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1. Introduction
This contuibution further discusses a set of remaining issues on UE feature list for NR Sidelink evolution based on the latest UE feature list given by the FL after RAN1 #114 [1].
[bookmark: OLE_LINK162]The justification and proposals are given in Section 2 and the proposed UE feature list is given in Table 2 at the end of Section 2. For convenience, the content we want to highlight in this paper is colored in blue.
2. NR Sidelink on unlicensed spectrum
It is claimed the RAN1 part of NR SL-U is completed after RAN1 #114. Thus, the corresponding UE feature list for NR SL-U can be determined. In general, the following discussion focuses on two sub-agends of this WI including SL-U channel access and SL-U physical framework design as detailed below.

SL-U channel access mechanism
· FG 47-k1: Channel access for dynamic channel access mode
[bookmark: OLE_LINK171]One remaining issue is whether the CP extension for 60kHz SCS should be covered by this FG. Considering the case of CP extension for 60kHz SCS has already been supported in the agreement, it is natural to also reflect it in the UE feature list but with a premise that if 60kHz is supported.
[bookmark: p1]Proposal 1: Support CP extension up to 2 symbols in 60kHz SCS if the UE supports 60kHz SCS.
Another remaining issue is whether support switching Type 1 to Type 2 channel access when a shared COT is available. It is actually a behavior (exactly, the behavior is switching from Type 1 to Type 2A channel access) supported in NR-U to optimize the channel access procedure and improve resource efficiency. To that point, we think it is preferred to also support such a behavior in SL-U.
[bookmark: p2]Proposal 2: Support switching Type 1 to Type 2A channel access when UE is able to use a shared COT.
Additionally, whether channel access is necessary, or mandatory is actually depends on the regulation in different regions. For example, very-low-power (VLP) is a regulation requirement defined in some regions/countries. Such a regulation intendes to define a UE capability to operate on unlicensed spectrum with relaxed requirements (e.g., relaxed/no channel accees) when some limits (e.g., max EIRP/PSD limit) are satisfied. Below we provide some examples on VLP regulation defined in different regions.
· [bookmark: OLE_LINK43]EU: ECC Decision (20)01 supports Lower Power Indoor (LPI) and VLP devices in 5925~6425MHz. VLP is specified for indoor/outdoor use with max EIRP 14dBm and max PSD 1 dBm/MHz. The specific despriotion on VLP device is shown in the following table 1 as copied from ECC Decision (20)01 [2]
Table 1. Very Low Power (VLP) WAS/RLAN devices
	Parameter
	Technical conditions

	Permissible operation 
	Indoors and outdoors 
Use on drones is prohibited 

	Category of device 
	The VLP device is a portable device 

	Frequency band 
	5945-6425 MHz 

	Channel access and occupation rules 
	[bookmark: OLE_LINK19]An adequate spectrum sharing mechanism shall be implemented. 

	Maximum mean e.i.r.p. for in-band emissions (note 1) 
	14 dBm 

	Maximum mean e.i.r.p. density for in-band emissions (note 1) 
	1 dBm/MHz 

	Narrowband usage maximum mean e.i.r.p. density for in-band emissions (note 1) (note 2) 
	10 dBm/MHz 

	Maximum mean e.i.r.p. density for out-of-band emissions below 5935 MHz (note 1) 
	-45 dBm/MHz (note 3) 

	Note 1: The "mean e.i.r.p." refers to the e.i.r.p. during the transmission burst, which corresponds to the highest power, if power control is implemented. 
Note 2: Narrowband (NB) devices are devices that operate in channels bandwidths below 20 MHz. Narrowband devices also require a frequency hopping mechanism based on at least 15 hop channels to operate at a PSD value above 1 dBm/MHz. 
Note 3: ECC will study the appropriateness of this level of OOBE by 31/12/2024. In absence of the justified evidence, a value of -37 dBm/MHz will be adopted from 1 January 2025. 



· [bookmark: OLE_LINK41]CN: VLP operation is supported at 5725-5850MHz with max EIRP 14dBm [3].
· US: So far, it only supports standard and/or LPI devices in 5945~7125MHz. However, it will issue a ruling about VLP device for hotspots and short-range application
For VLP device, some relaxed requirements for operation on unlicensed spectrum are also defined.:
· For EU, only an adequate spectrum sharing mechanism is required for VLP device to access and occcupy the unlicensed channel. 
· For CN, a VLP device is not required to perform channel access procedures before transmission on unlicensed spectrum (5725-5850MHz). 
Based on the above observations, it is necessary to support VLP operation as a capability of SL-U UE to enable more efficient channel access procedure satisfying the regulations defined in different regions. Therefore, VLP operation with a relaxed/no channel access defined by regulation should be a component of the FG of SL channel access for dynamic channel access mode.
[bookmark: p3][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK188]Proposal 3: Support VLP operation according to the regional regulation requirement (e.g., optional for component 1/2/3/4 of FG 47-k1 with the restricted EIRP/PSD)
One last issue for FG 47-k1 is whether this FG is merged with FG 47-k3 (i.e., FG of receiving UE to UE COT sharing information). From our perspective, these two FGs are intended for different purposes. Specifically, FG 47-k1 is intended for the capability of channel access related issue like different channel access types and CPE operation bounded with channel access procedures. While FG 47-k3 is intended for the capability of utilizing a shared COT as a enhancement to improve the channel access efficiency, which we think should not be bounded with FG 47-k1.
[bookmark: OLE_LINK176][bookmark: p4][bookmark: OLE_LINK175]Proposal 4: Support FG 47-k1 and 47-k3 are two separate FGs. 

· FG 47-k2: Multi-channel access for dynamic channel access mode
One remaining issue is whether to introduce FG(s) for transmission on multi-RB sets considering there is no separate FG for transmission on multi-RB sets in NR-U. From our perspective, the situation for SL-U is a little different from that in NR-U. Actually for NR-U, it is unnecessary for a UE to distinguish the transmission on single or multi-RB sets because all the behaviors are scheduled by the gNB form a UE perspective. While for SL-U especially without the schedule from gNB, it would be better for a UE to distinguish the FGs of transmission on single or multiple RB sets considering the behaviors are quite different for these two transmission modes (e.g., the channel access procedures, the utilization of intra-cell guard band, etc.).
[bookmark: p5]Proposal 5: Support transmission on multiple RB sets as a separate FG and is optional for SL-U UE.

· FG 47-k5: MCSt
MCSt is an enhancement for SL-U to achieve a higher channel access efficiency. Therefore, it can be an optional FG for SL-U UE.
[bookmark: p6]Proposal 6: Support MCSt as an optional FG.

SL-U physical channel design framework
· [bookmark: OLE_LINK20]FG 47-m1: Interlace RB-basd transmission/reception
[bookmark: OLE_LINK21]For the regions where OCB/PSD requirements are mandatory, the SL-U UE should support interlace RB (IRB) based transmission to meet such requirements. Therefore, IRB based PSCCH/PSSCH, PSFCH transmission and IRB based PSCCH/PSSCH, PSFCH reception are supported for SL-U at least for the regions where OCB/PSD requirements are mandatory. From our perspective, the interlace RB based transmission is actually a basic solution to enable the UE can operate on unlicensed spectrum as long as there is a requirement on OCB/PSD. Threrfore, there may be unnecessary to separate this FG for Tx/Rx and for PSCCH/PSSCH/PSFCH.
[bookmark: p7][bookmark: p8]Proposal 7: Support interlace RB-based transmission/reception for PSCCH/PSSCH and PSFCH.

· FG 47-m7: Receiving S-SSB repetition within one RB set
Considering the OCB/PSD requirements, transmitting transmitting S-SSB repetition within one RB set should be basic FGs for SL-U UE at least for the regions where OCB/PSD requirements are mandatory, which is stated by FG 47-m6. One remaining issue is on whether/how to introduce Rx capability regarding S-SSB repeititon within one RB set. From our perspective, it should be a separate FG and should be optional FG for SL-U UE.
[bookmark: p9]Proposal 8: Support receiving S-SSB repetition within one RB set as a separate FG and is optional for SL-U UE.

· FG 47-m9: Receiving S-SSB on additional S-SSB occasion(s)
From our perspective, it should be a separate FG for receiving S-SSB on additional S-SSB occasion(s). Meanwhile, such a FG should be optional for SL-U UE.
[bookmark: p10]Proposal 9: Support receiving S-SSB on additional S-SSB occasion(s) as a separate FG and is optional for SL-U UE.

Based on the above analysis, we have the following proposal:
[bookmark: OLE_LINK180][bookmark: p11][bookmark: OLE_LINK40]Proposal 10:  Support UE features in Table 2 for NR SL UE operated on unlicensed spectrum.
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Table 2. Feature list for NR SL UE operated on unlicensed spectrum
	Features
	Index
	Feature group
	Components
	[bookmark: OLE_LINK1]Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	[bookmark: OLE_LINK30]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. Switching Type 1 to Type 2 channel access when UE is able to use a shared COT]
10. VLP operation according to the regional regulation requirement (e.g., optional for component 1/2/3/4 with the restricted EIRP/PSD)

FFS whether to merge with 47-k3
	
	No
	No
	UE does not support channel access for NR sidelink operation in unlicensed spectrum.

	Per band
	n/a
	n/a
	
	[This is the basic FG for NR sidelink in unlicensed spectrum.]

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

Component 1/2/3/4 could be optional in VLP operation according to the regional regulation requirement.
	[Optional with capability signalling]

[bookmark: OLE_LINK38][For UE supports NR sidelink in unlicensed spectrum, UE must indicate this FG is supported.]

	47. NR_SL_enh2
	47- k2
	[bookmark: OLE_LINK184]SL multi-channel access for dynamic channel access mode
	1. UE supports multi-channel access procedures for PSSCH 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

FFS whether to introduce FG(s) for transmission on multiple RB sets
	
	Yes
	[No]
	[bookmark: OLE_LINK31]UE does not support multi-channel access in dynamic channel access mode 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]


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

FFS whether to merge with 47-k1
	
	No
	[No]
	UE does not support UE-to-UE COT sharing for NR sidelink operation in unlicensed spectrum.
	Per band
	n/a
	n/a
	
	[bookmark: OLE_LINK32]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.]

	[bookmark: _Hlk142563225]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
	
	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]

	[bookmark: _Hlk142560870]47. NR_SL_enh2
	47-k5
	MCSt
	UE supports
1) MCSt in SL Mode 1 resource allocation
2) MCSt in SL Mode 2 resource allocation
	
	Yes
	No
	UE does not support multi-consecutive slots transmission
	Per UE
	n/a
	n/a
	
	
	[Optional with capability signalling]

	47. NR_SL_enh2
	47-m1
	Interlace RB-based SL PSCCH/PSSCH and PSFCH transmission/reception
	[bookmark: OLE_LINK200]1. UE supports interlace RB-based SL PSCCH/PSSCH and PSFCH transmissions for the physical layer channels that it is capable of transmit
2. UE supports interlace RB-based SL PSCCH/PSSCH and PSFCH receptions for the physical layer channels that it is capable of receive
	
	Yes
	No
	UE does not support Interlace RB-based PSCCH/PSSCH transmission
	Per band
	N/A
	N/A
	
	[bookmark: OLE_LINK36][bookmark: OLE_LINK37][This is the basic FG for NR sidelink in unlicensed spectrum, where PSD and/or OCB requirements are defined by regulation.]
	[Optional with capability signalling]

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

	47. NR_SL_enh2
	47-m5
	Multiple PSFCH occasions per PSCCH/PSSCH
	1) UE supports N PSFCH occasion(s) per PSCCH/PSSCH transmission
	
	Yes
	No
	UE supports only one PSFCH occasion per PSCCH/PSSCH transmission
	Per band
	N/A
	N/A
	
	Candidate values for N are {1,2,3,4}
	[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 times by repetition in frequency domain within one RB set

FFS whether/how to introduce Rx capability
	
	No
	No
	UE does not support transmission of legacy S-PSS/S-SSS/PSBCH N times by repetition in frequency domain
	Per band
	N/A
	N/A
	
	[This is the basic FG for NR sidelink in unlicensed spectrum.]

	[Optional with capability signalling]

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

	47. NR_SL_enh2
	47-m7
	Receiving SSB repetitions within one RB set
	1) UE supports receiving S-SSB which is transmitted in a manner that repeat S-PSS/S-SSS/PSBCH N times in frequency domain within one RB set


	
	No
	No
	UE does not support reception of S-SSB which is transmitted in a manner that repeat legacy S-PSS/S-SSS/PSBCH N times in frequency domain
	Per band
	N/A
	N/A
	
	
	[Optional with capability signalling]

	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
	
	No
	No
	UE does not support transmitting S-SSB on additional S-SSB occasion(s)
	Per band
	N/A
	N/A
	
	
	[Optional with capability signalling]

	47. NR_SL_enh2
	47-m9
	Receiving of S-SSB on additional S-SSB occasion(s)
	1) UE supports receiving S-SSB transmitted on additional candidate S-SSB occasion(s)
	
	No
	No
	UE does not support receiving S-SSB transmitted on additional S-SSB occasion(s)
	Per band
	N/A
	N/A
	
	
	[Optional with capability signalling]



3. Summary
Proposal 1: Support CP extension up to 2 symbols in 60kHz SCS if the UE supports 60kHz SCS.
Proposal 2: Support switching Type 1 to Type 2A channel access when UE is able to use a shared COT.
Proposal 3: Support VLP operation according to the regional regulation requirement (e.g., optional for component 1/2/3/4 of FG 47-k1 with the restricted EIRP/PSD)
Proposal 4: Support FG 47-k1 and 47-k3 are two separate FGs. 
Proposal 5: Support transmission on multiple RB sets as a separate FG and is optional for SL-U UE.
Proposal 6: Support MCSt as an optional FG.
Proposal 7: Support interlace RB-based transmission/reception for PSCCH/PSSCH and PSFCH.
Proposal 8: Support receiving S-SSB repetition within one RB set as a separate FG and is optional for SL-U UE.
Proposal 9: Support receiving S-SSB on additional S-SSB occasion(s) as a separate FG and is optional for SL-U UE.
Proposal 10:  Support UE features in Table 2 for NR SL UE operated on unlicensed spectrum.
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