3GPP TSG RAN WG1 #113			R1-2305368
Incheon, Korea, May 22nd – May 26th, 2023
	
Agenda item:	9.16.2
Source: 	Qualcomm Incorporated
Title: 	UE features on Expanded and improved NR Positioning
Document for:		Discussion and Decision
1 Introduction
This contribution includes our first set of UE features and components for the WI Expanded and improved NR Positioning.

Proposal 1: Use the UE features shown in Appendix  as the starting point for  the UE feature discussion on  Expanded and Improved Positioning.
3 Conclusions
We make the following proposal: 




Proposal 1: Use the UE features shown in Appendix  as the starting point for  the UE feature discussion on  Expanded and Improved Positioning.
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4.1 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

	NR_pos_enh2	
	X-SLPRS-1
	Support of SL-PRS reception & processing in shared resource pool
	1. Maximum SL PRS bandwidth in MHz in a shared resource pool for positioning, which is supported and reported by UE for SL-PRS measurement

2. SL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

3. Duration of SL PRS symbols N in units of ms a UE can process every T ms assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE

4. Max number of SL PRS resources that UE can process in a slot 
	
	[TBD]
	Yes
	
	per FS
	n/a
	n/a
	n/a
	Component 1 candidate values:
FR1 bands: {5, 10, 20, 40, 50, 80, 100}
FR2 bands: {50, 100, 200, 400}

  Component 2 candidate values: {Type 1, Type 2}

Component 3 candidate values:
a)	T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b)	N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Component 4 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Notes for component 3:
a. UE is not expected to support SL PRS bandwidth that exceeds the reported SL PRS bandwidth value
b.UE SL PRS processing capability is agnostic to SL PRS comb factor configuration
c.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-2
	Support of SL-PRS reception & processing in dedicated resource pool
	1. Maximum SL PRS bandwidth in MHz in a dedicated resource pool for positioning, which is supported and reported by UE for SL-PRS measurement

2. SL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

3. Duration of SL PRS symbols N in units of ms a UE can process every T ms assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE

4. Max number of SL PRS resources that UE can process in a slot 

5. Support receiving a single SL-PRS resource in a slot in the allocated BW
	
	[TBD]
	Yes
	
	per FS
	n/a
	n/a
	n/a
	Component 1 candidate values:
FR1 bands: {5, 10, 20, 40, 50, 80, 100}
FR2 bands: {50, 100, 200, 400}

  Component 2 candidate values: {Type 1, Type 2}

Component 3 candidate values:
a)	T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b)	N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Component 4 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Notes for component 3:
a. UE is not expected to support SL PRS bandwidth that exceeds the reported SL PRS bandwidth value
b.UE SL PRS processing capability is agnostic to SL PRS comb factor configuration
c.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-3
	TDM-based multiplexing of SL PRS from different UEs in a dedicated resource pools.

	Support of Transmit and receive TDM-based multiplexing of multiple SL PRS resources in a slot  in a dedicated resource pools.


	
	Yes
	Yes
	
	per FS
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	
	X-SLPRS-4
	Comb-based multiplexing of SL-PRS from different UEs in a dedicated resource pool
	Support of Transmit and receive comb-based multiplexing of SL PRS from different UEs in a slot in a dedicated resource pools.


	
	Yes
	Yes
	
	Per FS
	
	
	
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-5
	Transmission of SL-PRS in shared resource pool using Scheme 1 RA
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support downlink pathloss based open loop power control

	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-6
	Transmission of SL-PRS in shared resource pool using Scheme 2 RA with full sensing
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support DL pathloss based open loop power control when configured by NR Uu
	
	Yes
	Yes
	
	Per FS
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-7
	Transmission of SL-PRS in shared resource pool using Scheme 2 RA with partial sensing
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support DL pathloss based open loop power control when configured by NR Uu
	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-8
	Transmission of SL-PRS in shared resource pool using Scheme 2 RA with random selection
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support DL pathloss based open loop power control when configured by NR Uu 
	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling	

	NR_pos_enh2	
	X-SLPRS-9
	Transmission of SL-PRS in dedicated resource pool using Scheme 1 RA
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support downlink pathloss based open loop power control for SL-PRS resource allocation scheme 1
5. Support DL pathloss based open loop power control when SL-PRS resource allocation scheme 2 is configured by NR Uu 

	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-10
	Transmission of SL-PRS in dedicated resource pool using Scheme 2 RA with full sensing
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support DL pathloss based open loop power control when SL-PRS resource allocation scheme 2 is configured by NR Uu 
	
	Yes
	Yes
	
	Per FS
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-11
	Transmission of SL-PRS in dedicated resource pool using Scheme 2 RA with random selection
	1. Support of SL-PRS transmission in a shared resource pool
2. Max number of SL-PRS Resources 
3. Max number of SL-PRS Resources per slot
4. Support DL pathloss based open loop power control when SL-PRS resource allocation scheme 2 is configured by NR Uu 
	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-12
	SL UE Rx-Tx measurement Report for SL-RTT
	1.Support measuring and reporting SL UE Rx-Tx measurements for a UE
	
	No
	Yes
	SL UE Rx-Tx measurement and report is not supported
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-13
	SL UE RSTD measurement Report for SL-TDOA
	1.Support measuring and reporting SL RSTD measurements for a pair of UEs
	
	No
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-14
	SL UE Azimuth of arrival measurement Report for SL-AoA
	1.Support measuring and reporting SL UE Azimuth of arrival (AoA) measurements for a UE
	
	No
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-15
	SL UE Zenith of arrival measurement Report for SL-AoA
	1.Support measuring and reporting SL UE Zenoth of arrival (ZoA) measurements for a UE
	
	No
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-16
	Additional path reporting for SL-TDOA measurement report
	1. Support of additional detected path timing reporting for K additional paths for SL-TDOA
2. Support of RSRPP reporting for additional paths
	
	No
	Yes
	Additional path reporting for SL-TDOA is not supported
	Per band
	No
	No
	No
	Component 1 candidate values: {1, 2, 4, 6, 8}

Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-17
	Additional path reporting for SL-RTT
	1. Support of additional detected path timing reporting for K additional paths for SL-RTT
2. Support of RSRPP reporting for additional paths 
	
	No
	Yes
	Additional path reporting for SL-RTT is not supported
	Per band
	No
	No
	No
	Component 1 candidate values: {1, 2, 4, 6, 8}

Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-18
	LOS/NLOS Indicator reporting
	Support reporting LoS/NLoS indicator type 

	
	No
	Yes
	LOS/NLOS Indicator reporting is not supported
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: {hard value, hard+soft value}

Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-19
	First path RSRPP reporting in SL for SL-TDOA measurement report
	Support of SL-RSRPP reporting for first path for SL-TDOA
	
	No
	Yes
	
	per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-20
	First path RSRPP reporting in SL for SL-RTT measurement report
	Support of SL-RSRPP reporting for first path for SL-RTT
	
	No
	Yes
	
	per band
	n/a
	n/a
	n/a
	Need for location server / server UE to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-21
	SL-PRS congestion control in dedicated RP
	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
	
	Yes
	No
	
	Per band
	n/a
	n/a
	n/a
	Component-3 candidate value set
{Congestion process time 1, Congestion process time 2} where

Congestion process time 1: 2, 2, 4, 8 slots for 15, 30, 60, 120 kHz subcarrier spacing.

Congestion process time 2: 2, 4, 8, 16 slots for 15, 30, 60, 120 kHz subcarrier spacing
	Optional with capability signalling
.

	NR_pos_enh2	
	X-SLPRS-22
	SL-PRS congestion control in shared RP
	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
	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	Component-3 candidate value set
{Congestion process time 1, Congestion process time 2} where

Congestion process time 1: 2, 2, 4, 8 slots for 15, 30, 60, 120 kHz subcarrier spacing.

Congestion process time 2: 2, 4, 8, 16 slots for 15, 30, 60, 120 kHz subcarrier spacing
	Optional with capability signalling
.

	NR_pos_enh2	
	X-SLPRS-23
	Support of open loop SL power control and RSRP report in shared RP
	1. Support sidelink pathloss based open loop power control for SL-PRS and RSRP reporting
	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling

	NR_pos_enh2	
	X-SLPRS-24
	Support of open loop SL power control and RSRP report in dedicated RP
	2. Support sidelink pathloss based open loop power control for SL-PRS and RSRP reporting
	
	Yes
	Yes
	
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signaling



4.2 Carrier Phase 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

	NR_pos_enh2	
	X-CPP-1a
	DL PRS Carrier Phase  measurement in RRC_CONNECTED within a MG
	1. Support of carrier phase measurements in RRC_CONNECTED state within a MG
	[13-1]
	No
	
	
	· Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

Note: UE supporting this feature shall support the measurement of at least one RSCP or RSCPD 
	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-1b
	DL PRS Carrier Phase  measurement in RRC_INACTIVE
	1. Support of carrier phase measurements in RRC_ INACTIVE state
	[13-1]
	No
	
	
	· Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

Note: UE supporting this feature shall support the measurement of at least one RSCP or RSCPD
	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-2
	DL PRS RSCP measurement report of the first path for RTT
	1. Support of reporting the DL PRS RSCP of the first path for RTT positioning method

2. The maximum number of first path PRS RSCP measurements per TRP
	[13-1,13-4]
	No
	
	
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

Component 2 candidate values: {1, 2, 3, 4}

	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-3
	DL PRS RSCPD measurement report of the first path for UE-assisted DL-TDOA
	1. Support of measuring and reporting the DL PRS RSCPD of the first path for UE-assisted DL-TDOA positioning method

2. The maximum number of first path PRS RSCPD measurements per pair of TRPs
	[13-1, 13-3]
	No
	
	
	Per band
	No
	Yes
	N/A
	Need for location server to know if the feature is supported

Component 2 candidate values: {1, 2, 3, 4}
	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-4
	Assistance data for UE-based Carrier Phase Positioning
	Support the assistance data enhancements for UE-based Carrier Phase Positioning
	[13-1]
	No
	
	
	Per UE
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported

	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-5a
	Support of Rx Phase Error Group reporting for carrier phase measurements 
	1. Support of Rx PEG IDs for UE-assisted DL TDOA and/or Multi-RTT positioning
2. The maximum number of UE-RxPEG, which is supported and reported by UE for carrier phase measurements for UE assisted DL TDOA and/or Multi-RTT positioning
	[13-1, X-CPP-2]
	No
	
	
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

 Component 2 candidate values: {1, 2, 3, 4, 6, 8, 16, 32}
	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-5b
	Support of Tx Phase Error Group reporting for carrier phase measurements  for UL TDOA
	1. Support of UE TxPEG IDs for UL-TDOA 
2. The maximum number of UE TxPEG, which is supported and reported by UE for carrier phase measurements for UL-TDOA
	[13-1, X-CPP-2]
	Yes
	
	
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

 Component 2 candidate values: {1, 2, 3, 4, 6, 8, 16, 32}
	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-5b
	Support of Tx Phase Error Group reporting for carrier phase measurements  for Multi-RTT
	1. Support of UE TxPEG IDs for Multi-RTT positioning
2. The maximum number of UE TxPEG, which is supported and reported by UE for carrier phase measurements for Multi-RTT positioning
	[13-1, X-CPP-2]
	No
	
	
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

 Component 2 candidate values: {1, 2, 3, 4, 6, 8, 16, 32}
	Optional with capability signaling

	NR_pos_enh2	
	X-CPP-5c
	Support of PRS PEG association information for UE-based DL-TDOA
	Support of reception of association between PRS and TRP Tx PEG for UE-based positioning
	
	No
	
	
	Per UE
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

	Optional with capability signaling

	NR_pos_enh2	
	X-5
	Support of Time Window(s) indication for performing measurement 
	Support performing measurements on [indicated] DL PRS resources occurring within indicated time window(s).

	[13-1]
	No
	
	
	Per UE
	N/A
	N/A
	N/A
	Need for location server to know if the feature is supported
	Optional with capability signaling



4.3 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

	NR_pos_enh2	
	X-LPHAP-1
	Area-specific positioning SRS transmission in RRC_INACTIVE state for initial UL BWP
	Support of area-specific positioning SRS transmission in RRC_INACTIVE state for initial UL BWP
	
	
	
	Area-specific Positioning SRS transmission in RRC_INACTIVE state for initial UL BWP is not supported
	Per band
	n/a
	n/a
	n/a
	
Need for location server to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-2
	Area-specific Positioning SRS transmission in RRC_INACTIVE state configured outside initial UL BWP 
	Support of Area-specific Positioning SRS transmission in RRC_INACTIVE state configured outside initial UL BWP 
	27-15
	Yes
	
	Area-specific Positioning SRS transmission in RRC_INACTIVE state configured outside initial UL BWP is not supported
	Per band
	n/a
	n/a
	n/a
	
Need for location server to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-3
	PathLoss estimate maintenance across all cells for area-specific SRS transmission in RRC_INACTIVE
	1. Max number of pathloss estimates that the UE can simultaneously maintain for all the area-specific SRS resource sets for positioning
· Candidate values are {1, 4, 8, 16}
	
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.


	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-4
	Spatial relation maintenance across all cells for area-specific SRS transmission in RRC_INACTIVE
	1. Max Number of maintained spatial relations for all the area-specific SRS resource sets for positioning across all serving cells.
Values = {0,1,2,4,8,16}
	
	Yes
	N/A
	
	Per UE
	No
	No (FR2 only)
	N/A
	Need for location server to know if the feature is supported.


	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-5
	UE autonomous UL timing determinaton for area-specific SRS for Positioning in RRC_INACTIVE
	Support the UE to autonomously adjust the TA such that the UL timing remains constant with respect to the UL timing before reselecting to the new camping cell, when the DL reference timing difference between the last camping cell and the new camping cell exceeds a threshold.
	
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-6
	Preconfiguration of multiple SRS for positioning
	Maximum number of SRS for Positioning pre-configurations for RRC_INACTIVE state
	
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-7
	PRS processing in RRC_IDLE
	Support of PRS processing in RRC_IDLE
	13-1
	Yes
	
	PRS processing in RRC_INACTIVE is not supported
	per band
	n/a
	n/a
	n/a
	Note: UE supporting this feature shall support at least one from DL RSTD, DL PRS-RSRP, or UE Rx – Tx time difference measurement
	Optional with capability signaling.

	NR_pos_enh2	
	X-LPHAP-8
	DL PRS processing capabilities in RRC_IDLE state
	1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE

3. Max number of DL PRS resources that UE can process in a slot 
	
	No
	
	DL PRS processing in RRC inactive state is not supported
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: {Type 1, Type 2}

Component 2 candidate values:
T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Component 3 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Need for location server to know if the feature is supported

Note: Having the PRS processing capabilities in RRC_Idle state does not imply that LMF is aware of or controlling UE RRC state
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-9
	Support of PRS measurement in RRC_IDLE state for DL-TDOA
	Support of PRS measurement in RRC_IDLE state for DL-TDOA - location server
	13-3, 27-6
	No
	
	PRS measurement in RRC_IDLE state for DL-TDOA is not supported
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

Note: Applicable for both UE-assisted and UE-based DL-TDOA

Note: PRS capabilities for DL-TDOA measurement and reporting described in FGs in 13-3, 13-3a, 13-3b, 13-6, 13-13 are the same for RRC Inactive.

Support of PRS processing measurement in RRC_IDLE state does not imply that LMF is aware of or controlling UE RRC state
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-10
	Support of PRS measurement in RRC_IDLE state for DL-AoD
	Support of PRS measurement in RRC_IDLE state for DL-AoD - location server
	13-2, 27-6
	No
	
	PRS measurement in RRC_IDLE state for DL-AoD is not supported
	per band
	n/a
	n/a

	n/a
	Need for location server to know if the feature is supported.

Note: Applicable for both UE-assisted and UE-based DL-AoD

Note: PRS capabilities for DL-AOD measurement and reporting described in FGs 13-2, 13-2a, 13-2b, 13-5, 13-13 are the same for RRC Inactive.

Support of PRS processing measurement in RRC_IDLE state does not imply that LMF is aware of or controlling UE RRC state
	Optional with capability signaling

	NR_pos_enh2	
	X-LPHAP-11
	Support of PRS measurement in RRC_IDLE state for Multi-RTT
	1. Support of PRS measurement in RRC_IDLE state for Multi-RTT - location server
	13-4, 13-11, 27-6
	No
	
	PRS measurement in RRC_IDLE state for Multi-RTT is not supported 
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

Note: PRS capabilities for Multi-RTT measurement and reporting described in FGs in 13-4, 13-4a, 13-4b, 13-11, 13-11a, 13-14 are the same for RRC Inactive

Support of PRS processing measurement in RRC_IDLE state does not imply that LMF is aware of or controlling UE RRC state
	Optional with capability signaling



4.4 PRS/SRS BW Aggregation
	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




	NR_pos_enh2	
	X-Agg-1
	DL PRS processing  capabilities for aggregated PRS processing of 2 PFLs in intra-band contiguous within a MG
	1. Maximum DL PRS bandwidth in MHz for each PFL, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}

2. Maximum DL PRS bandwidth in MHz summed across both PFLs, which is supported and reported by UE.
a)	FR1 bands: {10, 20, 40, 50, 80, 100, 160, 200}
b)	FR2 bands: {100, 200, 300, 400, 600, 800}

3. DL PRS buffering capability for each PFL: Type 1 or Type 2
a) Type 1 – sub-slot/symbol level buffering
b) Type 2 – slot level buffering

4. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz for each PFL, which is supported and reported by UE.
a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

5. [bookmark: _Hlk132830317]Max number of DL PRS resources that UE can process in a slot for each PFL:
a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.

	[13-1]
	No
	
	Aggregated PRS processing of 2 PFLs in this band is not supported
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

Notes for component 4:
a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz in each of the PFLs supported by UE

b. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value in each PFL

d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band, the UE does not support this PRS aggregation in this band.

Note for component 5: This is not applicable for 1-symbol PRS


	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-2
	DL PRS processing  capabilities for aggregated PRS processing of 3 PFLs in intra-band contiguous within a MG
	1. Maximum DL PRS bandwidth in MHz for each PFL, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}

2. Maximum DL PRS bandwidth in MHz summed across both PFLs, which is supported and reported by UE.
a)	FR1 bands: { 10, 15, 20, 30, 40, 50, 60, 80, 100, 120, 150, 180, 200, 240, 300}
b)	FR2 bands: { 150, 200, 300, 400, 600, 800, 1000, 1200}

3. DL PRS buffering capability for a PFL: Type 1 or Type 2
c) Type 1 – sub-slot/symbol level buffering
d) Type 2 – slot level buffering

4. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz for each PFL, which is supported and reported by UE.
c) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
d) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

5. Max number of DL PRS resources that UE can process in a slot for each PFL:
a. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.

	[13-1, X-Agg-1]
	No
	
	Aggregated PRS processing of 3 PFLs in this band is not supported
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

Notes for component 4:
a.UE reports one combination of (N, T) values per band, where N is a duration of DL PRS symbols in ms processed every T ms for a given maximum bandwidth (B) in MHz in each of the PFLs supported by UE

b. UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value in each PFL

d.UE DL PRS processing capability is agnostic to DL PRS comb factor configuration

e.The reporting of (N, T) values for maximum BW in MHz is not dependent on SCS

Note: if the UE does not indicate this capability for a band, the UE does not support this PRS aggregation in this band.

Note for component 5: This is not applicable for 1-symbol PRS

	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-3
	Support of  UE Rx TEGs for measuring the same aggregated DL PRS resources
	The maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS aggregated PRS resources
	
	No
	
	Up to 1 RxTEG is used to measure the same aggregated DL PRS resources of a TRP
	 per band
	n/a
	n/a
	n/a
	The candidate values are {2, 3, 4, 6, 8}

Need for location server to know if the feature is supported

	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-4
	Support of  UE Rx TEGs for measuring the same aggregated DL PRS resources simultaneously
	The maximum number of  UE Rx TEGs for measuring the same aggregated DL PRS resources simultaneously
	27-1-4
	No
	
	No assumption can be made regarding multiple Rx TEGs measuring the same aggregated DL PRS resources simultaneously
	Per band
	n/a
	n/a
	n/a
	The candidate values are {1,2,3,4,6,8}

Need for location server to know if the feature is supported.
	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-5
	M-sample aggregated measurements in RRC_CONNECTED
	The capability to support reporting an aggregated measurement based on measuring M=1 or 2 samples (instances) of aggregated DL PRS resources
	13-1
	No
	
	If the UE does not provide the capability, the UE is assumed to support M=4 only
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported

Note: this feature is supported for both UE-assisted and UE based positioning
	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-6
	Aggregated SRS Transmissions of 2 SRS for Positioning in intra-band contiguous CCs in RRC_Connected state
	Support of Aggregated SRS Transmissions of 2 SRS for Positioning in intra-band contiguous CCs. 
· The UE supports the simultaneous transmission in a coherent manner of 2 SRS resources in 2 intra-band contiguous CCs.

Note: No other signal is expected to be simultaneously transmitted with the 2 aggregated SRS resources in the band
	[13-8]c
	Yes
	
	Aggregated SRS Transmissions of 2 SRS for Positioning in intra-band contiguous CCs in this band is not supported
	per band








	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-7
	Aggregated SRS Transmissions of 3 SRS for Positioning in intra-band contiguous CCs in RRC_Connected state
	Support of Aggregated SRS Transmissions of 3 SRS for Positioning in intra-band contiguous CCs.
· The UE supports the simultaneous transmission in a coherent manner of 3 SRS resources in 3 intra-band contiguous CCs, each SRS resource on one CC. 

Note: No other channel is expected to be simultaneously transmitted with the 3 aggregated SRS resources in the band
	[13-8]
	Yes
	
	Aggregated SRS Transmissions of 3 SRS for Positioning in intra-band contiguous CCs in this band is not supported
	per band

	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-8
	Decoupled SRS for Positioning for aggregation from the UL communication CA in RRC_Connected state -  1 CC without PUSCH/PUCCH
	
1. the maximum SRS bandwidth supported for each SCS that UE supports within a single CC 
	[13-8]
	Yes
	
	If the UE doesn’t report this feature, it doesn’t support the configuration of decoupled SRS for Positioning from the UL Communication CA
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: 
a) FR1 bands: {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100}
b) FR2 bands: {50, 100, 200, 400}

Note: Support the configuration and transmission of periodic SRS within a CC without PUSCH/PUCCH which can be linked for aggregation with an SRS configured within an UL active BWP of a regular UL communication CC



	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-9
	Decoupled SRS for Positioning for aggregation from the UL communication CA in RRC_Connected state -  2 CC without PUSCH/PUCCH
	1. Maximum SRS bandwidth supported for each SCS that UE supports within a single CC

	[X-Agg-8]
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Component 1 candidate values: 
c) FR1 bands: {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100}
d) FR2 bands: {50, 100, 200, 400}

Note: Support the configuration and transmission of periodic SRS within 2 CCs without PUSCH/PUCCH which can be linked for aggregation with an SRS configured within an UL active BWP of a regular UL communication CC
	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-10
	Guard time between and after for the decoupled SRS for Positioning
	1. Guard time needed before and after the aggregated SRS transmissions for the decoupled SRS for Positioning scenario

	[X-Agg-8]
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Values Up to RAN4
	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-11
	Aggregated SRS transmissions for 2 SRS for positioning in a band in RRC_INACTIVE state configured outside initial UL BWP 
	1. Support of aggregated SRS transmissions for 2 SRS for Positioning in a band in RRC_INACTIVE state configured outside initial UL BWP
2. TBD additional components based on further agreements
	[27-15b]
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported
	Optional with capability signaling

	NR_pos_enh2	
	X-Agg-12
	Aggregated SRS transmissions for 3 SRS for positioning in a band in RRC_INACTIVE state configured outside initial UL BWP 
	1. Support of aggregated SRS transmissions for 3 SRS for Positioning in a band in RRC_INACTIVE state configured outside initial UL BWP
2. TBD additional components based on further agreements
	[27-15b]
	Yes
	
	
	Per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported
	Optional with capability signaling



4.5 Redcap Frequency Hopping
	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

	NR_pos_enh2	
	X-Redcap-1
	Support of DL PRS Hopping and processing within a MG
	1. Maximum PRS BW per hop which is supported and reported by UE
a)	FR1 bands: {5, 10, 20}
b)	FR2 bands: {50, 100}

2. One or more Frequency domain overlap(s) between hops which are supported and reported by UE
a)	{1 PRB, 2 PRBs, 4 PRBs}

3. RF Rx retune times between consecutive hops which is supported and reported by the UE
a)	FR1 bands: {70 usec, 140 usec}
b)	FR2 bands: {35 usec, 70 usec}
Note: The UE is expected to support both intra-slot and inter-slot PRS hopping

	[13-1]
	No
	
	DL PRS frequency hopping is not supported
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported..
	Optional with capability signaling

	NR_pos_enh2	
	X-Redcap-2
	Support of Tx Frequency Hopping SRS for Positioning resources
	4. Maximum number of SRS BW per hop which is supported and reported by UE
a) FR1 bands: {5, 10, 20}
b) FR2 bands: {50, 100}

5. One or more Frequency domain overlap(s) between hops which are supported and reported by UE
a) {0 RPB, 1 PRB, 2 PRBs, 4 PRBs}

6. RF Tx retune times between consecutive hops which is supported and reported by the UE
a) FR1 bands: {70 usec, 140 usec}
b) FR2 bands: {35 usec, 70 usec, 140 usec}

7. Max number of Tx Frequency Hopping SRS Resource Sets for positioning supported by UE per CC. 
Values = {1, 2, 4, 8, 12, 16}.
8. Max number of P/SP/AP Tx Frequency Hopping SRS Resources for positioning per CC.
Values = {1,2,4,8,16,32,64}
9. Max number of P/SP/AP SRS Resources including the SRS resources for positioning per CC per slot.
Values = {1, 2, 3, 4, 5, 6, 8, 10, 12, 14}
10. Max number of periodic SRS Resources for positioning per CC.
 Values = {1,2,4,8,16,32,64}
11. Max number of periodic SRS Resources for positioning per CC per slot. 
Values = {1,2,3,4,5,6,8,10,12,14}
Note: The UE is expected to support intra-slot SRS Tx frequency hopping
	
	Yes
	
	Tx Frequency Hopping SRS for Positioning is not supported
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.

Note: No additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.

	Optional with capability signaling

	NR_pos_enh2	
	X-Redcap-3
	Support of SRS Tx inter-slot Frequency Hopping for SRS for Positioning
	Support of inter-slot repetition configuration for an SRS resource for positioning
	[X-Redcap-2]
	Yes
	
	Inter-slot SRS hopping is not supported
	per band
	n/a
	n/a
	n/a
	Need for location server to know if the feature is supported.
	Optional with capability signaling
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