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1. Introduction
The design of UE features for Rel-17 NR sidelink enhancement was discussed in RAN1#106bis-e. In this contribution, we provide our view on the Rel-17 NR sidelink enhancement UE features, based on the preliminary RAN1 UE features lists in [1][2]. The preliminary UE features of Rel-17 NR sidelink enhancement are listed in A1 and A2 for NR and LTE, respectively.

2. Discussion 
2.1. Tx/Rx capabilities for pedestrian UE 
In Rel-16, only vehicle UE (VUE) is supported for sidelink. In Rel-17, power limited UE, such as pedestrian UE (PUE), is supported additionally, which is considered less powerful compared with VUE in sidelink operation. It has been agreed that different Tx capabilities may be supported for PUE as follow:
	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})


On the other hand, the views on Rx capabilities were diverse. In our view, it is necessary to support NR sidelink UE without Rx capability. Such kind of sidelink UE has already been supported from LTE, and has clear market requirement (i.e., at least for automotive use case such as VRU). How to represent this kind of UE can be further studied, e.g., by reporting the UE type (similarly to the RedCap UE), etc.
[bookmark: _Ref86776111]Proposal 1: NR Sidelink UE has no sidelink Rx capability should be supported in Rel-17.
On the other hand, supporting reception of PSFCH is beneficial of achieving higher reliability, while reception of S-SSB is beneficial for SL operation in some scenario out of the coverage of sync source such as GNSS. Nevertheless, the support of PSFCH and S-SSB reception requires an additional RX chain, which should be decided by the UE and indicated to the network. 
[bookmark: _Ref86776113]Proposal 2: Rel-17 should support the UE to report the Rx capability of PSFCH and/or S-SSB reception.
Furthermore, unlike the Rel-16 VUE, a PUE supporting random selection and/or partial sensing should not be mandated to support S-SSB transmission, even if it has the Rx capability of S-SSB.
[bookmark: _Ref86776115]Proposal 3: A Rel-17 PUE (i.e., supporting random selection and/or partial sensing) should not be mandated to support S-SSB transmission, even if it has the Rx capability of S-SSB.

2.2. R16 basic feature group for Rel-17 pedestrian UE 
In Rel-16, the following UE features are defined as basic UE feature group for NR sidelink, i.e., should be indicated as “support” by UE if it supports NR sidelink:
	15-1
	Receiving NR sidelink 
	1) UE can receive NR PSCCH/PSSCH. Up to a total of A sidelink HARQ processes across all links are supported.
2) UE can receive X PSCCH in a slot.
3) UE can attempt to decode Y= NRB non-overlapping RBs per slot 
4) UE supports reception of PSSCH according to the 64QAM MCS table 
5) UE supports PT-RS reception in FR2.
8) UE can receive using the subcarrier spacing and CP length defined for a given band in RAN4
10) 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.
12) UE can receive using 30 kHz subcarrier spacing with normal CP in FR1, 120 kHz subcarrier spacing with normal CP FR2

	15-2
	Transmitting NR sidelink mode 1 scheduled by NR Uu[footnoteRef:1] [1:  Only for licensed band] 

	1) UE can transmit PSCCH/PSSCH using dynamic scheduling or configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu. Up to 8 configured grants can be configured for a UE. Up to C sidelink HARQ processes are supported including those for configured grants
2) UE can transmit PSSCH according to the normal 64QAM MCS OFDM table.
3) UE supports PT-RS transmission in FR2.
4) UE can monitor DCI format 3_0 for NR sidelink dynamic scheduling and configured grant type 2 on the same carrier as sidelink.
6) UE can transmit using the subcarrier spacing and CP length it reports.
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.
9) Support downlink pathloss based open loop power control
11) UE can report sidelink HARQ-ACK to gNB via PUCCH and PUSCH when it is operating in NR sidelink mode 1

	15-3
	Transmitting NR sidelink mode 2 
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 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 mode 2 sensing and resource allocation operations
6) UE can transmit using the subcarrier spacing and CP length it reports for FG 15-1
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

	15-4
	Synchronization sources for NR sidelink
	1) UE can receive S-SSB in NR sidelink if it supports 15-1.
2) UE can transmit S-SSB in NR sidelink if it supports 15-2 or 15-3.
3) UE supports GNSS and SyncRef 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 transmit or receive NR sidelink based on the synchronization to an 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.
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.


	15-5
	Sidelink congestion control
	1) UE can report CBR measurement to gNB when operating in Mode 1 and mode 2 
2) UE can adjust its radio parameters based on CBR measurement and CRlimit.
3) UE can process CBR and CR within the time it indicates

	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

	15-23
	Support of open loop SL power control and RSRP report
	1) Support sidelink pathloss based open loop power control and RSRP report in case of unicast



The first question should be clarified is that, whether these Rel-16 basic UE features are still considered as mandatory features for Rel-17 sidelink UE, especially for pedestrian UE. The problem is that some of these features (or sub-features), such as full sensing or PSCCH/PSSCH reception as highlighted above, may not be supported by pedestrian UE. There are several approaches to support pedestrian UE in Rel-17:
· Alt-1: The Rel-16 basic FGs are not mandatory for Rel-17 PUE.
· Alt-2: Introduce Rel-17 UE feature to indicate which Rel-16 basic FG is not supported by the PUE.
· Alt-3: Introduce new basic FG that overrides Rel-16 basic FG.
Alt-1 seems to be the most simple and straightforward solution, if the network can properly handle the case where the Rel-17 UE does not report FG that is mandatory in Rel-16. Additionally, Alt-1 may have problem for the FG where only some components are not applicable (e.g., 15-3). 
Alt-2 seems to have less spec impact, but it seems to be not aligned with the following RAN2 guidance [3]:
	1	Avoid defining “incapability” bits as they may cause interpretation issues
The definition of the capability should not say that “a UE setting the bit does not support Rel-16 feature X”. Such statements caused a lot of problems in Rel-15. One example was the pucch-F0-2WithoutFH that indicates that “the UE does not support PUCCH formats 0 and 2 without frequency hopping”. 


Alt-3 may have large specification impacts, and may even have impact to Rel-16 UE implementation. 
Although it seems none of the alternatives is the perfect solution, Alt-1 seems to be the choice given the cons and pros.
[bookmark: _Ref53755294]Proposal 4: Rel-17 SL UE is not mandated to support all Rel-16 SL basic FGs.

2.3. Inter-UE coordination
There are two schemes (and probably several sub schemes) are being discussed for inter-UE coordination [4]. It is preferable to have separate UE features for different inter-UE coordination schemes, considering that these schemes are targeting different scenarios. More specifically, three FGs should be defined for inter-UE coordination respectively, such as scheme 1 with preferred resource set, scheme 1 with non-preferred resource set, and scheme 2.
[bookmark: _Ref53755290]Proposal 5: Separate UE features are defined for different inter-UE coordination schemes, including scheme 1 with preferred resource set, scheme 1 with non-preferred resource set, and scheme 2, respectively.

2.4. LTE UE feature
The Rel-17 NR sidelink enhancement only targets NR specific enhancements. There is no impact to LTE sidelink, nor any LTE/NR sidelink interaction. Consequently, there should not be any impact to a Rel-17 UE supports LTE sidelink only. For a Rel-17 UE supports both LTE sidelink and enhanced NR sidelink, it should report the Rel-17 related UE features in NR sidelink only. Therefore, in our view the Rel-17 NR sidelink enhancement should have no impact to LTE UE feature.
[bookmark: _Ref83655189]Observation 1: The Rel-17 NR sidelink enhancement WI has no impact to LTE UE feature.

3. Conclusion
In the contribution, we provide our view on UE features for NR sidelink enhancement WI, with the following proposals and observation:
Proposal 1: NR Sidelink UE has no sidelink Rx capability should be supported in Rel-17.
Proposal 2: Rel-17 should support the UE to report the Rx capability of PSFCH and/or S-SSB reception.
Proposal 3: A Rel-17 PUE (i.e., supporting random selection and/or partial sensing) should not be mandated to support S-SSB transmission, even if it has the Rx capability of S-SSB.
Proposal 4: Rel-17 SL UE is not mandated to support all Rel-16 SL basic FGs.
Proposal 5: Separate UE features are defined for different inter-UE coordination schemes, including scheme 1 with preferred resource set, scheme 1 with non-preferred resource set, and scheme 2, respectively.

Observation 1: The Rel-17 NR sidelink enhancement WI has no impact to LTE UE feature.
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A1 NR feature list 

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

	32. NR_SL_enh
	32-3
	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.
	
	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]
	[Yes]
	[No]
	UE does not support trasmissoin according to the partial sensing 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 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 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]
	[Yes]
	[Yes]
	UE does not support inter-UE coordination in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. 



A2 LTE feature list 



	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the eNB to know if the feature is supported
	[Need for the UE to know if the feature is supported (only for V2X WI, where the PC5-RRC capability signalling is delivered between the UEs)]
	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
	Capability interpretation for mixture of FDD/TDD
	Note
	Mandatory/Optional

	4. [NR_SL_enh]
	4-1
	[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.
	
	Optional with capability signalling.
FFS: For UE supports LTE Uu configuring NR sidelink, UE must indicate this FG is supported.

	
	4-2
	[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.
	
	Optional with capability signalling.
FFS: For UE supports LTE Uu configuring NR sidelink, UE must indicate this FG is supported.

	
	4-3
	Transmitting NR sidelink mode 2 with full sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with full sensing configured by LTE Uu.
2) UE supports the sensing and resource allocation operation as specified in Rel-16.
	[4-1]
	[Yes]
	[No]
	[UE can perfom random resource selection only]
	[Per band]
	N.A.
	N.A.
	
	Optional with capability signalling.
FFS: For UE supports LTE Uu configuring NR sidelink, UE must indicate this FG is supported.

	
	4-4
	Transmitting NR sidelink mode 2 with partial sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with partial sensing configured by LTE Uu.
2) UE can perform periodic-based partial sensing and resource allocation operation.
3) UE can perform contiguous partial sensing and resource allocation operation.
	[4-1], [4-3]
	[Yes]
	[No]
	UE does not support trasmissoin according to the partial sensing and resource allocation
	[Per band]
	N.A.
	N.A.
	
	Optional with capability signalling.
FFS: For UE supports LTE Uu configuring NR sidelink, UE must indicate this FG is supported.

	
	4-5
	Inter-UE coordination 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 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].
	[4-1]
	[Yes]
	[Yes]
	UE does not support inter-UE coordination in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	
	Optional with capability signalling.
FFS: For UE supports LTE Uu configuring NR sidelink, UE must indicate this FG is supported.



