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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on impact on the existing RRM core requirements for NR SL enhancement. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
According to WID[1], UE RRM core requirement for new features should be introduced. The objectives in the WID are captured for information.
	The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases.
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE
[bookmark: _GoBack]4. Support of new sidelink frequency bands for single-carrier operations [RAN4]
· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
· The exact frequency bands are to be determined based on company input during the WI, considering both licensed and ITS-dedicated spectrum in both FR1 and FR2.
5. Define mechanism to ensure sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range within non-ITS bands [RAN2].
· This applies areas where there is no network coverage.
6. UE Tx and Rx RF requirement for the new features introduced in this WI [RAN4]
7. UE RRM core requirement for the new features introduced in this WI [RAN4]

Enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16, and Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-17 sidelink in a dedicated resource pool.
The solutions should cover both the operating scenario where the carrier(s) is/are dedicated to ITS and the operating scenario where the carrier(s) is/are licensed spectrum and also used for NR Uu/LTE Uu operation.
The solutions should support the network control of NR sidelink as in Rel-16, i.e., NR Uu controls NR sidelink using Layer 1 and Layer 2 signalling and LTE Uu controls NR sidelink using Layer 2 signalling.
In ITS carriers, it is assumed that any co-channel coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP




Regarding the objectives, the followings would be expected as new features.
· Resource allocation related to power consumption reduction and inter-UE coordination 
· Sidelink DRX for broadcast, groupcast, and unicast
· Support of new sidelink frequency bands for single-carrier operations

For new sidelink frequency bands, RAN4 RF session agreed to consider only FR1 band in Rel-17 because there is no request for FR2 band [2], and agreed scenarios of intra-band con-current V2X operating bands which is partially used licensed band between SL and Uu [3].
RAN4 RF session’s agreement
· RAN4 do not need to update the work plan to add FR2 SL enhancement operation. Also RAN4 close FR2 discussion in NR SL enhancement
· Scenarios of intra-band con-current V2X operating bands
· Determine basic RF architecture for different operating scenarios. Other RF architecture is not precluded from implementation perspective.
· 1st priority: TDM (Single RF chain for Tx as baseline)
· 2nd priority: FDM with adjacent carrier (Separate RF chain as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain as baseline)

Regarding the introduced new features and the new SL frequency bands, it is necessary to identify what is impact on the existing NR V2X RRM requirements 
Table 2-1 shows our view on the impact on the existing NR V2X RRM requirements.
Table 2-1: Impact on V2X RRM requirement due to new features 
	Rel-16 V2X RRM requirements
	Resource allocation enhancement(related to power consumption reduction ,inter-UE coordination)
	Sidelink DRX for broadcast, groupcast, and unicast
	New sidelink frequency band

	UE Transmit Timing
	
	
	

	GNSS as synchronization reference source
	No
	No
	No

	NR Cell as synchronization reference source
	No
	No
	Yes

(whether to reuse= 0 or not for case of intra-band con-current V2X operating bands in licensed band)

	E-UTRAN Cell as synchronization reference source
	No
	No
	No

	SyncRef UE as synchronization reference source
	No
	No
	No

	Initiation/Cease of SLSS Transmissions
	
	
	

	GNSS as synchronization reference source
	No
	No
	No

	NR Cell as synchronization reference source
	No
	No
	No

	E-UTRAN Cell as synchronization reference source
	No
	No
	No

	SyncRef UE as synchronization reference source
	No
	Need to consider SL-DRX for Tevaluate,SLSS
	No

	Selection/Reselection of V2X Synchronization Reference Source
	No
	No
	No

	L1 SL-RSRP measurements
	No
	No
	No

	Resource (Re-)Selection
	No
	No
	No

	Resource Pre-emption
	No
	No
	No

	Resource Re-evaluation
	No
	No
	No

	
	Yes
(need to consider new resoure allocation behaviour for L1 SL-RSRP measurements)
	
	

	Congestion control measurements
	No
	No
	No

	Interruption
	
	
	

	Interruption to WAN due to V2X SL communication
	Yes
	No
	No

	V2X SL Communication dropping due to synchronization source change 
	No
	No
	No

	Interruption to E-UTRA SL due to NR SL synchronization source change
	No
	No
	No

	
	Yes
(Need to consider interruption requirement due to SL-DRX)
	
	

	Reliability of GNSS
	No
	No
	No

	Scheduling availability
	
	
	

	Scheduling availability of UE switching between E-UTRA SL and NR SL
	No
	No
	No

	Intra-frequency PSBCH-RSRP accuracy requirements for FR1(Performance)
	No
	No
	No

	Intra-Frequency SL-RSSI Measurement Accuracy Requirements for FR1(Performance)
	No
	No
	No

	Intra-Frequency L1 SL-RSRP Measurement Accuracy Requirements for FR1(Performance)
	No
	No
	No



And, other service types, such as public safety and commercial use cases besides V2X which was specified in Rel-16 are included in Rel-17. However, in aspects of RRM requirement, there is no big difference depending on service types. Therefore, RAN4 can consider Rel-16 NR V2X RRM requirements as baseline and applicability rule for other service types, for example, ‘Unless otherwise stated, for side link UEs, NR V2X requirements shall apply to public safety and commercial use cases.’.  Table 2-2 shows service types in Rel-17 compared to Rel-16 .
Table 2-2: Service types for Rel-16 5G V2X and Rel-17 NR SL enhancement 
	Service Types
	Rel-16
	Rel-17

	V2X
	O
	O

	Public Safety
	X
	O

	Commercial use cases
	X
	O




Proposal 1: Consider Rel-16 NR V2X RRM requirements as baseline 

Proposal 2: Consider applicability rule for other services, such as, public safety and commercial use cases instead of defining separate requirements per service type, for example,
· Unless otherwise stated, for side link UEs, NR V2X requirements shall apply to public safety and commercial use cases.

Proposal 3: Consider Table2-1 as starting point of Rel-17 RRM requirement.

Related to new sidelink frequency band
· UE transmit timing

Considering intra-band con-current V2X operating bands in licensed band which is partially used between SL and Uu, the current requirement = 0 for NR Cell as synchronization reference source would be not applicable due to conflict SL symbol and UL symbol in case of SL SCS of 60kHz as seen in Figure 2.1.



Figure 2-1: Intra-band con-current V2X operating bands in licensed band with SL NTAoffset = 0
In Figure 2-1, ①, ② and ③ are example of SL transmission with SCS of 15kHz, 30kHz and 60KHz with NTAoffset of 0us specified in Rel-16. (A) and (B) are example of UL transmission with NTAoffset of 13us and 15us. Here, 13us and 15us are equal to 25600Tc and 39936Tc in TS38.133 Table 7.1.2-2 and DL propagation delay is assumed with 1us (NTA=2*Tprop, cell radius = 300m).
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void



From Table 7.1.2-2, when the licensed band for intra-band con-current V2X operating bands is used only NR, NTAoffset for UL transmission is 13us. In this case, there is no conflict between SL Tx symbol and UL symbol at transition time from SL transmission to UL transmission for all SL SCSs in FR1. Because the 14th symbol in SL slot is always punctured.
On the other band, when the licensed band for intra-band con-current V2X operating bands is used for both NR and E-UTRA, NTAoffset for UL transmission is 20us. In this case, the conflict between SL Tx symbol and UL symbol at transition time from SL transmission to UL transmission for SL SCS of 60kHz other than SL SCS of 15kHz and 30kHZ in FR1. 
One way(Alt.1) to avoid the conflict is not to allow SL SCS of 60kHz for intra-band con-current V2X operating band in licensed band which is coexisted with NR and E-UTRA.
Another way(Alt.2) is to apply NTAoffset  of 13us (or 20us) same as UL to SL. Figure 2.2 shows the cases. 
 


(a) NTAoffset = 13us



(b) NTAoffset = 20us
Figure 2-2: Intra-band con-current V2X operating bands in licensed band with SL NTAoffset = UL NTAoffset
However, above two ways is only applicable to a limited case of small cell radius. 
For example, if cell radius is enlarged to 9km, NTA is 60us for UL transmission. In this case, Alt.1 cannot avoid the conflict for all the SL SCSs because of UL transmission timing, UL NTAoffset  (13us or 15us)+ NTA (60us)  >  SL 14th symbol length.  Alt.2 cannot avoid the conflict for SL SCS of 15kHz and 30kHz, i.e., cases UL NTA (60us)  >  SL 14th symbol length.
· Alt.1 (SL NTAoffset = 0)
· if  UL NTAoffset+ NTA   >  SL 14th symbol length
· Conflict
· Otherwise
· Non-conflict
· Alt.2 (SL NTAoffset = UL NTAoffset)
· if  UL NTAoffset+ NTA   > SL NTAoffset + SL 14th symbol length (same as  NTA   >  SL 14th symbol length)
· Conflict
· Otherwise
· Non-conflict

Figure 2-3 shows conflicted point between UL transmission timing and SL transmission timing for both Alt.1 and Alt. 2 according to SL SCS and cell radius. The summarized conflicts are summarized in Table 2-3.


[image: ]
Figure 2-3: Conflicted point between UL transmission and SL transmission 

Table 2-3: Summarized conflicts between UL transmission and SL transmission 
	SL NTAoffset
	UL 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



Proposal 4: Consider whether to reuse Rel-16 SL NTAoffset = 0 or not with possible solutions to avoid conflict with UL transmission and SL transmission for intra-band con-current V2X operating bands in licensed band in the requirement of UE transmit timing with NR Cell as synchronization reference source.

Related to Sidelink DRX(SL-DRX)
SL-DRX can give impact on evaluation time of SLSS. Based on Rel-16 NR V2X RRM requirements, the following requirement is related to SLSS when SyncRef UE is synchronization reference source.
· Initiation/Cease of SLSS Transmissions (SyncRef UE as synchronization reference source)
Rel-16 requirement:
	The UE shall be capable of measuring the PSBCH-RSRP of the selected SyncRef UE used as synchronization reference source and evaluate it to initiate/cease SLSS transmissions within Tevaluate,SLSS = 4 S-SSB periods.



Regarding SL-DRX and SLSS periodicity of 160ms, the existing Tevaluate,SLSS can be changed as one example in Table 2-4.
Table 2-4: 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: Consider SL-DRX in the requirement of initiation/cease of SLSS Transmissions with SyncRef UE as synchronization reference source.

· Selection/Reselection of V2X Synchronization Reference Source (SyncRef UE as synchronization reference source)
Rel-16 requirement:
	When GNSS synchronization reference source is configured as the highest priority and
-	UE is synchronized to GNSS directly,
-	UE shall not drop any V2X SLSS and data transmission for the purpose of selection/reselection to the SyncRef UE.
-	UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly,
-	UE shall not drop any V2X data transmission for the purpose of selection/reselection to the SyncRef UE. The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection / reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as 1.6 seconds at SCH Es/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of 30% of its SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
-	in other case
-	The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection / reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as 8 seconds at SCH Es/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of 6 % of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
-	UE is allowed to drop up to 2 slots of its V2X data reception per PSBCH monitoring occasion and overall drop rate shall not exceed 0.3% of its V2X data reception during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
When serving cell/PCell synchronization reference source is configured as the highest priority,
-	UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection / reselection criterion defined in TS 38.331[2].  Tdetect,SyncRef UE_V2X is defined as 8  seconds at SCH Es/Iot ≥ 0 dB, provided that the V2X UE is allowed to drop a maximum of 6 % of its V2X data and SLSS transmissions for the purpose of selection / reselection to the SyncRef UE.
-	UE is allowed to drop up to 2 slots of its V2X data reception per PSBCH monitoring occasion and overall drop rate shall not exceed 0.3% of its V2X data reception during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.
UE shall be capable of performing PSBCH-RSRP measurements for 3 identified intra-frequency SyncRef UEs with the measurement period of 320 ms. It is assumed that the SyncRef UE do not drop or delay any SLSS transmission within the measurement period. Otherwise, the measurement period may be extended.



Based on the Rel-16 requirement, the requirement of selection/reselection of V2X Synchronization Reference Source is only applicable to non-SL-DRX. Because the condition is assumed to be on transmission of SL. It is not necessary to consider SL-DRX for this requirement.
Proposal 6: Do not consider SL-DRX in the requirement of selection/reselection of V2X Synchronization Reference Source.

· Interruption 
For SL UE supporting both SL and WAN in different carrier, interruption can occur to WAN at following transitions similar to Rel-16 EN-DC due to SL-DRX operation. Therefore, it is necessary to consider the corresponding requirement of interruption. 
· at transitions from Non-SL DRX to SL DRX
· at transitions between active to non-active during SL DRX

Proposal 7: Consider interruption to WAN due to SL-DRX operation for SL UE supporting both SL and WAN in different carrier. WAN can be either NR or E-UTRA.

Related to Resource allocation enhancement related to power consumption reduction and inter-UE coordination
In Rel-16 NR V2X RRM requirements, the requirements of L1 SL-RSRP measurement was specified for Resource (Re-)Selection, Resource Pre-emption and Resource Re-evaluation. Here, Resource Pre-emption and Resource Re-evaluation were Rel-16 new features compared with Rel-15 LTE V2X. Therefore, Rel-17 new feature of resource allocation related to power consumption reduction and inter-UE coordination needs to be considered under the requirement of L1-SL RSRP measurement after RAN1’s conclusion on the new feature. 
Proposal 8: Consider Rel-17 new feature of resource allocation related to power consumption reduction and inter-UE coordination in the requirement of L1-SL RSRP measurement after RAN1’s conclusion.

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

Proposal 1: Consider Rel-16 NR V2X RRM requirements as baseline. 

Proposal 2: Consider applicability rule for other services, such as, public safety and commercial use cases instead of defining separate requirements per service type, for example,
· Unless otherwise stated, for side link UEs, NR V2X requirements shall apply to public safety and commercial use cases.

Proposal 3: Consider Table2-1 as starting point of Rel-17 RRM requirement.

Proposal 4: Consider whether to reuse Rel-16 SL NTAoffset = 0 or not with possible solutions to avoid conflict with UL transmission and SL transmission for intra-band con-current V2X operating bands in licensed band in the requirement of UE transmit timing with NR Cell as synchronization reference source.

Proposal 5: Consider SL-DRX in the requirement of initiation/cease of SLSS Transmissions with SyncRef UE as synchronization reference source.

Proposal 6: Do not consider SL-DRX in the requirement of selection/reselection of V2X Synchronization Reference Source.

Proposal 7: Consider interruption to WAN due to SL-DRX operation for SL UE supporting both SL and WAN in different carrier. WAN can be either NR or E-UTRA.

Proposal 8: Consider Rel-17 new feature of resource allocation related to power consumption reduction and inter-UE coordination in the requirement of L1-SL RSRP measurement after RAN1’s conclusion.

Reference
[1] RP-202846, “WID revision: NR sidelink enhancement”, LG Electronics
[2] R4-2103241, “	Way forward on coexistence evaluation for NR SL enhancement in Rel-17”, LG Electronics
[3] R4-2105403, “	WF on operating scenarios for SL and Uu in the same licensed band”, CATT
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