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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As Rel-16 work is getting close to completion, RAN1 has started the discussion on the UE features. V2X and sidelink standardization is a new area of NR in Rel-16, and, as, such, significant decisions need to be taken in Athens.
In this contribution, we discuss the concept of "basic functionality" for V2X and propose to add an additional feature for V2P support and public safety support. 
 
Discussion
Basic feature group
The list of features from email discussion [98b-NR-UEfeatures] is given in Table 1 in the Appendix. As it can be seen, all features are listed as “optional” (as it is not mandatory to support V2X) and it is proposed to have 15-1 as the basic FG which must be supported if sidelink is supported.  There are limitations with only having 15-1 as a basic feature for V2X:
Having all features “optional” for V2X UEs could lead to market fragmentation where each manufacturer implements a different set of features.
It would help adoption of the V2X in the industry to have a larger basic set agreed by all to ensure that all V2X UEs can operate with functionalities to support advanced V2X services
V2X UEs should not be allowed to ignore or not support features for network control
Therefore, we propose to define a basic feature group for NR V2X that contains more than 15-1.
The basic feature group should at least contain the following features:
15-1: Receiving NR sidelink mode 1 and 2. This is a pre-requisite for all devices operating on the sidelink in Rel-16.
15-2 and 15-3: Transmitting NR sidelink mode 1 scheduled by NR Uu and Transmitting NR sidelink mode 2 configured by NR Uu. Both modes should be supported by all UEs in Rel-16 in the basic FG: mode-1 operation is expected to be necessary to support advanced services when in coverage, and to ensure that operators can benefit and deploy advanced V2X services. Mode 2 is necessary for at least out-of-coverage operation.
15-5: Sidelink congestion control. Congestion control was shown to be crucial for DSRC and LTE-V. The situation is expected to be the same for NR V2X, thus 15-5 should always be supported to ensure effective congestion control. 
15-11: PSFCH. Support of true unicast is a key difference between NR-V2X and LTE-V. HARQ support is necessary to provide high data rates on a unicast link.
Proposal 1: The basic feature group for NR V2X includes the following:
15-1: Receiving NR sidelink mode 1 and 2.
15-2: Transmitting NR sidelink mode 1 scheduled by NR Uu
15-3: Transmitting NR sidelink mode 2 configured by NR Uu
15-5: Sidelink congestion control
15-11: PSFCH

In addition, mandatory support for 15-4: S-SSB should be considered: having all sidelink UEs capable of receiving and transmitting the S-SSB would increase the chances of having all sidelink UEs using the same synchronization reference, thus would improve reliability.  More importantly, transmission and reception of S-SSB are essential for UEs operation in  out-of-coverage scenarios.
Proposal 2: 
· Consider 15-4 as a mandatory feature
Additional features
[bookmark: _Hlk32499204]For some cases in LTE, UEs were able to transmit without receiving (V2P). It is unclear if for NR V2X, the V2P UEs will be transmitting only or also be able to receive. For this reason, we propose to address the V2P UEs by their resource selection procedure: in LTE-V (and likely in NR), V2P UEs can perform no sensing. As pointed out in [1], it is beneficial for public safety UEs to be able to operate with no sensing in order to save power. Thus, a feature to indicate if the UE performs full sensing or no sensing only would also be useful, especially for public safety UEs. The no sensing operation could be implemented by e.g., having the UE allowed to transmit in the exceptional pool only, whereas a full sensing UE could both transmit in the exceptional pool when needed, but would perform sensing otherwise.

Proposal 3: Introduce the following feature:
15-14. Sensing. Indicates if the UE is capable of full sensing or no sensing only

Interaction with RRC configuration
The set of UE capabilities is closely related with RRC configuration. Both basic features for sidelink and optional features can (and should in many cases) be configurable. For example, it is desirable to have all UEs support PSFCH, but the default operation until PSFCH is configured (or if lowest latency e.g. 3ms is desired, to avoid having to set up PSFCH via PC5 RRC) would be not to use PSFCH. Such operation should be supported by both the physical and higher layer specifications. There can also be different default operations for “normal” V2X UEs compared to V2P or ProSe UEs. So, a V2P UE for example, even if supporting PSFCH and sensing, may use RRC signaling to turn these on rather than RRC signaling to disable the use.

Conclusion
UE features for NR V2X were discussed. We propose the following:
Proposal 1: The basic feature group for NR V2X includes the following:
15-1: Receiving NR sidelink mode 1 and 2.
15-2: Transmitting NR sidelink mode 1 scheduled by NR Uu
15-3: Transmitting NR sidelink mode 2 configured by NR Uu
15-5: Sidelink congestion control
15-11: PSFCH

Proposal 2: 
· Consider 15-4 as a mandatory feature

Proposal 3: Introduce the following feature:
15-14. Sensing. Indicates if the UE is capable of full sensing or no sensing only

Table 2 in the Appendix shows the modifications to the V2X UE features in line with the proposals.
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Appendix

Table 1. NR V2X UE features
	15-1
	Receiving NR sidelink mode 1 and 2
	1) UE can receive PSCCH/PSSCH transmitted using NR sidelink mode 1 and 2.
2) UE can receive [X] PSCCH in a slot.
3) UE can decode [Y] RBs per slot counting both PSCCH and PSSCH.
4) UE supports normal 64QAM MCS table and 256QAM MCS table.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	[bookmark: _Hlk23415438]This is the basic FG for sidelink
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported

	15-2
	Transmitting NR sidelink mode 1 scheduled by NR Uu
	1) UE can transmit PSCCH/PSSCH using dynamic scheduling and configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu.
2) UE supports normal 64QAM MCS table and 256QAM MCS table.
	
	
	[No]
	
	Per band
[Note: Random selection in the exceptional pool is supported.]
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-3
	[bookmark: _Hlk23771290]Transmitting NR sidelink mode 2 configured by NR Uu
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu and preconfiguration.
2) UE supports normal 64QAM MCS table and 256QAM MCS table.
	15-1
	
	[No]
	
	Per band
[Note: Random selection in the exceptional pool is supported.]
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-4
	S-SSB for NR sidelink mode 1 and 2
	1) UE can transmit and receive S-SSB in NR sidelink mode 1 and 2
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-5
	Sidelink congestion control
	1) UE can report CBR measurement to gNB.
2) UE can adjust its radio parameters based on CBR measurement.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-6
	Short-term time-scale TDM for in-device coexistence
	1) Support prioritization between LTE sidelink transmission/reception and NR sidelink transmission/reception
	At least one of 15-1, 15-2, 15-3
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-7
	Transmitting LTE sidelink mode 3 scheduled by NR Uu 
	1) UE can transmit PSCCH/PSSCH using SPS in LTE sidelink mode 3 scheduled by NR Uu.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-8
	UE inter-RAT sidelink control processing capability
	1) UE reports a value ‘X’ for the minimum value it supports for the additional time indicated in the NR DCI scheduling LTE sidelink mode 3.
	15-7
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling X in {value1, value2, …}

	15-9
	Transmitting LTE sidelink mode 4 configured by NR Uu
	1) UE can transmit PSCCH/PSSCH using LTE sidelink mode 4 configured by NR Uu and preconfiguration.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-10
	256QAM sidelink transmission
	1) UE can transmit PSSCH with 256QAM in NR sidelink
	At least one of 15-2, 15-3
	
	[Yes]
	UE supports QPSK, 16QAM, and 64 QAM for transmission.
	Per band
	[No]
	[Yes]
	N.A.
	Reception of 256QAM is FFS.
	Optional with capability signalling

	15-11
	[PSFCH] 
	[1) UE can transmit and receive PSFCH in NR sidelink mode 1 and 2.]
	
	
	[Yes]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	[Optional with capability signalling]

	15-12
	Low-spectral efficiency 64QAM MCS table
	1) UE additionally supports low-spectral efficiency 64QAM MCS table.
	
	
	[Yes]
	UE supports normal 64QAM MCS table and 256QAM MCS table.
	Per band
	[No]
	[Yes]
	N.A.
	
	

	15-13
	[PT-RS]
	[1) UE supports NR sidelink transmission or reception using PT-RS.]
	At least one of 15-1, 15-2, 15-3
	
	[Yes]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	[Optional with capability signalling.
Mandatory in FR2]




Table 2. Proposed NR V2X UE features
	15-1
	Receiving NR sidelink mode 1 and 2
	1) UE can receive PSCCH/PSSCH transmitted using NR sidelink mode 1 and 2.
2) UE can receive [X] PSCCH in a slot.
3) UE can decode [Y] RBs per slot counting both PSCCH and PSSCH.
4) UE supports normal 64QAM MCS table and 256QAM MCS table.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	This is the basic FG for sidelink
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported

	15-2
	Transmitting NR sidelink mode 1 scheduled by NR Uu
	1) UE can transmit PSCCH/PSSCH using dynamic scheduling and configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu.
2) UE supports normal 64QAM MCS table and 256QAM MCS table.
	15-1
	
	[No]
	
	Per band
[Note: Random selection in the exceptional pool is supported.]
	[No]
	[Yes]
	N.A.
	
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported

	15-3
	Transmitting NR sidelink mode 2 configured by NR Uu
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu and preconfiguration.
2) UE supports normal 64QAM MCS table and 256QAM MCS table.
	15-1
	
	[No]
Yes
	
	Per band
[Note: Random selection in the exceptional pool is supported.]
	[No]
	[Yes]
	N.A.
	
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported

	15-4
	S-SSB for NR sidelink mode 1 and 2
	1) UE can transmit and receive S-SSB in NR sidelink mode 1 and 2
	15-1
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-5
	Sidelink congestion control
	1) UE can report CBR measurement to gNB.
2) UE can adjust its radio parameters based on CBR measurement.
	15-1
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported

	15-6
	Short-term time-scale TDM for in-device coexistence
	1) Support prioritization between LTE sidelink transmission/reception and NR sidelink transmission/reception
	At least one of 15-2, 15-3
At least one of 15-1, 15-2, 15-3
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-7
	Transmitting LTE sidelink mode 3 scheduled by NR Uu 
	1) UE can transmit PSCCH/PSSCH using SPS in LTE sidelink mode 3 scheduled by NR Uu.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-8
	UE inter-RAT sidelink control processing capability
	1) UE reports a value ‘X’ for the minimum value it supports for the additional time indicated in the NR DCI scheduling LTE sidelink mode 3.
	15-7
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling X in {value1, value2, …}

	15-9
	Transmitting LTE sidelink mode 4 configured by NR Uu
	1) UE can transmit PSCCH/PSSCH using LTE sidelink mode 4 configured by NR Uu and preconfiguration.
	
	
	[No]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signalling

	15-10
	256QAM sidelink transmission
	1) UE can transmit PSSCH with 256QAM in NR sidelink
	At least one of 15-2, 15-3
	
	[yes]
	UE supports QPSK, 16QAM, and 64 QAM for transmission.
	Per band
	[No]
	[Yes]
	N.A.
	Reception of 256QAM is FFS.
	Optional with capability signalling

	15-11
	[PSFCH] 
	[1) UE can transmit and receive PSFCH in NR sidelink mode 1 and 2.]
	15-1
	
	[yes]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported

	15-12
	Low-spectral efficiency 64QAM MCS table
	1) UE additionally supports low-spectral efficiency 64QAM MCS table.
	At least one of 15-2, 15-3
	
	[yes]
	UE supports normal 64QAM MCS table and 256QAM MCS table.
	Per band
	[No]
	[Yes]
	N.A.
	
	

	15-13
	[PT-RS]
	[1) UE supports NR sidelink transmission or reception using PT-RS.]
	At least one of 15-1, 15-2, 15-3
At least one of 15-2, 15-3

	
	[yes]
	
	Per band
	[No]
	[Yes]
	N.A.
	
	[Optional with capability signalling.
Mandatory in FR2]

	15-14
	Sensing
	1) UE supports sensing in addition to no sensing operation
	15-2
	
	No
	
	Per band
	[No]
	Yes
	N.A
	
	Optional with capability signaling
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