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1 Introduction

RAN1 has already provide the initial version of the UE feature list for Rel-18 positioning, and RAN2 make some progress as well. In this contribution, we discuss required UE capabilities for Rel-18 NR positioning WI.

2 Discussion

2.1 How to handle positioning capabilities  

There were some agreement for Rel-17 NR UE capabilities as below [1]:

For Rel17 NR UE caps: 

· Aim to Work on mega CRs (one mega CR for TS38.306 and one for TS38.331) to incorporate all RAN1/RAN4 feature groups. ​There could be exceptions, case by case. 

· RAN2 should only implement the feature groups from the RAN1 and 4 feature list without any FFS (no highlighted yellow, [] and marked as FFS/TBD) into the CRs. Also Caps that are dependent on FFS Caps should not be implemented. 

· Include an annex containing the RAN2 determined UE capabilities in the feature list format in the running UE capability CRs (similar to annex containing RAN2 agreements) for easy compilation into the TR38.822 in the later stage.

· For capabilities developed in R2, WIs will provide input to the mega CR. 

Rel-17 positioning WI follow the same principle as above. We suggest the UE capabilities for Rel-18 positioning WI follow the Rel-17 positioning WI. 
Proposal 1: We suggest the principle of UE capabilities for Rel-18 positioning WI follow the Rel-17 positioning WI, including:

· RAN1/4 feature groups related to RRC/TS38.306 should be captured in the Mega CRs directly;

· RAN1/4 feature groups related to LPP/SLPP should be captured in LPP/SLPP running CR directly;

· RAN2 determined UE capabilities should be maintained in running UE capability CRs. RRC/TS38.306 should be merged into the Mega CRs and LPP/SLPP should be merged into LPP/SLPP running CR;

2.2 RAN1 feature list 

The initial RAN1 feature list for R18 positioning is provided in [R1-2306225]. Based on RAN2 guidance, all of them should not be implemented into CRs since all of them contains FFS (highlighted yellow, [] and marked as FFS/TBD.) Therefore here we only try to analyse potential RAN2 impact (see the last column RAN2 impact”.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional
	RAN2 impacts

	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
	
	
	
	
	
	
SLPP：
- UE to UE:
- UE to LMF:

RRC：
Extend BandSidelink IE in SidelinkParameters to include common SL PRS processing capability.

PC5 RRC:
Assuming all the SL positioning related capability is carried in SLPP capability message, instead of PC5-RRC capability. 
Applying to all of the following SL related items

	41. NR_pos_enh2
	41-1-2
	Receiving SL-PRS in a shared resource pool
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, to understand whether UE supports receiving SL-PRS;
It is included in CommonIEsProvideCapabilities

RRC：
No scheduling of SL-PRS, so gNB doesn't need this information.

	41. NR_pos_enh2
	41-1-3
	Receiving SL-PRS in a dedicated resource pool
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, to understand whether UE supports receiving SL-PRS;
It is included in CommonIEsProvideCapabilities

RRC：
No scheduling of SL-PRS, so gNB doesn't need this information.

	41. NR_pos_enh2
	41-1-4a
	Transmitting SL-PRS [scheme 1 and scheme 2] in a shared resource pool
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, to understand whether UE supports transmitting SL-PRS
Include in CommonIEsProvideCapabilities

RRC：
gNB needs to determine whether to configure scheme 1 or scheme 2, so gNB need this information.
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-4b
	Transmitting SL-PRS scheme 1 in a dedicated resource pool
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, to understand whether UE supports transmitting SL-PRS
Include in CommonIEsProvideCapabilities

RRC：
gNB needs to determine whether to configure scheme 1, so gNB need this information.
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-4c
	Transmitting SL-PRS scheme 2 in a dedicated resource pool
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes;
- UE to LMF: Yes, to understand whether UE supports transmitting SL-PRS;
It is included in CommonIEsProvideCapabilities

RRC：
gNB needs to determine whether to configure scheme 2, so gNB need this information.
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-5
	SL-PRS congestion control [in a dedicated/shared resource pool]
	
	
	
	
	
	
	SLPP：
- UE to UE: No;
- UE to LMF: No, congestion control is transparent to LMF;
It is included in CommonIEsProvideCapabilities

RRC：
gNB needs it to configure congestion control parameters to UE for mode 2.
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-7
	SL PRS measurement 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]
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, to understand whether UE supports SL-PRS measurement
It is included in CommonIEsProvideCapabilities
RRC：
SL-PRS measurement configuration/report is done at SLPP layer, so gNB doesn't need this information.

	41. NR_pos_enh2
	41-1-8
	Support of random selection [in a dedicated resource pool]
	FFS: merge with 41-1-4
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: No, SL radio resource selection is transparent to LMF
It is included in CommonIEsProvideCapabilities
RRC：
Yes, similar to sidelink. 
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-10
	Support of [full\partial] sensing [in a dedicated resource pool]
	FFS: merge with 41-1-4
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: No, SL radio resource selection is transparent to LMF
It is included in CommonIEsProvideCapabilities
RRC：
Yes, similar to sidelink. 
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-11
	TDM-based multiplexing of SL-PRS [transmission/reception] from different UEs in the same slot
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: No, SL radio resource allocation is transparent to LMF
It is included in CommonIEsProvideCapabilities
RRC：
Yes. 
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-12
	Comb-based multiplexing for SL-PRS [transmission/reception] from different UEs in the same slot
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: No, SL radio resource allocation is transparent to LMF
It is included in CommonIEsProvideCapabilities
RRC：
Yes. 
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-13
	Reporting the additional paths for SL positioning
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, to determine positioning methods
It is included in CommonIEsProvideCapabilities
RRC：

	41. NR_pos_enh2
	41-1-14
	LoS/NLoS indicator for SL positioning
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, for anchor UE selection;
It is included in CommonIEsProvideCapabilities
RRC：
No. Anchor UE selection is transparent to gNB.

	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
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: No;
It is included in CommonIEsProvideCapabilities
RRC：
Yes. gNB may need to configure PC parameters for SL.
Extend BandSidelink IE in SidelinkParameters to include this capability

	41. NR_pos_enh2
	41-1-19
	UE can provide ARP location for sidelink as assistance data
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, in case location calculation is located at LMF;
It is included in CommonIEsProvideCapabilities
RRC：
No. Location calculation is not located at gNB.

	41. NR_pos_enh2
	41-1-19a
	Report of ARP-ID with SL positioning measurements
	
	
	
	
	
	
	SLPP：
- UE to UE: Yes
- UE to LMF: Yes, in case location calculation is located at LMF;
It is included in CommonIEsProvideCapabilities
RRC：
No. Location calculation is not located at gNB.

	41. NR_pos_enh2
	41-2-1
	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
	
	
	
	
	
	37.355 Not sure to introduce a dependent positioning method or just extend the multi-RTT and DL-TDOA 
37.355
NR-DL-CPP-MeasurementCapability-r18
supportOfDL-PRS-RSCP-Meas_Connected-r18

	41. NR_pos_enh2
	41-2-1a
	DL RSCPD reporting based on DL PRS in RRC_CONNECTED
	
	
	
	
	
	
	37.355
NR-DL-CPP-MeasurementCapability-r18
supportOfDL-PRS-RSCPD-Meas_Connected-r18

	41. NR_pos_enh2
	41-2-2
	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
	
	
	
	
	
	37.355
NR-DL-CPP-MeasurementCapability-r18
supportOfDL-PRS-RSCP-Meas_Inactive-r18

	41. NR_pos_enh2
	41-2-2a
	DL RSCPD reporting based on DL PRS in RRC_INACTIVE
	
	
	
	
	
	
	37.355
NR-DL-CPP-MeasurementCapability-r18
supportOfDL-PRS-RSCPD-Meas_Inacitve-r18

	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]

	
	
	
	
	
	
	37.355
NR-DL-CPP-MeasurementCapability-r18
supportOfDL-PRS-RSCPD-Meas_Inacitve-r18

	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
	
	
	
	
	
	
37.355
ProvideCapabilities-r9-IEs
NR-DL-CPP-ProvideCapabilities-r18
NR-DL-CPP-MeasurementCapability-r18
NR-DL-CPP-AssistanceCapability-r18

	41. NR_pos_enh2
	41-3-1
	SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state for initial UL BWP
	
	
	
	
	
	
	38.331,38.306,37,355 
38.331 BandNR:&6.3.3  areaSRS-AllPosResourcesRRC-Inactive-r18 
38.306 BandNR parameters  areaSRS AllPosResourcesRRC-Inactive-r18 
37.355： SRS-CapabilityPerBand-r16  AreaPosSRS-RRC-Inactive-InInitialUL-BWP-r18

	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
	
	
	
	
	
	
	38.331,38.306,37,355 
38.331 BandNR:&6.3.3 areaPosSRS-RRC-Inactive-OutsideInitialUL-BWP-r18 
38.306 BandNR parameters  areaPosSRS-RRC-Inactive-OutsideInitialUL-BWP-r18 
37.355 SRS-CapabilityPerBand-r16  areaPosSRS-RRC-Inactive-OutsideInitialUL-BWP-r18

	41. NR_pos_enh2
	41-3-3
	[Processing capability for/Support of] PRS in RRC_IDLE
	
	
	
	
	
	
	37.355 PRS-ProcessingCapabilityPerBand-r16  supportedDL-PRS-Processing-RRC-Idle-r18

	41. NR_pos_enh2
	41-4-1
	DL PRS processing capabilities for aggregated PRS processing [of 2 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
	
	
	
	
	
	37.355 PRS-ProcessingCapabilityPerBand-r16  supportedDL-PRS-bandwidth-aggregation-r18

	41. NR_pos_enh2
	41-4-3
	Support of PRS bandwidth aggregation in RRC_CONNECTED — DL-TDOA
	
	
	
	
	
	
	37.355 NR-DL-TDOA-ProvideCapabilities-r16 PRS-bandwidthaggregation-RRC-Connected-Support-r18

	41. NR_pos_enh2
	41-4-3a
	Support of PRS bandwidth aggregation in RRC_CONNECTED —Multi-RTT
	
	
	
	
	
	
	37.355 NR-Multi-RTT-ProvideCapabilities-r16 PRS-bandwidthaggregation-RRC-Connected-Support-r18

	41. NR_pos_enh2
	41-4-4
	Support of PRS bandwidth aggregation in RRC_ INACTIVE — DL-TDOA
	
	
	
	
	
	
	37.355 NR-DL-TDOA-ProvideCapabilities-r16 PRS-bandwidthaggregation-RRC-Inactive-Support-r18

	41. NR_pos_enh2
	41-4-4a
	Support of PRS bandwidth aggregation in RRC_ INACTIVE —Multi-RTT
	
	
	
	
	
	
	37.355 NR-Multi-RTT-ProvideCapabilities-r16 PRS-bandwidthaggregation-RRC-Inactive -Support-r18

	41. NR_pos_enh2
	41-4-5
	Support of PRS bandwidth aggregation in RRC_IDLE — [DL-TDOA and Multi-RTT]
	
	
	
	
	
	
	37.355 NR-DL-TDOA-ProvideCapabilities-r16 PRS-bandwidthaggregation-RRC-Idle-Support-r18 
NR-Multi-RTT-ProvideCapabilities-r16 
PRS-bandwidthaggregation-RRC-Idle -Support-r18

	41. NR_pos_enh2
	41-4-6
	Support of positioning SRS bandwidth aggregation in RRC_CONNECTED
	
	
	
	
	
	
	38.331,38.306,37,355 
38.331 BandNR:&6.3.3  PosSRS-bandwidth-aggregation-RRC-Connectd-support-r18 
38.306 BandNR parameters  PosSRS-bandwidth-aggregation-RRC-Connectd-support-r18 
37.355 SRS-CapabilityPerBand-r16 PosSRS-bandwidth-aggregation-RRC-Connectd-support-r18

	41. NR_pos_enh2
	41-4-7
	Support of positioning SRS bandwidth aggregation independent from UL communication CA in RRC_CONNECTED
	
	
	
	
	
	
	38.331,38.306,37,355 
38.331 BandNR:&6.3.3 PosSRS-bandwidth-aggregation-independent-CA-RRC-Connectd-support-r18 
38.306 BandNR parameters PosSRS-bandwidth-aggregation-independent-CA-RRC-Connectd-support-r1
37.355： SRS-CapabilityPerBand-r16 PosSRS-bandwidth-aggregation-independent-CA-RRC-Connectd-support-r1

	41. NR_pos_enh2
	41-4-8
	Support of positioning SRS bandwidth aggregation in RRC_INACTIVE
	
	
	
	
	
	
	38.331,38.306,37,355 
38.331 BandNR:&6.3.3  PosSRS-bandwidth-aggregation-RRC-Inactive-support-r18 
38.306 BandNR parameters  PosSRS-bandwidth-aggregation-RRC-Inactive-support-r18 
37.355：SRS-CapabilityPerBand-r16 PosSRS-bandwidth-aggregation-RRC-Inactive-support-r18

	41. NR_pos_enh2
	41-5-1
	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
	
	
	
	
	
	37.355 
PRS-ProcessingCapabilityPerBand-r16 
PRS-frequency-hopping-Support-r18

	41. NR_pos_enh2
	41-5-2
	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
	
	
	
	
	
	38.331,38.306,37,355 
38.331 BandNR:&6.3.3  PosSRS-frequency-hopping-support-r18 
38.306 BandNR parameters  PosSRS-frequency-hopping-support-r18 
37.355 SRS-CapabilityPerBand-r16  PosSRS-frequency-hopping-support-r18


2.3 RAN2 feature list 

In this section, we discuss the RAN2 feature list for ‘SL positioning’ ‘RAT-dependent positioning integrity’ and ‘LPHAP’.

For SL positioning, the RAN2 related capabilities introduced in LPP for Uu positioning can be as baseline for RAN2 related SLPP capabilities:

· Mode: PositioningModes (Standalone, UE-based, UE-assisted)
· periodicalReporting: PositioningModes
· ten-ms-unit-ResponseTime
· Supported UE roles: anchor UE, target UE, server UE
· nr-PosCalcAssistanceSupport
· may not be needed if server UE role is indicated.
· scheduledLocationRequestSupported
· multiMeasInSameMeasReport
Proposal 2: For SL positioning, the RAN2 related LPP capability can be used as baseline for discussing of RAN2 related SLPP capability.
The following UE capabilities for RAT-dependent positioning should be addressed:

· Support of UE based RAT-dependent positioning integrity

· FFS on whether to introduce LPP capability “LMF based RAT-dependent positioning integrity”

Proposal 3:For RAT dependent positioning integrity, introduce LPP capability on ‘Support of UE based RAT-dependent positioning integrity’, FFS on whether to introduce LPP capability “LMF based RAT-dependent positioning integrity”.
The following UE capabilities for LPHAP should be addressed:
· Support of SRS with validity area
· Support of preconfigured SRS
· Support of PRS and DRX alignment 
Proposal 4: For LPHAP, introduce LPP capability on ‘Support of SRS with validity area’, ‘Support of preconfigured SRS’and ‘Support of PRS and DRX alignment’, the detailed capabilities are FFS.

Proposal 5: For LPHAP, introduce RRC capability on ‘Support of SRS with validity area’ and ‘Support of preconfigured SRS’, the detailed capabilities are FFS.

3 Conclusions 

In this contribution, we discussed the Rel-18 positioning UE capabilities, and provide the following proposals:
Proposal 1: We suggest the principle of UE capabilities for Rel-18 positioning WI follow the Rel-17 positioning WI, including:

· RAN1/4 feature groups related to RRC/TS38.306 should be captured in the Mega CRs directly;

· RAN1/4 feature groups related to LPP/SLPP should be captured in LPP/SLPP running CR directly;

· RAN2 determined UE capabilities should be maintained in running UE capability CRs. RRC/TS38.306 should be merged into the Mega CRs and LPP/SLPP should be merged into LPP/SLPP running CR

Proposal 2: For SL positioning, the RAN2 related LPP capability can be used as baseline for discussing of RAN2 related SLPP capability.

Proposal 3:For RAT dependent positioning integrity, introduce LPP capability on ‘Support of UE based RAT-dependent positioning integrity’, FFS on whether to introduce LPP capability “LMF based RAT-dependent positioning integrity”.
Proposal 4: For LPHAP, introduce LPP capability on ‘Support of SRS with validity area’, ‘Support of preconfigured SRS’and ‘Support of PRS and DRX alignment’, the detailed capabilities are FFS.

Proposal 5: For LPHAP, introduce RRC capability on ‘Support of SRS with validity area’ and ‘Support of preconfigured SRS’, the detailed capabilities are FFS.
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