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Introduction
In this contribution, we propose a set of UE features for NR Sidelink Evolution based on the list provided by the feature leads and RAN1 agreements.
A feature list capturing the proposals is provided in Section 3.

1. NR Sidelink in Unlicensed Spectrum
NR sidelink over unlicensed spectrum can be used in bands n46 and 96/n102 based on regulatory constraints. Sidelink transmissions can be performed after dynamic channel access. 
Proposal: UE features for SL-U for channel access are defined per feature set.
On FG 47-k2, it is noted that in draft in RAN1 #114bis it was agreed that component 1 can be used for PSCCH/PSSCH/PSFCH/S-SSB. Therefore Components 1 is modified accordingly. 
Proposal: On FG 47-k2, component 1 can be used for any SL transmission (PSCCH/PSSCH/PSFCH/S-SSB).
Mode 2 resource selection enhancements to support MCSt is agreed in RAN1. UE features for selecting resources over consecutive slots should be supported.
Proposal: UE features for SL-U for resource (re-)selection for MCSt in Mode 2 operations are defined per feature set.
Multi-channel access based on NR-U DL procedures (partial transmissions allowed in procedure for Type A and Type B are specified in TS 37.213) is supported for PSFCH. If no additional UE features are specified, one interpretation could be that all UEs need to support the following for PSFCH waveform preparation, that is undesirable:
· Preparing multiple waveforms for transmission on a subset of the target set of RB sets based on multiple hypotheses of LBT success (for minimal capability of 4 PSFCH in one slot, if these are spread on 4 RB sets, it requires 15 hypotheses for waveforms).
· Preparing waveforms spanning non-contiguous RB sets.
Transmitting a subset of a broader set of RB sets based on the outcome of channel access on individual RB sets () might require a new UE feature. Transmitting on a non-contiguous set of RB sets might require a new UE feature.
Proposal: UE features for SL-U for transmitting on a subset of the intended number of RB sets based on the outcome of channel access on individual RB sets are defined per band. 
Proposal: UE features for SL-U for transmitting on a non-contiguous set of RB sets are defined per band. 
Moreover, when multiple PSFCH transmission in a slot are supported, the PSFCH resources may potentially occupies different interlaces in different RB-sets from the predetermined PSCCH/PSSCH to PSFCH mapping rules which results in high PAPR. It may be beneficial for transmit UE to limit the number of RB-sets that the multiple PSFCH transmissions can be in and drop some PSFCH transmissions when the multiple PSFCHs occupy more the max number of RB-sets than it can support.
Proposal: UE feature of supporting a max number of RB sets for multiple PSFCH transmissions in a slot is defined per band.
To allow SL-U Tx UE to transmit as early possible after clearing the LBT, Tx UE transmitting PSCCH/PSSCH from either of the two preconfigured starting symbols, and the Rx UE monitoring and receiving PSCCH/PSSCH from two preconfigured starting symbols are UE features. This feature requires additional processing on the transmitter/receiver UE side to transmit/monitor both potential starting locations, hence we propose to make them per FS.
Proposal: UE feature for SL-U Tx UE to transmit PSCCH/PSSCH from either of the two preconfigured starting symbols are defined per FS.
Proposal: UE feature for SL-U Rx UE to monitor and receive PSCCH/PSSCH from two preconfigured starting symbols are defined per FS.
Interlaced waveform is a basic feature for SL-U. Additionally, the transmission and reception with contiguous waveform should be supported. 
Proposal: UE features for contiguous PSCCH/PSSCH/PSFCH waveform transmission and reception are defined per band.
S-SSB transmission and reception on additional S-SSB candidate occasions are new features supported in unlicensed band. 
Proposal: UE feature of S-SSB monitoring and detection on additional S-SSB candidate occasion is defined per feature set.
S-SSB synchronization is already achieved in NR SL FG 32-2b. Therefore, no additional UE features for S-SSB reception are introduced in R18.
Proposal: Additional UE features for S-SSB reception are not supported in R18.
PSFCH transmission and reception on multiple PSFCH candidate occasions are new features supported in unlicensed band. 
Proposal: UE feature of PSFCH transmission on multiple PSFCH candidate occasions is defined per band.
Proposal: UE feature of PSFCH detection on multiple PSFCH candidate occasions is defined per feature set.
The Rel-16 sidelink UE complexity for PSFCH transmission(s) and reception(s) depends on the number PSFCHs in a slot since the legacy PSFCH is consisted of 1RB. In SL-U, a PSFCH is no longer necessarily one RB. In fact both full interlace PSFCH and common interlace plus K3 A/N or conflict indication carrying RBs waveforms are supported. The UE complexity for the transmission and reception of different PSFCH waveforms with different K3 values would vary. UE configured with larger K3 RBs value for A/N or conflict indication may not be able to support transmitting/receiving the same number of PSFCHs in a slot as when it is configured with a smaller number of A/N or conflict indication RBs.
Proposal: Introduce a UE feature to signal the maximum number of RBs supported for PSFCH(s) transmission in a slot.
Proposal: Introduce a UE feature to signal the maximum number of RBs supported for PSFCH(s) reception in a slot.
Proposal : Adopt the UE feature list provided in Section 3.

2. NR Sidelink and LTE Sidelink Cochannel Coexistence
The remaining issues of the UE features to support NR sidelink and LTE sidelink dynamic cochannel coexistence are on the pre-requisites for the FG, type of the FG and additional notes associated with the FG. 
Proposal : UE feature group for sidelink cochannel coexistence is defined per-band.
Further, we note that to support dynamic cochannel coexistence, the UE only needs to be able to sense the LTE channel. Hence, the support of mode 4 EUTRA communication, which includes both transmission and reception capabilities over LTE SL, should not be a pre-requisite for supporting NR SL dynamic cochannel coexistence.
Proposal : Remove note on the support of EUTRA mode 4 sidelink.
3. NR Sidelink Carrier Aggregation
NR sidelink Rel. 18 intra-band carrier aggregation is supported in the n47 band. Next, we note that for uplink carrier aggregation, the UE features were defined per-feature set. Maintaining concurrency with UL and noting the fact that the SL CA UE features are contingent upon FG 15-1 and 15-2, the SL CA UE features should be defined per-feature set.
Proposal : UE features for sidelink CA are defined per feature set.
A Rel. 18 UE supporting SL CA may be able to transmit and receive PSSCH/PSCCH over one or multiple component carriers in one slot based on mode 2 resource allocation. The maximum number of component carriers over which the UE can simultaneously transmit is indicated by the UE and may be equal to 2.
Proposal : Possible values for the maximum number carriers over which UE may simultaneously transmit or receive PSSCH/PSFCH is {2}.
The Rel. 18 UE may also indicate if it supports one or all carriers from the set of synchronization carriers, Set-B, over which it can simultaneously transmit and simultaneous receive S-SSB.
Proposal : A Rel. 18 UE indicates if it can simultaneously transmit S-SSB and simultaneously receive S-SSB per from one or all the synchronization carriers in Set B.


3. Proposed UE feature list
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47. NR_SL_enh2

	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

	47. NR_SL_enh2
	47-k1
	SL channel access for dynamic channel access mode
	UE supports
1. SL Type 1 channel access and contention window size adjustment
2. SL Type 2A channel access
3. SL Type 2B channel access
4. SL Type 2C channel access
5. 20MHz LBT bandwidth
6. CP extension up to 1 symbol in 15kHz SCS if the UE supports 15 kHz SCS
7. CP extension up to 2 symbols in 30kHz SCS
[8. CP extension up to 2 symbols if the UE supports 60kHz SCS]
9. Monitoring SCI to read COT sharing information
10. UE supports transmitting NR SL based on COT sharing information subject to COT sharing conditions

FFS whether to merge with 47-k3
	At least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	No
	UE does not support channel access for NR sidelink operation in shared spectrum.
	[Per band]
Per FS
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling


[For UE supports NR SL in unlicensed spectrum where shared spectrum channel access must be used, UE must indicate this FG is supported]

	47. NR_SL_enh2
	47- k2
	SL multi-channel access for dynamic channel access mode
	1. UE supports multi-channel access procedures for PSCCH/PSSCH/PSFCH/S-SSB transmission in multiple RB sets
2. UE supports Type A and Type B multi-channel access procedures for concurrent PSFCH transmissions in multiple RB sets
[3. UE supports Type A and Type B multi-channel access procedures for concurrent S-SSB transmissions in multiple RB sets]
4) UE supports multi-channel access procedure on N channel(s) with 20MHz LBT bandwidth for each channel. Candidate values of N: {2, 3, 4, 5}

	47-k1, 15-11, and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	[No]
	UE does not support multi-channel access in dynamic channel access mode for NR sidelink operation in shared spectrum.
	[Per band / Per UE or Per FS (for 20MHz BW only UE)]
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling

	47. NR_SL_enh2
	47-k2b
	Transmission of PSFCHs on a subset of the target set of RB sets based on channel access outcome
	1. UE supports transmitting different PSFCHs on a subset of the RB sets on which Type A or Type B channel access is performed based on the channel access outcome on each RB set. 

	
	No
	No
	UE only support transmitting on all the RB sets according to a multi-channel access procedure.
	Per band
	n/a
	n/a
	
	The FG is only expected for a band where shared spectrum channel access must be used.
	Optional without capability signalling

	47. NR_SL_enh2
	47-k2c
	Transmission of PSFCHs on a non-contiguous set of RB sets
	1. UE supports transmitting different PSFCHs on a set of non-contiguous RB sets.

	
	No
	No
	UE does not support transmitting PSFCHs on a non-contiguous set of RB sets.
	Per band
	n/a
	n/a
	
	This FG is only expected for a band where shared spectrum channel access must be used.
	Optional without capability signalling.

	47. NR_SL_enh2
	47-k2d
	Transmissions of PSFCHs on multiple RB sets
	1. UE supports transmitting different PSFCHs transmissions on K RB sets.
	
	Yes
	No
	UE transmit only on a single RB set.
	Per band
	n/a
	n/a
	
	The range of values for K is {1, 2, 3, 4, 5}

The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling.

	47. NR_SL_enh2
	47- k3
	Receiving UE to UE COT sharing information
	[1. UE supports monitoring SCI to read COT sharing information]

2. UE supports transmitting NR SL based on COT sharing information subject to COT sharing conditions

FFS whether to merge with 47-k1
	47-k1, 15-1, and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	No
	[No]
	UE does not support UE-to-UE COT sharing for NR sidelink operation in unlicensed spectrum.
	Per band
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	[Optional with capability signalling]

[For UE supports NR SL in unlicensed spectrum where shared spectrum channel access must be used, UE must indicate this FG is supported]

	47. NR_SL_enh2
	47-k4
	Transmitting UE to UE COT sharing information
	1. UE supports using ue-toUE-COT-SharingED-Threshold for Type 1 channel access for UE to UE COT sharing
2. UE supports indicating in SCI COT sharing information
	47-k1 and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	No
	[No]
	UE does not support UE-to-UE COT sharing for NR sidelink operation in unlicensed spectrum.
	Per band
	n/a
	n/a
	
	The FG is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling

	47. NR_SL_enh2
	47-k6
	Type1 LBT blocking Option 1
	UE supports
1. avoid selection of N consecutive resource(s) before a reserved resource when the L1 SL priority value for the transmission is higher than the L1 SL priority value of the reserved resource. It is up to UE whether to do it
2. avoid selection of M consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource. It is up to UE whether to do it
	47-k1 and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	No
	UE does not support Type1 LBT blocking Option 1
	Per band
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling

	47. NR_SL_enh2
	47-k7
	Type1 LBT blocking Option 2
	UE supports
1. If transmission in slot(s) before a reserved resource is able to share its initiated COT to the reservation [when the L1 SL priority value for the transmission is higher than the L1 SL priority value of the reserved resource], UE  prioritize / select resource(s) in the slot(s) for transmission. It is up to UE whether to do it
	47-k1 and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	No
	UE does not support Type1 LBT blocking Option 2
	Per band
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling

	47. NR_SL_enh2
	47-k8
	MCSt
	UE supports resource (re-)selection for transmission of different PSCCH/PSSCH(s) on multiple consecutive slots.

	
	Yes
	No
	UE does not support resource (re-)selection multi-consecutive slots transmission
	Per FS
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.

	Optional with capability signalling

	47. NR_SL_enh2
	47-m1
	Interlace RB-based SL transmission/reception
	1. UE supports interlace RB-based SL transmissions for the physical layer channels that it is capable of transmit
2. UE supports interlace RB-based SL receptions for the physical layer channels that it is capable of receive
	47-k1, at least one of [15-25 except Component 3 and 4 in 15-2] and [15-3 except Component 3]
	Yes
	No
	UE does not support Interlace RB-based PSCCH/PSSCH/PSFCH transmission/reception
	Per band
	N/A
	N/A
	
	This is the basic FG for NR sidelink in shared spectrum, where PSD and/or OCB requirements are defined by regulation.

The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling

For UE supports NR sidelink in shared spectrum, where PSD and/or OCB requirements are defined by regulation, UE must indicate this FG is supported.

	47. NR_SL_enh2
	47-m1b
	Contiguous RB-based SL transmission/reception
	1. UE supports contiguous RB-based SL transmissions for the physical layer channels that it is capable of transmit
2. UE supports contiguous RB-based SL receptions for the physical layer channels that it is capable of receive


	
	Yes
	No
	UE does not support Contiguous RB-based PSCCH/PSSCH/PSFCH transmission/reception
	Per band
	N/A
	N/A
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling


	47. NR_SL_enh2
	47-m3
	Transmitting PSCCH/PSSCH from 2nd starting symbol in a slot 
	1. UE supports transmitting PSCCH/PSSCH from 2nd starting symbol in a slot in addition to the first starting symbol
	47-k1, at least one of [15-25 except Component 3 and 4 in 15-2] and [15-3 except Component 3]
	No
	No
	UE transmits PSCCH/PSSCH only from 1st starting symbol in a slot
	Per band
Per FS
	N/A
	N/A
	
	The FG is only expected for a band where shared spectrum channel access must be used.
	Optional without capability signalling

	47. NR_SL_enh2
	47-m4
	Receiving PSCCH/PSSCH from 2nd starting symbol in a slot 
	1. UE supports receiving PSCCH/PSSCH transmitted from 2nd starting symbol in a slot in addition to the first starting symbol when it is not receiving a PSCCH/PSSCH transmitted from 1st starting symbol
2. UE can monitor a total up to X PSCCHs in a slot in the 1st and 2nd starting symbols

	[15-1 except Component 5]
	Yes
	No
	UE receives PSCCH/PSSCH transmitted only from 1st starting symbol in a slot
	Per band
Per FS
	N/A
	N/A
	
	[This is the basic FG for NR sidelink in unlicensed spectrum.]

The value X is the same as the reported value in FG 15-1

The signaling is only expected for a band where shared spectrum channel access must be used.
	[Optional with capability signalling]

[For UE supports NR sidelink in unlicensed spectrum, UE must indicate this FG is supported.]

	47. NR_SL_enh2
	47-m5
	Multiple PSFCH occasions per PSCCH/PSSCH
	1. UE supports PSFCH transmission/reception on N PSFCH occasion(s) per PSCCH/PSSCH
	15-11, 47-k1
	Yes
	No
	UE supports only one PSFCH occasion per PSCCH/PSSCH transmission
	Per band
Per FS
	N/A
	N/A
	
	Candidate values for N are {1,2,3,4}

The signaling is only expected for a band where shared spectrum channel access must be used.
	Optional with capability signalling

	47. NR_SL_enh2
	47-m6
	Transmitting SSB repetitions within one RB set
	1. UE supports transmitting S-PSS/S-SSS/PSBCH multiple N times by repetition in frequency domain within one RB set

FFS whether to define the supported maximum number of repetitions in frequency domain within one RB set

FFS whether/how to introduce Rx capability 
	15-4, 47-k1
	No
	No
	UE does not support transmitting S-PSS/S-SSS/PSBCH multiple times by repetition in frequency domain within one RB set
	Per band
	N/A
	N/A
	
	This is the basic FG for NR sidelink in shared spectrum where PSD and/or OCB requirements are defined by regulation.

[It is up to UE implementation whether S-SSB RX UE monitors more than one S-SSB repetition in frequency domain within one RB set as long as RAN4 requirements are satisfied]

Candidate values for N are {2, 3, 4, 5, …, 9}

[The FG is only expected for a band where shared spectrum channel access must be used.]
	Optional without capability signalling
For UE supports NR sidelink in unlicensed spectrum where PSD and/or OCB requirements are defined by regulation, UE must support this FG.

	47. NR_SL_enh2
	47-m8
	Transmitting S-SSB on additional S-SSB occasion(s)
	1. UE supports transmitting S-SSB on additional S-SSB occasion(s)

FFS whether/how to introduce Rx capability
	15-4, 47-k1
	No
	No
	UE does not support transmitting S-SSB on additional S-SSB occasion(s)
	Per band
	N/A
	N/A
	
	The FG is only expected for a band where shared spectrum channel access must be used.
	[Optional without capability signalling]




	47. NR_SL_enh2
	47-m8b
	Receiving S-SSB on additional S-SSB occasion(s)
	1. UE supports receiving S-SSB on additional S-SSB occasion(s)


	
	No
	No
	UE does not support receiving S-SSB on additional S-SSB occasion(s)
	Per FS
	N/A
	N/A
	
	The FG is only expected for a band where shared spectrum channel access must be used.
	Optional without capability signalling




	47. NR_SL_enh2
	47-m9a
	Transmission of multiple PSFCHs 
	UE can transmit PSFCH(s) on up to a total of K RBs additionally to the common interlace RBs in a slot. 
	
	No
	No
	UE only supports transmissions of up to M RBs where M is the number of supported simultaneous PSFCH transmissions
	Per band
	N/A
	N/A
	
	The maximum value is K={M,…,20}, where M is the number of supported simultaneous PSFCH transmission.

The FG is only expected for a band where shared spectrum channel access must be used.
	Optional without capability signalling.

	47. NR_SL_enh2
	47-m9b
	Reception of multiple PSFCHs 
	UE can receive PSFCH(s) on up to a total of L RBs additionally to the common interlace RBs in a slot.
	
	No
	No
	UE only supports reception of up to N RBs where N is the number of supported simultaneous PSFCH reception
	Per band
	N/A
	N/A
	
	The maximum value is L={N,…,20, where N is the number of supported simultaneous PSFCH reception.

The FG is only expected for a band where shared spectrum channel access must be used.
	Optional without capability signalling.

	47. NR_SL_enh2
	47-s1
	Transmission/Reception using dynamic resource pool sharing 
	1) Avoidance of NR PSCCH/PSSCH/PSFCH overlapping with EUTRA SL resources in dynamic resource pool sharing using LTE sidelink resource reservation information in NR mode2 resource (re)selection

2) UE supports NR sidelink TXs and RXs in 15kHz and 30kHz SCSs and uses the SCS that is (pre)configured for a SL BWP. 
	[15-3, 15-6, 15-11]
	Yes
	No
	UE does not support transmission/reception using dynamic resource pool sharing
	[ Per band ]  
	N/A
	N/A
	
	[UE supports EUTRA mode 4 SL in the same band]

Component 2 does not imply that two different SCSs can be (pre)configured simultaneously in a SL BWP
	Optional with capability signalling

	47. NR_SL_enh2
	47-v1
	NR SL communication with SL CA
	1) UE supports transmitting/receiving PSCCH/PSSCH/PSFCH simultaneously over multiple X SL carriers.: FFS candidate values for X
FFS whether UE to report the following
· Maximum number of simultaneous PSCCH/PSSCH TX/RX, equal to X and at most 1 per carrier.
· UE can decode Z PSCCH in a slot across all carriers.
· Maximum number NRB,PSSCH of non-overlapping RBs per slot across all carriers the UE can attempt to decode for PSSCH

2) UE can adjust the transmission power of the PSCCH/PSSCH/PSFCH across aggregated carriers such that its total transmission power does not exceed the maximum transmission power.

FFS whether/how to merge FG for SL-CA
	[15-3, 15-11]
	Yes
	No
	
	[Per band]

Per FS
	N/A
	N/A
	
	Candidate value of X = {2}

Component-1 candidate value set for Z: {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}

Note:
NRB is the number of RBs defined per channel bandwidth by RAN4 in 38.101-1 Table 5.3.2-1 for FR1 and 38.101-2 Table 5.3.2.-1 for FR2 

	Optional with capability signalling

	47. NR_SL_enh2
	47-v2
	Synchronization for SL CA with single or multiple carrier S-SSB transmission/reception
	1) UE supports transmitting/receiving S-SSB on [ one selected or ] all SL synchronization carrier with the same sync reference from Set-B
FFS whether to report followings
· Maximum number X of simultaneous S-SSB TX
· Maximum number of simultaneous S-SSB RX

2) UE can adjust the transmission power of the S-SSB across aggregated carriers such that its total transmission power does not exceed the maximum transmission power.

FFS whether/how to merge FG for SL-CA
	47-v1, [15-4]
	Yes
	No
	
	[Per band]

Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	47. NR_SL_enh2
	47-v3
	PSFCH for SL CA
	1) UE supports receiving up to X PSFCH resources in a slot over multiple SL carriers
2) UE supports transmitting up to Y PSFCH resources in a slot over multiple SL carriers

[3) UE can adjust the transmission number of PSFCH across aggregated carriers such that its total transmission number does not exceed the maximum transmission power.]

FFS whether/how to merge FG for SL-CA
	47-v1, [15-11]
	Yes
	No
	
	[Per band]

Per FS
	N/A
	N/A
	
	Candidate values for X are {5, 15, 25, 32, 35, 45, 50, 64}

Candidate values for Y are {4, 8, 16}
	Optional with capability signalling
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