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1. Introduction
In this contribution, we propose a set of UE features for NR Sidelink Enhancements based on the preliminary feature list provided in [1] and agreements in subsequent meetings. A proposed feature list based on the proposals in this contribution is provided in Section 3.
2. Discussion
2.1 Signaling Type
In general, many of the new features are impacted by the currently supported featureset. For example, the ability to process the additional information required for inter-UE coordination could be impacted by support of operations in other bands that would increase the baseband processing effort. Similarly transmitting or receiving such information would be impacted by other reception and transmission. Another example is sensing and partial sensing, which both require baseband processing taking away processing resources from other operations. Therefore, we propose that the FGs be defined per featureset.
[bookmark: _Toc92794532]Proposal 1: UE features for sidelink enhancements are defined per featureset.

2.2 Synchronization
RAN1 agreed to discuss synchronization requirements for both FG 32-4 and FG 32-4a:
Agreement
· FG 32-4 is updated as follows
· FFS whether capability for synchronization as components or prerequisite or another FG
· FFS how to define total SL processes if UE reports more than one FGs of 15-3, 32-4 and 32-4a
Agreement
· FG 32-4a is updated as follows
· FFS whether capability for synchronization as components or prerequisite or another FG
· FFS how to define total SL processes if UE reports more than one FGs of 15-3, 32-4 and 32-4a

In Release-16, all sidelink UEs were required to support synchronization to GNSS. However, the same should not apply to Release-17 since it expands the use cases and synchronization to GNSS might not be required, or even feasible, for some of them such as indoor commercial uses. Reception of SL-SSB was also required in Release-16 of all UEs; however, RAN1 already agreed to support Release-17 SL UEs without any SL reception capability and those UEs would not be able to receive SL-SSB. Based on these two points, we propose the following for synchronization.
Proposal 2: Support of GNSS as a synchronization reference is only required in a band indicated with only the PC5 interface.
Proposal 3: Support of gNB as a synchronization reference is only required in a band not indicated with only the PC5 interface.
Proposal 4: Support of SyncRef UEs as a synchronization reference is required of UEs that support SL reception. 
2.3 Number of SL Processes
The UE reports a maximum number of sideslink processes as part of Feature Groups 15-3, 32-4, and 32-4a. This number should be a maximum, and not the sum, across all features.
Proposal 5: If the UE reports support for more than one of FG 15-3, 32-4, and 32-4a, it supports up to the reported B value, not the total number of processes across those FGs.

2.4 PSFCH Reporting
RAN1 still needs to decide how to report the total number of supported PSFCHs transmissions and receptions and whether that value should combine PSFCH for the purpose of feedback and inter-UE coordination. The limitation on the maximum number of simulataneous PSFCH transmissions is an RF limitation, unrelated to why any PFSCH is transmitted. Similarly, the UE’s ability to support a maximum number of simultaneous PSFCH receptions is unrelated to the purpose of a PSFCH. Hence, the number of reported simultaneous PSFCH receptions and/or transmissions should be considered a maximum for the UE and the UE is not expected to support the sum of the reported M (or N) values. Moreover, there is no separate allocation for PFSCH for a specific purpose.
[bookmark: _Toc92794535]Proposal 6: The number of reported simultaneous PSFCH receptions and/or transmissions is considered a maximum, and not the sum, across the FGs, regardless of whether it is reported jointly or separately. The reported number(s) applies to the total of PFSCH operations for feedback and Scheme 2.

2.5 Inter-UE Coordination
It was agreed to use separate inter-UE coordination UE capabilities into at least two FGs: one for Scheme 1 and one for Scheme 2. The latter was further split into reception and transmission FGs; however, Scheme 1 still has a pending FFS on further splitting. The ability to utilize preferred resource information is unrelated to the ability to utilize non-preferred resources and target different scenario that need not be supported by the same device. Therefore, the FGs for Scheme 1 with preferred resource indication, for Scheme 1 with non-preferred resource indication should be separated. Moreover, a UE that utilizes coordination information does not necessarily need to be able to generate coordination information, for example, a low power device can utilize the preferred resource set to select resources but might not be performing sensing and would not be able to generate such a set. Hence, those two aspects are listed in separate FGs for each variant. 
[bookmark: _Toc92794536]Proposal 7: Scheme 1 with preferred resource is a separate FG from Scheme 1 with non-preferred resources.
[bookmark: _Toc92794537]Proposal 8: The capability to receive inter-UE coordination information is separate from the capability to generate and transmit inter-UE coordination information, at least for Scheme 1 with preferred resources.
RAN1 agreed to support reception of Scheme 1 inter-UE coordination using SCI-2 as an optional feature. We propose a new FG, FG 32-6, to incorporate this agreement into the UE feature list.
Agreement
For Scheme 1, a resource pool level (pre-)configuration can enable one of the following alternatives:
· Alt 1 (Working Assumption): MAC CE or 2nd SCI are used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· If [N <= 3], MAC CE is used and it is up to UE implementation to additionally use 2nd SCI. When 2nd SCI and MAC CE are both used, the same resource set is indicated in the 2nd SCI and the MAC CE. If [N > 3], only MAC CE is used.
· FFS: UE capability details
· 2nd SCI is UE RX optional
· Alt 2: MAC CE is used as the container of inter-UE coordination information transmission from UE A to UE B.
· For the indication of resource set, the following is supported:
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification. The value of resource reservation period is omitted at least when the transmission of preferred resource set is triggered by UE-B’s explicit request.
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· FFS: Whether/How to use resource reservation information as coordination information

Similarly, RAN1 agreed that reception of a request for inter-UE coordination over SCI-2 is optional. We introduce FG 32-7 to capture this agreement.
Agreement
For Scheme 1, a resource pool level (pre-)configuration can enable one of the following alternatives:
· (Working Assumption) Alt1: MAC CE and 2nd SCI are used as the container of an explicit request transmission from UE-B to UE-A
· A single format SCI 2-C is used for inter-UE coordination information and request
· 1 bit in format 2-C is used to indicate whether the SCI is used for request to coordination information or for conveying coordination information 
· SCI 2-C is UE RX optional
· It is up to UE implementation to additionally use 2nd SCI (for UE-B).
· Alt2: MAC CE is used as the container of an explicit request transmission from UE-B to UE-A


Lastly, RAN1 agreed to support the following condition for determining a conflict in Scheme 2 inter-UE coordination information as an optional feature. A new FG 32-8 is added to the table in the following section capturing this decision:
Working Assumption
A resource pool level (pre-)configuration can enable one of the following options: 
· Option 1:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for UE-B and other UE respectively
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for other UE and UE-B respectively
· Option 4:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of the resource(s). 
· Support of Option 4 is subject to UE capability
· FFS: Whether/how RSRP threshold depends on priority, MCS, overlap
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3. 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
	32-2
	Receiving NR sidelink of PSFCH/S-SSB 
	1) UE can receive NR PSFCH/S-SSB.
2) UE supports SyncRef UE as the synchronization reference according to the synchronization procedure.
3) UE supports GNSS UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to false.
4) UE can receive NR sidelink based on the synchronization to a gNB
5) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to gnbEnb if the UE supports components 2, 3, and 4.
6) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to true if the UE supports components 2, 3, and 4.

FFS whether other components will be included
	None
	[Yes]
	[No]
	
	[Per band]per FS
	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

Note: Component 3 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 4 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. 

	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. Up to B sidelink processes are supported.
2) UE can transmit PSSCH according to the normal 64QAM MCS table.
3) UE supports PT-RS transmission in FR2.
4) UE can perform periodic-based partial sensing and resource allocation operation.
5) UE can perform contiguous partial sensing and resource allocation operation.
6) UE can transmit using the subcarrier spacing and CP length defined for a given band in RAN4
8) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
10) UE can transmit using 30 kHz and normal CP subcarrier spacing in FR1, 120 kHz subcarrier spacing with normal CP FR2
11) DL pathloss based open loop power control when mode 2 is configured by NR Uu
12) UE supports SyncRef UE as the synchronization reference according to the synchronization procedure.
13) UE supports GNSS UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to false.
14) UE can receive NR sidelink based on the synchronization to a gNB
15) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to gnbEnb if the UE supports components 12, 13, and 14.
16) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to true if the UE supports components 12, 13, and 14.
FFS whether any other components should be added
	[TBD]
	[Yes]
	[No]
	UE does not support transmission according to the partial sensing and resource allocation
	[Per band]per FS
	N.A.
	N.A.
	N.A.
	Note: Random selection according to Rel-16 in the exceptional pool is supported.

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 B are {8,16}
B corresponds to the total number of SL processes if UE reports more than one FGs of 15-3, 32-4 and 32-4a
FFS how to define total SL processes if UE reports more than one FGs of 15-3, 32-4 and 32-4a

Note: Component 6 is not required to be signalled in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Component-6 candidate value set in FR1:
{{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
Component-6 candidate value set in FR2:
{{60 kHz}, {120 kHz}, {60, 120 kHz}}
Component-6 candidate value set for CP length: {NCP,NCP and ECP} 
(ECP only applies to SCS of 60 kHz)

Note: Component 10 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 11 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 13 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 14 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. 

	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. Up to B sidelink processes are supported.
2) UE can transmit PSSCH according to the normal 64QAM MCS table.
3) UE supports PT-RS transmission in FR2.
4) UE can transmit using the subcarrier spacing and CP length defined for a given band in RAN4
5) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
6) UE can transmit using 30 kHz and normal CP subcarrier spacing in FR1, 120 kHz subcarrier spacing with normal CP FR2
7) DL pathloss based open loop power control when mode 2 is configured by NR Uu
8) UE supports SyncRef UE as the synchronization reference according to the synchronization procedure if it supports sidelink reception.
9) UE supports GNSS UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to false.
10) UE can receive NR sidelink based on the synchronization to a gNB
11) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to gnbEnb if the UE supports components 8, 9, and 10.
12) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to true if the UE supports components 8, 9, and 10.

FFS whether any other components should be added
	[TBD]
	[Yes]
	[No]
	UE does not support transmission according to the random resource selection and resource allocation
	[Per band]
	N.A.
	N.A.
	N.A.
	Note: Random selection according to Rel-16 in the exceptional pool is supported.

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 B are {8,16}
B corresponds to the total number of SL processes if UE reports more than one FGs of 15-3, 32-4 and 32-4a
FFS how to define total SL processes if UE reports more than one FGs of 15-3, 32-4 and 32-4a

Note: Component 4 is not required to be signalled in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Component-4 candidate value set in FR1:
{{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
Component-4 candidate value set in FR2:
{{60 kHz}, {120 kHz}, {60, 120 kHz}}
Component-4 candidate value set for CP length: {NCP,NCP and ECP} 
(ECP only applies to SCS of 60 kHz)

Note: Component 6 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 7 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 9 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 10 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.

	32. NR_SL_enh
	32-5a
	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 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].
FFS whether/how to split FG 32-5a into multiple FGs
	[TBD]
	[Yes]
	[Yes]
	UE does not support inter-UE coordination scheme 1 in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling.

	32. NR_SL_enh
	32-5a
	Inter-UE coordination preferred resource transmission
	1) UE can generate and transmit inter-UE coordination information of preferred resource set in NR sidelink mode 2.
2) UE can receive an explicit request for inter-UE coordination information
	None
	Yes
	Yes
	
	Per FS
	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

	32. NR_SL_enh
	32-5b
	Inter-UE coordination preferred resource reception
	1) UE can receive inter-UE coordination information of preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.
2) UE can transmit an explicit request for inter-UE coordination information
	None
	Yes
	Yes
	
	Per FS
	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

	32. NR_SL_enh
	32-5c
	Inter-UE coordination non-preferred resource transmission
	1) UE can generate and transmit inter-UE coordination information of non-preferred resource set in NR sidelink mode 2.

	None
	Yes
	Yes
	
	Per FS
	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

	32. NR_SL_enh
	32-5d
	Inter-UE coordination preferred nonresource reception
	1) UE can 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.

	None
	Yes
	Yes
	
	Per FS
	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

	32. NR_SL_enh
	32-5b-1
	Transmitting Inter-UE coordination scheme 2 in NR sidelink mode 2
	1) UE can transmit inter-UE coordination information of presence of expected/potential resource conflict in NR sidelink mode 2.

	32-5b-2, TBD
	[Yes]
	[Yes]
	UE does not support transmitting inter-UE coordination scheme 2 in NR sidelink mode 2.
	[Per band]per FS
	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.

	32. NR_SL_enh
	32-5b-2
	Receiving Inter-UE coordination scheme 2 in NR sidelink mode 2
	1) UE can 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.
	[TBD]None
	[Yes]
	[Yes]
	UE does not support receiving inter-UE coordination scheme 2 in NR sidelink mode 2.
	[Per band]per FS
	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.

	32. NR_SL_enh
	32-6
	Reception of Scheme 1 inter-UE coordination information over 2nd SCI
	1) UE can receive transmissions with SCI format 2-C that include inter-UE coordination information.
	None
	No
	No
	
	Per FS
	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

	32. NR_SL_enh
	32-7
	Reception of Scheme 1 inter-UE coordination request over 2nd SCI
	1) UE can receive transmissions with SCI format 2-C that include a request for inter-UE coordination information.
	None
	No
	No
	
	Per FS
	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

	32. NR_SL_enh
	32-8
	Determination of expected conflcit in Scheme 2 based on RSRP difference
	1) UE can determine a conflict for overlapping resource reservation between UE-B and another UE based on RSRP difference of the two reservations
	None
	No
	No
	
	Per FS
	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



Conclusion
In addition to the changes in Section 23, we proposed the following:
Proposal 1: UE features for sidelink enhancements are defined per featureset.
Proposal 2: Support of GNSS as a synchronization reference is only required in a band indicated with only the PC5 interface.
Proposal 3: Support of gNB as a synchronization reference is only required in a band not indicated with only the PC5 interface.
Proposal 4: Support of SyncRef UEs as a synchronization reference is required of UEs that support SL reception. 
Proposal 5: If the UE reports support for more than one of FG 15-3, 32-4, and 32-4a, it supports up to the reported B value, not the total number of processes across those FGs.
Proposal 6: The number of reported simultaneous PSFCH receptions and/or transmissions is considered a maximum, and not the sum, across the FGs, regardless of whether it is reported jointly or separately. The reported number(s) applies to the total of PFSCH operations for feedback and Scheme 2.
Proposal 7: Scheme 1 with preferred resource is a separate FG from Scheme 1 with non-preferred resources.
Proposal 8: The capability to receive inter-UE coordination information is separate from the capability to generate and transmit inter-UE coordination information, at least for Scheme 1 with preferred resources.
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