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Introduction
[bookmark: _Hlk510705081]UE features for Rel-18 NR enhanced positioning were first discussed in RAN1#112bis-e, and discussion was continued in RAN1#113. The rapporteur has compiled the UE feature groups and features for each WI and the outcome of previous discussion for these feature groups including Rel-18 NR network-controlled repeaters is captured in [1]. In this contribution, we provide our inputs to the UE features for Rel-18 NR enhanced positioning. 
Discussion
Sidelink Positioning
During RAN1#113 there was discussion on whether common SL PRS processing across all resource pools should be captured a similar FG or whether individual FGs should be created for each measurement procedure. Like other FGs created for existing NR positioning solutions, separate rows should be created for common SL PRS processing using individual procedures, i.e., SL-TDOA DL type, SL-TDO UL type, SL-AOA, and RTT-Type.
Proposal 1.1:	Include Common SL PRS Processing Capability across all resource pools using SL-TDOA DL Type, SL-TDOA UL Type, SL-AOA, and RTT-Type for FG 41-1-1.
During RAN1#113, the description of FG 41-1-7 was provisionally drafted to include reference to SL single-sided and SL double-sided RTT-type measurements; however, separate descriptions are not need for RTT-type measurements as the important aspect of this FG is the capability to measure UE RX-TX time difference.
Proposal 1.2:	For FG 41-1-7, create separate FGs for SL-TDOA DL type, SL-TDOA UL type, and RTT-type solution. 
Proposal 1.3:	For FG 41-1-7 remove reference to separate descriptions for SL single-sided and SL double-sided.
During RAN1#113, for FG 41-1-11 and 41-1-12, the description of these FGs provisionally reference support of PRS multiplexing for both transmission and reception; however, description of transmission multiplexing is not need as a transmitting UE does not need to be aware of the transmissions of other UEs.
Proposal 1.4:	For FG 41-1-11 and FG 41-1-12 remove transmission.
In RAN1#113 an agreement was made regarding FG 41-1-14, providing an LoS/NLoS indicator for SL positioning. A critical use case of SL positioning would be V2X, and the vehicle type UE may be equipped with multiple antenna panels (i.e., multiple ARPs). The LoS/NLoS condition may be different depending on the ARP, so the component of this FG should include LoS/NLoS indicator per ARP.
Proposal 1.5: 	For FG 41-1-14, support the following components of this FG.
· LoS/NLoS indicator per ARP for SL positioning

Table 1 should be adopted for discussion of UE feature group revisions for SL-based positioning in RAN1#114.
Proposal 1.6:	Adopt Table 1 for discussion of UE features for Rel-18 SL-based positioning in RAN1#114.
[bookmark: _Ref142601297]Table 1: Proposed revisions of FGs for Rel-18 NR positioning enhancements for SL positioning
	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

	41. NR_pos_enh2
	41-1-1
	Common SL PRS Processing Capability [across all resource pools]
	FFS: separate rows for [for SL-TDOA DL type/ SL-TDOA UL type /SL-AOA\RTT-type solutions using SL single sided/ RTT-type solutions using SL single sided double-sided] incl SL-PRS resources
1. SL-TDOA DL type
2. SL-TDOA UL type
3. SL-AOA
4. RTT-type
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-2
	Receiving SL-PRS in a shared resource pool
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-3
	Receiving SL-PRS in a dedicated resource pool
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-4a
	Transmitting SL-PRS [scheme 1 and scheme 2] in a shared resource pool
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-4b
	Transmitting SL-PRS scheme 1 in a dedicated resource pool
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-4c
	Transmitting SL-PRS scheme 2 in a dedicated resource pool
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-5
	SL-PRS congestion control [in a dedicated/shared resource pool]
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-7a
	SL PRS measurement for SL-TDOA DL type
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-7b
	SL PRS measurement for SL-TDOA UL type
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-7c
	SL PRS measurement for SL-AOA
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-7d
	SL PRS measurement for RTT-type
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-8
	Support of random selection [in a dedicated resource pool]
	FFS: merge with 41-1-4
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-10
	Support of [full\partial] sensing [in a dedicated resource pool]
	FFS: merge with 41-1-4
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-11
	TDM-based multiplexing of SL-PRS [transmission/reception] from different UEs in the same slot
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-12
	Comb-based multiplexing for SL-PRS [transmission/reception] from different UEs in the same slot
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-13
	Reporting the additional paths for SL positioning
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-14
	LoS/NLoS indicator for SL positioning 
	1. LoS/NLoS indicator per ARP for SL positioning

	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-17
	Open loop SL power control and SL RSRP report [in dedicated resource pool]
	FFS: merge with 41-1-4 for SL PC and 41-1-3 for RSRP report
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-19
	UE can provide ARP location for sidelink as assistance data
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-1-19a
	Report of ARP-ID with SL positioning measurements
	
	
	
	
	
	
	
	
	
	
	





Carrier-Phase Positioning
In RAN1#113 FG 41-2-1 was created for DL RSCP measurement reporting based on DL PRS; however, a separate FG is needed to capture UE capabilities related to processing of DL PRS for DL RSCP measurements.
Proposal 2.1:	Add a dedicate FG for DL PRS processing for CP positioning in RRC connected.
Like FG 41-2-1, a separate FG, related to FG 41-2-2, is needed related to DL PRS processing for DL RSCP measurements in RRC inactive mode
Proposal 2.2:	Add a dedicate FG for DL PRS processing for CP positioning in RRC inactive.
Table 2 should be adopted for discussion of UE feature group revisions for SL-based positioning in RAN1#114.
Proposal 2.3:	Adopt Table 2 for discussion of UE features for Rel-18 carrier phase positioning in RAN1#114.

[bookmark: _Ref142601518]Table 2: Proposed revisions of FGs for Rel-18 NR positioning enhancements for CP Positioning
	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

	41. NR_pos_enh2
	41-2-1a
	DL RSCP reporting based on DL PRS in RRC_CONNECTED
	FFS: separate rows for DL PRS processing capabilities\measurement for CPP measurements in RRC_CONNECTED
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-2-1b
	DL RSCP measurement based on DL PRS in RRC_CONNECTED
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-2-1a
	DL RSCPD reporting based on DL PRS in RRC_CONNECTED
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-2-2a
	DL RSCP reporting based on DL PRS in RRC_INACTIVE
	FFS: separate rows for DL PRS processing capabilities\measurement for CPP measurements in RRC_INACTIVE
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-2-2b
	DL RSCPD measurement based on DL PRS in RRC_INACTIVE
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-2-3
	Measurement on indicated DL PRS resource sets [within the indicated time window(s) for UE based and UE assisted]

	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-2-4
	UE-based Carrier Phase Positioning
	Components are
1. Support of carrier phase measurement
2. Support of Assistance data for UE-based Carrier Phase Positioning
	
	
	
	
	
	
	
	
	
	




LPHAP Positioning
A UE needs to indicate supporting for maintaining current SRS transmission timing via autonomous TA determination when cell-reselection occurs.
Proposal 3. 1:	Add new FG for autonomous transmission timing adjust of positioning SRS to keep the current transmission timing when cell-reselection happen.
Table 3 should be adopted for discussion of UE feature group revisions for LPHAP positioning in RAN1#114.
Proposal 3.2:	Adopt Table 3 for discussion of UE features for Rel-18 LPHAP positioning in RAN1#114. 

[bookmark: _Ref142601925]Table 3: Proposed revisions of FGs for Rel-18 NR positioning enhancements for LPHAP Positioning
	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

	41. NR_pos_enh2
	41-3-1
	SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state for initial UL BWP
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-3-2
	SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state configured outside initial UL BWP
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-3-3
	[Processing capability for/Support of] PRS in RRC_IDLE
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-3-4
	Autonomous transmission timing adjust of positioning SRS
	
	
	
	
	
	
	
	
	
	
	




Bandwidth Aggregation
During RAN1#113, FG 41-4-1 was created to indicate the support of DL PRS processing capability for aggregated processing of 2 PFLs; however, as noted in the WID for Rel-18 NR extended positioning, scope was given to provide support of bandwidth aggregation up to 3 Positioning Frequency Layers (PFL). We therefore propose to align this FG description with WID scope.
Proposal 4.1:	For FG 41-4-1, modify to indicate that DL PRS processing capability for aggregated PRS processing of 3 PFLs is supported.
In RAN1#113, FG 41-4-6 was added indicating support of PRS bandwidth aggregation for DL-TDO and multi-RTT measurements for a UE in RRC IDLE mode; however, as there is no UE support for transmission of SRS in RRC IDLE mode multi-RTT measurements in RRC IDLE mode cannot be supported. 
Proposal 4.2:	For FG 41-4-6 remove support of PRS bandwidth aggregation in RRC IDLE for Multi-RTT.
In addition to an FG indicating support DL PRS processing for bandwidth aggregated PRS measurements, a separate FG is necessary for support of measurement reporting.
Proposal 4.3:	Create a new FG for DL measurement reporting of aggregated PRS measurements.
Table 4 should be adopted for discussion of UE feature group revisions for bandwidth aggregated positioning in RAN1#114.
Proposal 4.4:	Adopt Table 4 for discussion of UE features for Rel-18 bandwidth aggregated positioning in RAN1#114.

[bookmark: _Ref142602295]Table 4: Proposed revisions of FGs for Rel-18 NR positioning enhancements for Bandwidth Aggregated Positioning
	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

	41. NR_pos_enh2
	41-4-1a
	DL PRS processing capabilities for aggregated PRS processing [of 23 PFLs] in intra-band contiguous [within a MG] [for RRC_CONNECTED sate, RRC_INACTIVE state, RRC_IDLE]
	FFS: separate row for number of PFLs
FFS: total aggregated BW and BW combinations
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-1a
	Measurement reporting for DL PRS for aggregated PRS processing [of3 PFLs] in intra-band contiguous [within a MG] [for RRC_CONNECTED sate, RRC_INACTIVE state, RRC_IDLE]
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-3
	Support of PRS bandwidth aggregation in RRC_CONNECTED — DL-TDOA
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-3a
	Support of PRS bandwidth aggregation in RRC_CONNECTED —Multi-RTT
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-4
	Support of PRS bandwidth aggregation in RRC_ INACTIVE — DL-TDOA
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-4a
	Support of PRS bandwidth aggregation in RRC_ INACTIVE —Multi-RTT
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-5
	Support of PRS bandwidth aggregation in RRC_IDLE — [DL-TDOA and Multi-RTT]
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-6
	Support of positioning SRS bandwidth aggregation in RRC_CONNECTED
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-7
	Support of positioning SRS bandwidth aggregation independent from UL communication CA in RRC_CONNECTED
	
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-4-8
	Support of positioning SRS bandwidth aggregation in RRC_INACTIVE
	
	
	
	
	
	
	
	
	
	
	




RedCap Positioning
In RAN1#113, FG 45-5-1 was added for Support of PRS with Rx frequency hopping; however additional components are necessary to further characterize UE capability.
Proposal 5.1:	For FG 45-5-1, add components 1. Maximum number of hops within/outside of the MG, 2. Required RF switching time.
RAN1 already agreed to support the SRS frequency hopping independent with the existing UL BWP framework, so the SRS BW configuration is not tied with the UL BWP. It is a similar SRS configuration for RRC_INACTIVE UE which was introduced in Rel-17. However, it does not mean that the RedCap UE supporting SRS frequency hopping in RRC_Connected mode also support the same feature for RRC_Inactive mode. Like Rel-17, the UE capability for SRS transmission in RRC_Inactive mode needs to be supported as a separate FG.
Proposal 5.2: 	For FG 45-5-2, support of positioning SRS with Tx frequency hopping in RRC_INACTIVE mode for RedCap UEs needs to be considered as a separate row.
Table 5should be adopted for discussion of UE feature group revisions for bandwidth aggregated positioning in RAN1#114.
Proposal 5.3:	Adopt Table 5 for discussion of UE features for Rel-18 bandwidth aggregated positioning in RAN1#114.

[bookmark: _Ref142602813]Table 5: Proposed revisions of FGs for Rel-18 NR positioning enhancements for RedCap positioning
	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

	41. NR_pos_enh2
	41-5-1
	[bookmark: _Hlk142468040]Support of PRS with Rx frequency hopping [and measurement report] [within a MG] [in RRC_CONNECTED/RRC_INACTIVE/RRC_IDLE] for RedCap UEs
	FFS: One component is Frequency domain overlap(s) between hops
FFS: separate row for processing capability
1. Maximum number of hops within/outside of the MG
2. Required RF switching time
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-5-2a
	Support of positioning SRS with Tx frequency hopping [in RRC_CONNECTED/RRC_INACTIVE] for RedCap UEs
	FFS: One component is Frequency domain overlap(s) between hops
FFS: separate row for processing capability
	
	
	
	
	
	
	
	
	
	

	41. NR_pos_enh2
	41-5-2b
	Support of positioning SRS with Tx frequency hopping in RRC_INACTIVE for RedCap UEs
	
	
	
	
	
	
	
	
	
	
	



Summary
The following proposals are for discussion on UE features for SL-based positioning as part of Rel-18 expanded and improved NR positioning in RAN1#114:
Proposal 1.1: Common SL PRS Processing Capability across all resource pools using SL-TDOA DL Type, SL-TDOA UL Type, SL-AOA, and RTT-Type.
Proposal 1.2:	For FG 41-1-7, create separate FGs for SL-TDOA DL type, SL-TDOA UL type, and RTT-type solution. 
Proposal 1.3:	For FG 41-1-7 remove reference to separate descriptions for SL single-sided and SL double-sided.
Proposal 1.4:	For FG 41-1-11 and FG 41-1-12 remove transmission.
Proposal 1.5: 	For FG 41-1-14, support the following components of this FG.
· LoS/NLoS indicator per ARP for SL positioning

Proposal 1.6:	Adopt Table 1 for discussion of UE features for Rel-18 SL-based positioning in RAN1#114.
The following proposals are for discussion on UE features for carrier phase positioning as part of Rel-18 expanded and improved NR positioning in RAN1#114:
Proposal 2.1:	Add a dedicate FG for DL PRS processing for CP positioning in RRC connected.
Proposal 2.2:	Add a dedicate FG for DL PRS processing for CP positioning in RRC inactive.
Proposal 2.3:	Adopt Table 2 for discussion of UE features for Rel-18 carrier phase positioning in RAN1#114.
The following proposals are for discussion on UE features for LPHAP positioning as part of Rel-18 expanded and improved NR positioning in RAN1#114:
Proposal 3. 1:	Add new FG for autonomous transmission timing adjust of positioning SRS to keep the current transmission timing when cell-reselection happen).
Proposal 3.2:	Adopt Table 3 for discussion of UE features for Rel-18 LPHAP positioning in RAN1#114.
The following proposals are for discussion on UE features for bandwidth aggregated positioning as part of Rel-18 expanded and improved NR positioning in RAN1#114:
Proposal 4.1:	For FG 41-4-1, modify to indicate that DL PRS processing capability for aggregated PRS processing of 3 PFLs is supported.
Proposal 4.2:	For FG 41-4-6 remove support of PRS bandwidth aggregation in RRC IDLE for Multi-RTT.
Proposal 4.3:	Create a new FG for DL measurement reporting of aggregated PRS measurements.
Proposal 4.4:	Adopt Table 4 for discussion of UE features for Rel-18 bandwidth aggregated positioning in RAN1#114.
The following proposals are for discussion on UE features for redcap positioning as part of Rel-18 expanded and improved NR positioning in RAN1#114:
Proposal 5.1:	For FG 45-5-1, add components 1. Maximum number of hops within/outside of the MG, 2. Required RF switching time.
Proposal 5.2: 	For FG 45-5-2, support of positioning SRS with Tx frequency hopping in RRC_INACTIVE mode for RedCap UEs needs to be considered as a separate row.
Proposal 5.3:	Adopt Table 5 for discussion of UE features for Rel-18 bandwidth aggregated positioning in RAN1#114.
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