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1 Introduction
This contribution includes our views on NR sidelink enhancement features for Rel-17 NR_SL_enh WI based on RAN1 agreements/conclusions and on addressing FFS/controversial issues from previous dedicated email discussions for UE features since RAN1#106bis-e meeting.
2 Discussion 
2.1 Relationship between the Rel-17 FGs and Rel-16 basic FGs
Rel-17 SL features are designed to allow a Rel-17 UE to not implement all of the Release-16 basic features, e.g. a Type A/B operation does not need to implement Rel-16 FG 15-1 and other FGs taking FG15-1 as pre-requisites. Instead, a Rel-17 UE only needs to implement part of Rel-16 basic FGs if it supports to implement according to Rel-17 features. One example, for inter-UE coordination operation needs to support Rel-16 FG 15-1, i.e. take Rel-16 FG 15-1 as pre-requisite FG for inter-UE coordination FG. 
[bookmark: _Hlk87022493]Proposal 1: Rel-16 basic FGs are not basic FGs in Rel-17. Necessary Rel-16 FGs should be handled via pre-requisites of Rel-17 FGs.
2.2 Rx capabilities
Following conclusion was made in RAN1#103-e:
Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Following conclusion was made in RAN1#104-e:
Conclusion:
· PSFCH reception is not included for Type A UE
· S-SSB reception is not included for Type A UE
· SL reception Type B is additionally added
· Type B: Same as Type A with an exception of performing PSFCH and S-SSB reception
· Note: the same conditions as in RAN1#103-e regarding the context of the discussion of Type A and Type D still apply (also applicable to type B)
Following conclusion was made in RAN1#106bid-e:
Agreement
Following Tx capabilities are used as FGs for Rel-17 SL
· mode 2 with random resource selection
· mode 2 with partial sensing
· FFS: TX capabilities with more than one sensing schemes (e.g., {full sensing, partial sensing, random selection}, {partial sensing, random selection})

In RAN1#106bis-e, there were discussion on whether it is appropriate to define UE capability signalling reflecting the UE types. In general, it appears after that discussion it is not necessary for Type A and Type D, since the design agreements have not expressed those types in any concrete way beyond references for evaluation. 
· For Type A 
The only Rx operation of Type A is random resource selection without any SL reception, which can be signalled by using newly defined Rel-17 FG “mode 2 with random resource selection”, without reporting Rel-16 FG 15-1 Receiving NR sidelink. 
There is no need for separate signalling of a Type A UE.
· For Type B 
Type B is used to refer to the Rx operation for which a UE does not perform sensing but synchronization and HARQ-based feedback, given that sensing is a major component of power consumption in Rel-16 mode 2 operation. At least from power reduction point view, it is not necessary to further split PSFCH and S-SSB. In Rel-16, reception of each of PSFCH and S-SSB requires Rel-16 FG 15-1 as a prerequisite feature, but random selection only does not need to report Rel-16 FG 15-1. It may not be able to use existing FGs to signal Type B. Thus, if RAN1 decides to have a UE type with PSFCH and S-SSB, there should be a new Rel-17 FG to indicate it, without need of Rel-16 FG 15-1 as prerequisite feature. 
· For type-D 
This Rx operation is same as Rel-16 FG 15-1. No additional signalling is defined for a Rel-17 UE.
[bookmark: _Hlk87022501]Proposal 2: 
· No need to introduce an FG to report a Type A UE. It is equivalent to reporting Rel-17 FG “mode 2 random resource selection” without reporting Rel-16 FG 15-1.
· Receiving NR sidelink PSFCH and S-SSB only is indicated by introduction of a new Rel-17 FG.
· Do not further split PSFCH and S-SSB into different FGs.
· No need to introduce an FG to report a Type D UE. It is equivalent to reporting Rel-16 FG 15-1.
2.3 Tx capabilities for resource selection
Following agreements was made in RAN1#106bis-e [2]:
Agreement:
· Following Tx capabilities are used as FGs for Rel-17 SL
· mode 2 with random resource selection
· mode 2 with partial sensing
· FFS: TX capabilities with more than one sensing schemes (e.g., {full sensing, partial sensing, random selection}, {partial sensing, random selection})
. Since the Rel-16 and new Rel-17 RA schemes have been designed to work independently of one another, i.e. there is no need for a UE to support a particular pair of them, the capability signaling can simply allow the UE to indicate each RA scheme separately. Otherwise, a UE may be forced to implement a feature it does not wish to use, only in order to provide the one of interest, e.g. there is no reason to demand random selection be supported when the UE manufacturer is only interested in partial sensing.
[bookmark: _Hlk87022508]Proposal 3: The capability of each RA scheme (full sensing as 15-1, partial sensing, random selection) is reported independently. Do not introduce TX capabilities with more than one sensing scheme.
2.4 Inter-UE coordination
There are two inter-UE coordination schemes, where scheme 1 allows UE-A to indicate a set of resources (preferred or not-preferred) to UE-B, and thus UE-B can perform resource selection according to the coordination information provided by the UE-A, e.g. UE-B is aware of what resources is preferred to be used for transmission. On the other hand, scheme 2 only indicates collision, and UE-B has no information about resource preference and perform resource re-selection on its own sensing results. Thus two schemes can be associated with different UE capability to support different inter-UE coordination operation. Within a scheme, it is not needed to have a number of combinations of different options to define different inter-UE coordination capability, because each combination may be optimized in different conditions, such as cast type, group-size, periodic/aperiodic traffic, and a UE is to perform any of them, depending on the situation. In summary, we propose to have two inter-UE coordination UE features, one each for scheme 1 and scheme 2.
[bookmark: _Hlk87022517]Proposal 4: Define inter-UE coordination scheme 1 and scheme 2 as separate UE features, FG 32-5 (scheme 1) and FG 32-6 (scheme 2).
See below for an overall entry for this new FG 32-6.

In the last RAN1#106b-e meeting, RAN1 has achieved the following agreements for inter-UE coordination scheme 2.
Agreement
For Scheme 2, PSFCH format 0 is used to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI
Agreement
· For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 

For PSFCH format 0 to transmitting sidelink HARQ, the UE feature 15-11 has been defined, where the following component to support the PSFCH format 0 transmission and reception. 

	Index
	Feature group
	Components
	Note

	15-11
	PSFCH format 0
	1) UE can transmit and receive NR PSFCH format 0
2) UE can receive up to N PSFCH(s) resources in a slot.
3) UE can transmit up to M PSFCH(s) resources in a slot
	This is the basic FG for sidelink.

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Candidate values for N are {5, 15, 25, 32, 35, 45, 50, 64}

Candidate values for M are {4, 8, 16}



We think similar feature group of PSFCH format 0 used to convey the presence of expected/potential resource conflict on reserved resource(s) in inter-UE coordination scheme 2 in NR sidelink mode 2 should be defined to treat the supported transmission and reception capability of PSFCH format 0. 
For the value (N1, M1) of reception/transmission PSFCH(s) resources for coordination indication, one simple way is to reuse the candidate values set for M and N in Rel-16, since the same PSFCH format 0 is used. 
And we also noted that there would be cases where the transmission/reception between PSFCH format 0 for inter-UE coordination in NR sidelink and PSFCH format 0 for sidelink HARQ feedback may happen in the same PSFCH resource slots. Since Rel-17 UE hardware can reuse Rel-16’s, the capacity of reception/transmission of total PSFCH(s) resources may limit by Rel-16 values. UE is expected to manage its capability report between Rel-16 FG 15-11 values and related Rel-17 values.
For example, if UE reports N = 64 in Rel-16 only case, it may report N = 32 and N1 = 32 in Rel-17 to make sure the total PSFCH(s) resources is 64.
In order to align with current candidate values for N of {5, 15, 25, 32, 35, 45, 50, 64}, new value {10} need to be added in Rel-17 to achieve the combination of 10 and 5 in the candidate values set {5, 15, 25, 32, 35, 45, 50, 64}. For example, this allows a UE which would report N = 35 in Rel-16 to report {N, N1} = {25, 10}.
Similarly, a new value of {12} need to be added to candidate values for M for the same purpose.

[bookmark: _Hlk87022524]Proposal 5: Capability of PSFCH format 0 transmission/reception for scheme 2 is a component of the scheme 2 FG:
· 1) UE can transmit and receive NR PSFCH format 0 which conveys the presence of expected/potential resource conflict
· 2) UE can receive up to N1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict
· The candidate value for N1 are {5, [10], 15, 25, 32, 35, 45, 50, 64}
· 3) UE can transmit up to M1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict
·  The candidate value for M1 are {4, 8, [12], 16}
· UE is expected to manage its capability report between FG 15-11 values and FG 32-6 values
The changes of UE feature list for NR_SL_enh are listed as following

	Index
	Feature group
	Components
	Prerequisite feature groups
	Note

	32-5
	Inter-UE coordination scheme 1 in NR sidelink mode 2
	1) UE can transmit and receive inter-UE coordination information of preferred resource set/non-preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.
2) UE can transmit and receive inter-UE coordination information of non-preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.
2) UE can transmit and receive inter-UE coordination information of presence of expected/potential resource conflict and use the received information in its own resource re-selection in NR sidelink mode 2.
3) UE can transmit and received an explicit request for inter-UE coordination information of [FFS: preferred resource set only or both preferred resource set and non-preferred resource set].
	[32-1]
	

	32-6
	Inter-UE coordination scheme 2 in NR sidelink mode 2
	1) UE can transmit and receive NR PSFCH format 0 which conveys the presence of expected/potential resource conflict, and use the received information in its own resource re-selection in NR sidelink mode 2.

2) UE can receive up to N1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict

3) UE can transmit up to M1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict
	15-1, 15-11
	The candidate values for N1 are {5, [10], 15, 25, 32, 35, 45, 50, 64}

The candidate values for M1 are {4, 8, [12], 16}

UE is expected to manage its capability report between FG 15-11 values and FG 32-6 values



2.5 UE behavior for sidelink only band
For the all newly defined/introduced UE feature, the support the configuration by network should not be a mandatory since there are PC5 only band at least for ITS band 47. This issue has been treated by added a note in Rel-16 like: “Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1”. We think this principle should also been used for Rel-17.
[bookmark: _Hlk87022540]Proposal 6: A note should be added to the newly defined Rel-17 UE features to treat the supporting of network configuration for PC5 only band cases, e.g.
·  “Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1”.

2.6 Whether gNB needs to be informed
Based on RAN1 agreements that resource allocation schemes (full sensing, partial sensing, and random resource selection) are configured per resource pool, thus it is essential for gNB to be aware of the UE features on what resource allocation schemes it supports. For inter-UE coordination, it is also agreed that features for both scheme 1 and scheme 2 can be enabled or disabled or controlled by (pre-)configuration, and therefore gNB should be informed with UE capability.
[bookmark: _Hlk87022554]Proposal 7: UE features regarding resource allocation schemes and inter-UE coordination schemes need to be informed to gNB.
2.7 Sidelink DRX
We assume RAN2 will handle the definition of capabilities related to SL DRX without input from RAN1.
3 Conclusion
In this contribution, we have following proposals on UE features for Rel-17 NR sidelink.
See the Appendix for the annotated changes.
Proposal 1: Rel-16 basic FGs are not basic FGs in Rel-17. Necessary Rel-16 FGs should be handled via pre-requisites of Rel-17 FGs.
Proposal 2: 
· No need to introduce an FG to report a Type A UE. It is equivalent to reporting Rel-17 FG “mode 2 random resource selection” without reporting Rel-16 FG 15-1.
· Receiving NR sidelink PSFCH and S-SSB only is indicated by introduction of a new Rel-17 FG.
· Do not further split PSFCH and S-SSB into different FGs.
· No need to introduce an FG to report a Type D UE. It is equivalent to reporting Rel-16 FG 15-1.
Proposal 3: The capability of each RA scheme (full sensing as 15-1, partial sensing, random selection) is reported independently. Do not introduce TX capabilities with more than one sensing scheme.
Proposal 4: Define inter-UE coordination scheme 1 and scheme 2 as separate UE features, FG 32-5 (scheme 1) and FG 32-6 (scheme 2).
Proposal 5: Capability of PSFCH format 0 transmission/reception for scheme 2 is a component of the scheme 2 FG:
· 1) UE can transmit and receive NR PSFCH format 0 which conveys the presence of expected/potential resource conflict
· 2) UE can receive up to N1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict
· The candidate value for N1 are {5, [10], 15, 25, 32, 35, 45, 50, 64}
· 3) UE can transmit up to M1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict
·  The candidate value for M1 are {4, 8, [12], 16}
· UE is expected to manage its capability report between FG 15-11 values and FG 32-6 values
Proposal 6: A note should be added to the newly defined Rel-17 UE features to treat the supporting of network configuration for PC5 only band cases, e.g.
·  “Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1”.
Proposal 7: UE features regarding resource allocation schemes and inter-UE coordination schemes need to be informed to gNB.
4 References
[1] R1-2108679, “Preliminary RAN1 UE features list for Rel-17 NR”, Moderators (AT&T, NTT DOCOMO), RAN1#106- 
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5 Appendix: REVISED UE feature list for NR_SL_enh
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	32. NR_SL_enh
	32-1
	[Receiving NR sidelink of PSCCH/PSSCHPSFCH/S-SSB]
	1) UE can receive NR PSCCH/PSSCH/PSFCH/S-SSB.
	None
	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-2
	[Receiving NR sidelink of PSFCH/S-SSB only]
	1) UE can receive NR PSFCH/S-SSB only.
	None
	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-3	Comment by RAN1#106bis-e: Agreement
Following Tx capabilities are used as FGs for Rel-17 SL
mode 2 with random resource selection
mode 2 with partial sensing
FFS: TX capabilities with more than one sensing schemes (e.g., {full sensing, partial sensing, random selection}, {partial sensing, random selection})
	Transmitting NR sidelink mode 2 with full sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with full sensing configured by NR Uu or preconfiguration.
2) UE supports the sensing and resource allocation operation as specified in Rel-16.
	[32-1]
	[Yes]
	[No]
	[UE can perfom random resource selection only]
	[Per band]
	N.A.
	N.A.
	N.A.
	Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-4
	Transmitting NR sidelink mode 2 with partial sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with partial sensing configured by NR Uu or preconfiguration.
2) UE can perform periodic-based partial sensing and resource allocation operation.
3) UE can perform contiguous partial sensing and resource allocation operation.
	[32-1], [32-3] [15-1]
	[Yes]
	[No]
	UE does not support trasmissoin according to the partial sensing and resource allocation
	[Per band]
	N.A.
	N.A.
	N.A.
	Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-4a
	Transmitting NR sidelink mode 2 with random resource selection
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with random resource selection configured by NR Uu or preconfiguration.

	None
	Yes
	[No]
	UE does not support transmission according to the random resource selection and resource allocation
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-5
	Inter-UE coordination scheme 1 in NR sidelink mode 2
	1) UE can transmit and receive inter-UE coordination information of preferred resource set/non-preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.
2) UE can transmit and receive inter-UE coordination information of non-preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.2) UE can transmit and receive inter-UE coordination information of presence of expected/potential resource conflict and use the received information in its own resource re-selection in NR sidelink mode 2.
3) UE can transmit and received an explicit request for inter-UE coordination information of [FFS: preferred resource set only or both preferred resource set and non-preferred resource set].
	[3215-1]
	[Yes]
	[Yes]
	UE does not support inter-UE coordination in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	N.A.
	Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1
	Optional with capability signalling. 	Comment by RAN1#106bis-e: Working assumption
The capabilities for inter-UE coordination schemes 1 and 2 in NR sidelink mode 2 are not a basic FGs for Rel-17 SL enhancement

	32. NR_SL_enh
	32-6
	Inter-UE coordination scheme 2 in NR sidelink mode 2
	1) UE can transmit and receive NR PSFCH format 0 which conveys the presence of expected/potential resource conflict, and use the received information in its own resource re-selection in NR sidelink mode 2.

2) UE can receive up to N1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict

3) UE can transmit up to M1 PSFCH(s) resources in a slot which convey the presence of expected/potential resource conflict
	15-1, 15-11
	Yes
	[Yes]
	UE does not support inter-UE coordination scheme 2in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	N.A.
	The candidate values for N1 are {5, [10], 15, 25, 32, 35, 45, 50, 64}

The candidate values for M1 are {4, 8, [12], 16}

UE is expected to manage its capability report between FG 15-11 values and FG 32-6 values

Note: configuration by NR Uu Is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1.



	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.




