’.
· when switches from UL transmission to SL transmission in SL slot ‘N+1’, SL schedule on slot ‘N+1’ can be restricted.

From Figure 2.1, the schedule restriction can occur either UL transmission or SL transmission, or both due to UL timing advance and SL NTAoffset.  The schedule restriction of both is not desirable. 
 
Proposal 3: Define schedule restriction on one slot in either UL slot or SL slot when switching between UL transmission and SL transmission in either UL slot or SL slot for con-current V2X operating with Uu in licensed band.

· RRM requirements for FDM based intra-band con-current SL operation
The following 2 scenarios have been discussing in RF session for FDM based intra-band con-current SL operation in licensed band.
· Con-current SL transmission and Uu transmission operation
· Both adjacent carrier and non-adjacent carrier
· Con-current SL reception and Uu transmission operation
· Only non-adjacent carrier
For the FDM based intra-band con-current SL operation, it is assumed that UE has two separated RF chains. For Uu, an active Uu BWP switch can occur using DCI-based, timer-based or RRC reconfiguration-based. On the other hand, for SL, once SL BWP is configured and it is assumed to be kept without an active SL BWP switch.
Therefore, interruption on SL needs to be considered due to active Uu BWP switch, however, interruption on Uu does not need to be considered due to active SL BWP switch. For this interruption, the interruption requirement due to active BWP switch of NR-DC can be a baseline. According to the current specification, the interruption due to active BWP switch is allowed within the delay TBWPswitchDelay defined in clause 8.6.2 for DCI-based and timer-based, and within the delay TRRCprocessingDelay + TBWPswitchDelayRRC defined in clause 8.6.3 for RRC reconfiguration-based. It means that if SL slot is not within the delay (TBWPswitchDelay or TRRCprocessingDelay + TBWPswitchDelayRRC ), any interruption on SL does not occur.

Proposal 4: Consider interruption on SL due to active Uu BWP switch for FDM based intra-band concurrent SL operation in licensed band.

Related to SL-DRX
· Initiation/cease of SLSS transmissions due to SL-DRX
According to [1], whether SL-DRX can give impact on evaluation time of SLSS needs to be studied for initiation/cease of SLSS transmissions when 
· when SyncRef UE is synchronization reference source
· when NR cell is synchronization reference source
· when E-UTRAN cell is synchronization reference source

Since SL-DRX is only related to SL, only SyncRef UE among the above them can give an impact on the evaluation time of SLSS. 
In Rel-16, the evaluation time of SLSS was defined with Tevaluate,SLSS = 4 S-SSB periods. Considering SL-DRX on top of the Rel-16 requirement, the evaluation time of SLSS can be defined as seen in Table 2.2 when SyncRef UE is used as synchronization reference source.
Table 2-2: Tevaluate,SLSS when SyncRef UE is used as synchronization reference source
	SL-DRX cycle length in NR SL [s]
	Tevaluate,SLSS
[s]

	≤0.16
	4 x max(S-SSB periodicity, SL-DRX cycle) 

	0.16<SL-DRX-cycle
	4 x SL-DRX cycle

	Note 1: SL-DRX On duration should apply



Proposal 5: Define Tevaluate,SLSS as seen in Table 2.2 for initiation/cease of SLSS Transmissions with SL-DRX when SyncRef UE is synchronization reference source.

· Selection/reselection of V2X Synchronization Reference Source due to SL-DRX
In Rel-16, the following requirements were specified for purpose of selection/reselection to the SyncRefUE depending on synchronization reference source.
· When GNSS synchronization reference source is configured as the highest priority 
· UE is synchronized to GNSS directly 
· Not drop any V2X data and SLSS transmission
· UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly
· Not drop any V2X data transmission
· Drop SLSS transmission
· Others
· Drop its V2X data and SLSS transmission
· Drop its V2X data reception
· When serving cell/PCell synchronization reference source is configured as the highest priority 
· Drop its V2X data and SLSS transmission
· Drop its V2X data reception
· UE’s PSBCH-RSRP measurement capability : 3 identified intra-frequency SyncRef UEs with the measurement period of 320 ms.

SL-DRX is basically related to SL reception. Therefore, the drop of its V2X data reception needs to be defined including the detection time of SyncRefUE (Tdetect,SyncRef UE_V2X) for SL-DRX.
To detect SLSS of SyncRefUE during SL-DRX On duration, the SL-DRX On duration should be configured to cover the SLSS of SyncRefUE. 
However, it is not always guaranteed. In case of synchronous SyncRefUE, it is possible to configure to cover the SLSS of SyncRefUE. On the other hand, it is not possible in case of asynchronous SyncRefUE as seen in Figure 2.2. Here, SL-DRX On-duration is assumed to be less than SLSS periodicity (160ms).



Figure 2-2: SLSS of SyncRefUE vs SL-DRX On-duration for synchronous and asynchronous SyncRefUE

In the case of synchronous SyncRefUE, the detection time of SyncRefUE can be considered as seen in Table 2.3 when SyncRef UE is synchronous under SL-DRX. When SL-DRX cycle is less than SLSS periodicity (160ms), 3 times of SLSS periodicity can be considered as Rel-16.
Table 2-3: Tdetect,SyncRef UE_V2X for synchronous SyncRef UE
	SL-DRX cycle
	Tdetect,SyncRef UE_V2X (X seconds)

	SL-DRX cycle ≤ 160ms
	0.48 

	SL-DRX cycle > 160ms
	3 x SL-DRX cycle 



In the case of asynchronous SyncRefUE, if SL-DRX On-duration is configured with the same SLSS period or large, it can be always guaranteed to cover one or one more SLSS of SyncRefUE during the SL-DRX On-duration. With this configuration, the detection time of SyncRefUE can be considered as seen in Table 2-4. Here, SL-DRX cycle is always larger than the SL-DRX on-duration.
Table 2-4: Tdetect,SyncRef UE_V2X for asynchronous SyncRef UE
	SL-DRX-OnDuration(Y)
	Tdetect,SyncRef UE_V2X (X seconds)

	160ms <= Y < 480ms
	3 x SL-DRX cycle 

	Y => 480ms
	0.48 



For UE’s PSBCH-RSRP measurement capability, 3 identified intra-frequency SyncRef UEs with the measurement period (TSyncRef UE_V2X_measurement_period_intra) as seen in Table 2-5 can be considered for SL-DRX.

Table 2-5: TSyncRef UE_V2X_measurement_period_intra 
	SL-DRX cycle
	TSyncRef UE_SL_measurement_period_intra (Y seconds)

	No SL-DRX
	0.32

	SL-DRX cycle ≤ 160ms
	2 x max(0.16, SL-DRX cycle) = 0.32

	SL-DRX cycle > 160ms
	2 x SL-DRX cycle(second) 



Proposal 6: Define Tdetect,SyncRef UE_V2X of SL-DRX for synchronous SyncRefUE and asynchronous SyncRefUE separately.
Proposal 6-1: Consider Table2-3 as Tdetect,SyncRef UE_V2X of SL-DRX for synchronous SyncRefUE 
Proposal 6-2: Consider Table2-4 as Tdetect,SyncRef UE_V2X of SL-DRX for asynchronous SyncRefUE

Proposal 7: Consider Table2-5 as PSBCH-RSRP measurement period of SL-DRX.

· Interruption on WAN due to SL-DRX
For SL UE supporting both SL and WAN in a different carrier, an interruption can occur to WAN at following transitions, A, B and C as seen in Figure2-3 similar to Rel-16 EN-DC interruption, by replacing with SL-DRX. The corresponding requirement of interruption needs to be specified. 
· at transitions from Non-SL DRX to SL DRX (A in Figure2-3)
· at transitions between active to non-active during SL DRX( B & C in Figure2-3)




Figure 2-3: Expected interruption on WAN due to SL-DRX 
When WAN is NR, the number of interrupted slots, X can be summarized for synchronization case and asynchronization case between SL and WAN as seen in Table 2-6 by reusing transient time of 500us which is assumed in Rel-16. 
· For synchronization case, 
· X1 = ceil(500us/[1ms, 500us, 250us, 125us]) = 1, 1, 2, 4 for  = 0, 1, 2, 3 respectively
· X = X1 for = 0, 1
· X = X1 +1 for = 2, 3
· For Asynchronization case, 
· X2 = X1 + 1  = 2, 2, 3, 5 for  = 0, 1, 2, 3 respectively
· X = X2
Regarding small CP length in case of  X = X1+1 is proposed for synchronization case. 

Table 2-6: Interruption length X at transition A, B and C
	[image: ]
	NR Slot length (ms)
	Interruption length X (slots)

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5



When WAN is E-UTRAN, the number of interrupted sub-frame, X can be summarized for synchronization case and asynchronization case between SL and WAN as seen in Table 2-7 by reusing transient time of 500us which is assumed in Rel-16. 
· For synchronization case, 
· X1 = ceil(500us/1ms) = 1
· X = X1
· For Asynchronization case, 
· X2 = X1 + 1  = 2
· X = X2

Table 2-7: Interruption length X at transition A, B and C 
	LTE Sub-frame length (ms)
	Interruption length X (sub-frame)

	
	Sync
	Async

	1
	1
	2



Proposal 8: Define interruption to WAN due to SL-DRX for UE supporting both SL and WAN in different carriers. 
Proposal 8-1: Consider Table 2-6 as interruption to WAN due to SL-DRX when WAN is NR. 
Proposal 8-2: Consider Table 2-7 as interruption to WAN due to SL-DRX when WAN is E-UTRAN. 

· Interruption on SL due to DRX
For SL UE supporting both SL and WAN in different carriers, an interruption can occur to SL at following transitions, A, B and C as seen in Figure2-4. The corresponding requirement of interruption needs to be specified. 
· at transitions from Non-DRX to DRX (A in Figure2-4)
· at transitions between active to non-active during DRX( B & C in Figure2-4)




Figure 2-4: Expected interruption on NR SL due to DRX 
When WAN is either NR or E-UTRAN, the number of interrupted slots, X can be summarized for synchronization case and asynchronization case between SL and WAN as seen in Table 2-8. Here, it is considered that SL is defined in the only FR1 in Rel-17. 
· For synchronization case, 
· X1 = ceil(500us/[1ms, 500us, 250us, 125us]) = 1, 1, 2 for  = 0, 1, 2 respectively
· X = X1 for = 0, 1
· X = X1 +1 for = 2
· For Asynchronization case, 
· X2 = X1 + 1  = 2, 2, 3 for  = 0, 1, 2 respectively
· X = X2
Regarding small CP length in case of  X = X1+1 is proposed for synchronization case. 

Table 2-8: Interruption length X at transition A, B and C
	[image: ]
	NR SL Slot length (ms)
	Interruption length X (slots)

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3



Proposal 9: Investigate interruption to NR SL due to DRX for UE supporting both SL and WAN in different carriers. 


Related to resource allocation enhancement
· L1 SL-RSRP measurements due to resource allocation related to power consumption reduction
RAN1 has been discussing the resource allocation related to power consumption reduction. Therefore, it needs to wait for RAN1’s conclusion for related RAN4 work.

· L1 SL-RSRP measurements due to resource allocation related to inter-UE coordination
RAN1 has been discussing the resource allocation related to inter-UE coordination. Therefore, it needs to wait for RAN1’s conclusion for related RAN4 work.

Proposal 9: Study the impact on L1 SL-RSRP measurements after RAN1’s conclusion on resource allocation related to power consumption reduction and inter-UE coordination.

Conclusion
In this contribution, we provided our views on RRM requirements by new features in Rel-17 NR SL enhancement considering [1]. Based on the views, we propose as follows.

Proposal 1: Decide whether to reuse Rel-16 SL NTAoffset = 0 or not taking UL NTAoffset, cell size corresponded to the licensed band, and SL SCSs into account for con-current V2X operating with Uu in licensed band when NR Cell is configured as synchronization reference source.

Proposal 2: Keep current NTA,SL = 0 for con-current V2X operating with Uu in licensed band when NR Cell is configured as synchronization reference source.

Proposal 3: Define schedule restriction on one slot in either UL slot or SL slot when switching between UL transmission and SL transmission in either UL slot or SL slot for con-current V2X operating with Uu in licensed band.

Proposal 4: Consider interruption on SL due to active Uu BWP switch for FDM based intra-band concurrent SL operation in licensed band.

Proposal 5: Define Tevaluate,SLSS as seen in Table 2.2 for initiation/cease of SLSS Transmissions with SL-DRX when SyncRef UE is synchronization reference source.

Proposal 6: Define Tdetect,SyncRef UE_V2X of SL-DRX for synchronous SyncRefUE and asynchronous SyncRefUE separately.
Proposal 6-1: Consider Table2-3 as Tdetect,SyncRef UE_V2X of SL-DRX for synchronous SyncRefUE 
Proposal 6-2: Consider Table2-4 as Tdetect,SyncRef UE_V2X of SL-DRX for asynchronous SyncRefUE

Proposal 7: Consider Table2-5 as PSBCH-RSRP measurement period of SL-DRX.

Proposal 8: Define interruption to WAN due to SL-DRX for UE supporting both SL and WAN in different carriers. 
Proposal 8-1: Consider Table 2-6 as interruption to WAN due to SL-DRX when WAN is NR. 
Proposal 8-2: Consider Table 2-7 as interruption to WAN due to SL-DRX when WAN is E-UTRAN. 

Proposal 9: Study the impact on L1 SL-RSRP measurements after RAN1’s conclusion on resource allocation related to power consumption reduction and inter-UE coordination.
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