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Introduction

The updated RAN1 feature list for R18 positioning is provided in [R1-2308523]. 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.)  In this contribution, we will only provide some general consideration on RAN1 feature list for SL positioning. The major discussion will be focusing on RAN2 feature list.
Discussion

SL positioning RAN1 feature list
According to the RAN1 feature list of SL positioning, some of them are RRC related capabilities, some are also SLPP related capabilties but marked as yellow. Thoughout the list of SL positioning capabilities, all of them seem to be common capabilties applicable to all SL positioning methods, one exception may be 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]), which could be positioning method specific, but requiring RAN1 to resolve the FFS first. 

RAN2 to confirm the understanding that all the SL positioning features in RAN1 feature list (except 41-1-7, for which is FFS) are common capabilities for all SL positioning methods. 
For those common SL positioning capabilities, if provided in SLPP capability, they can be captured in CommonIEsProvideCapabilities IE. For SL positioning method specific capabilities for SLPP, they can be captured in method specific capability IEs.

The RAN1 SL positioning features for RRC include per UE capabilities and per band capabilities.For per UE RRC capabilities, they can be captured in SidelinkParameters IE. For per band RRC capabilities, they can be captured in BandSidelink IE of SidelinkParameters IE.

- For SLPP capabilities, common capabilities for all SL positioning methods.

For SLPP related common SL positioning capabilities, they can be captured in CommonIEsProvideCapabilities IE.. For SLPP related positioning method specific SL positioning capabilities, they can be captured in method specific capability IEs.

For RRC related per UE SL positioning capabilities, they can be captured in SidelinkParameters IE. For RRC related per band SL positioning capabilities, they can be captured in BandSidelink IE of SidelinkParameters IE.

RAN2 feature list 

SL positioning
For sidelink positioning, since this is the first release, the discussion on RAN2 feature list can be based on the Uu positioning RAN2 feature list as a start point. The following is the R16 & R17 Uu positioning RAN2&3 feature list:
R16 Uu positioning RAN2&3 feature list:

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 37.355 [9]
	Parent IE in TS 37.355 [9]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	16. NR_pos-Core
	16-1
	Additional paths reporting 
	Indicates whether the UE supports additional paths reporting for Multi-RTT or DL-TDOA
	
	additionalPathsReport-r16
	NR-Multi-RTT-ProvideCapabilities-r16 or

NR-DL-TDOA-ProvideCapabilities-r16

LPP
	N/A
	N/A
	
	Optional with capability signalling

	
	16-2
	Periodical Reporting
	Indicates whether the UE supports periodical Reporting for NR ECID, DL-AoD, Multi-RTT or DL-TDOA
	
	periodicalReporting-r16
	NR-Multi-RTT-ProvideCapabilities-r16 or

NR-DL-TDOA-ProvideCapabilities-r16 or

NR-ECID-ProvideCapabilities-r16 or

NR-DL-AoD-ProvideCapabilities-r16

LPP
	N/A
	N/A
	
	Optional with capability signalling

	
	16-3
	Triggered Reporting
	Indicates whether the UE supports triggered Reporting for NR ECID
	
	triggeredReporting-r16
	NR-ECID-ProvideCapabilities-r16

LPP
	N/A
	N/A
	
	Optional with capability signalling

	
	16-4
	Positioning Modes for DL-TDOA
	Indicates what positoining mode the UE supports for DL-TDOA. The positioning mode incldues standalone, ue-based, and ue-assisted
	
	nr-DL-TDOA-Mode-r16
	NR-DL-TDOA-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling

	
	16-5
	Positioning Modes for DL-AoD 
	Indicates what positoining mode the UE supports for DL-TDOA. The positioning mode incldues standalone, ue-based, and ue-assisted
	
	nr-DL-AoD-Mode-r16
	NR-DL-AOD-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling


R17 Uu positioning RAN2&3 feature list:

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 37.355 [9]
	Parent IE in TS 37.355 [9]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	35. NR_pos_enh-Core
	35-1
	Scheduled Location Time
	Indicates whether the target device supports scheduled location requests.
	
	scheduledLocationRequestSupported-r17
	OTDOA-ProvideCapabilities or

A-GNSS-ProvideCapabilities or

ECID-Provide-Capabilities or

TBS-ProvideCapabilities or

Sensor-ProvideCapabilities or

WLAN-ProvideCapabilities or

BT-ProvideCapabilities or

NR-ECID-ProvideCapabilities or

NR-DL-TDOA-ProvideCapabilities or

NR-DL-AoD-ProvideCapabilities or

NR-Multi-RTT-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling

	
	35-2
	10 ms ganularity for response time
	Indicates whether the 'ten-milli-seconds' response time unit is supported by the target device. 
	
	ten-ms-unit-ResponseTime-r17
	NR-ECID-ProvideCapabilities or

NR-DL-TDOA-ProvideCapabilities or

NR-DL-AoD-ProvideCapabilities or

NR-Multi-RTT-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling

	
	35-3
	PRS validity area
	Indicates whether the target device supports validity conditions for pre-configured assistance data.
	
	nr-dl-prs-AssistanceDataValidity-r17
	NR-DL-TDOA-ProvideCapabilities or

NR-DL-AoD-ProvideCapabilities or

NR-Multi-RTT-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling

	
	35-4a
	On-demand PRS for DL-TDOA
	Indicates whether the target device supports on-demand DL-PRS requests for DL-TDOA.
	
	nr-DL-TDOA-On-Demand-DL-PRS-Support-r17
	NR-DL-TDOA-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling

	
	35-4b
	On-demand PRS request for DL-AoD
	Indicates whether the target device supports on-demand DL-PRS requests for DL-AoD.
	
	nr-DL-AoD-On-Demand-DL-PRS-Support-r17
	NR-DL-AoD-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling

	
	35-4c
	On-demand PRS request for multi-RTT
	Indicates whether the target device supports on-demand DL-PRS requests for Multi-RTT.
	
	nr-Multi-RTT-On-Demand-DL-PRS-Support-r17
	NR-Multi-RTT-ProvideCapabilities
	N/A
	N/A
	
	Optional with capability signalling


In the following, we will analysis the applicability of each of the above capabilities to SL positioning:

Positioning modes:
For positioning modes, Uu positioning supports standalone, UE based and UE assisted, and is indicated per positioning method. Standalone is only applicable to RAT independent positioning, e.g. Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals. Similarly, it is also not applicable to SL positioning, as SL positioning only supports RAT dependent positioning. UE based and UE assisted mode can be applicable to SL positioning methods, e..g SL-TDOA, SL-AOA, SL-RTT. For UE assisted mode, it means either server UE or LMF performs the location calculation.
Support capability signalling of positioning modes(i.e. UE based, UE assisted) per positioning method (SL-TDOA, SL-AOA, SL-RTT) in SLPP. 

Additional paths reporting:

For additional paths reporting, RAN1 has already defined the following UE capability, so RAN2 doesn’t need to define additional capabilities for this:
	41. NR_pos_enh2
	41-1-13
	Reporting the additional paths for SL positioning
	1. Maximum number of additional detected path timing reporting for K additional paths for SL positioning

2. Support of RSRPP reporting for additional paths


Periodical reporting:
For periodical reporting, Uu positioning defines capability support per positioning method. It is assumed that RAN2 will also support periodical reporting. Similarly, capability for periodical reporting per SL positioning method can be indicated.

Support capability signalling of periodical positioning per positioning method (SL-TDOA, SL-AOA, SL-RTT) in SLPP. 

Triggered reporting:

For triggered reporting, Uu positioning defines “cell change” trigger event for E-CID positioning method. For SL positioning, we do not see a need to introduce trigger event for SL-TDOA, SL-AOA, or SL-RTT. 
No trigger event is defined for SL positioning methods(SL-TDOA, SL-AOA, SL-RTT) and no capability signalling is needed.
Scheduled location time:

For Scheduled location time, according to the running 38.305, scheduled location time is applicable to SLPP:
	7.3
Service Layer Support using combined LPP, NRPPa, and SLPP Procedures

7.3.1
General

As described in TS 23.502 [26] and TS 23.273 [35], UE-positioning-related services can be instigated from the 5GC for an NI-LR or MT‑LR location service, or from the UE in case of an MO-LR location service. The complete sequence of operations in the 5GC is defined in TS 23.502 [26] and TS 23.273 [35]. This clause defines the overall sequences of operations that occur in the LMF, NG-RAN and UE as a result of the 5GC operations.

7.3.2
NI-LR and MT-LR Service Support

Figure 7.3.2-1 shows the sequence of operations for an NI-LR or MT-LR location service, starting at the point where the AMF initiates the service in the LMF.
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Figure 7.3.2-1: UE Positioning Operations to support an MT-LR or NI-LR

1.
The AMF sends a location request to the LMF for a target UE and may include associated QoS, the scheduled location time and the UE LPP positioning capabilities when available, as described in TS 23.273 [35].




For Uu positioning, scheduled location time was introduced in a later release, i.e. Rel-17, so a capability signalling has to be introduced. But for SL positioning, it is the first release, whether capability signalling is needed requires discussion. If so, whether it is applicable to all the SL positioning methods.

RAN2 to discuss whether capability signalling in SLPP is needed for scheduled location time. If so, whether it is applicable to all SL positioning methods(SL-TDOA, SL-AOA, SL-RTT).
10 ms granularity for response time:

RAN2 has agreed the following QoS info in RAN2 #121 [R2-2302255]:

	Regarding issue 2, from RAN2 perspective, SL positioning QoS parameters may include: 
- for absolute & relative positioning: absolute/relative horizontal accuracy, verticalCoordinateRequest, absolute/relative vertical accuracy, response time, and velocityRequest.
- for ranging: distance accuracy, direction accuracy, response time, and velocityRequest.


For response time, in Rel-17, 10ms finer granularity was introduced for NR RAT dependent Uu positioning. The issue is what the minimum response time will be defined for SL positioning and whether a capability will be needed for some lower value of response time.

RAN2 to discuss whether capability signalling in SLPP is needed for low value of response time(e.g. 10ms) if introduced and if so, whether it is per positioning method.
On-demand PRS request:
For Uu positioning, on-Demand PRS transmission procedure was introduced in Rel-17 to allow the LMF to control and decide whether PRS should be transmitted or not and whether the characteristics of an ongoing PRS transmission should be changed or not. 

No discussion related to this aspect has been discussed so far in SL positioning. We assumes this will not be considered in Rel-18 given the heavy burden in RAN2.
On-demand SL-PRS request will not be considered in Rel-18 and no capability is needed.
Other RAN2 related UE features:

UE roles:

UE roles will be provided in the discovery message. The issue is whether it is also provided in the SLPP capability message. In our understanding, discovery procedure is not mandatory and UE may skip it. So, UE roles needs to be provided in SLPP capability signalling. Whether the supported UE roles is different for different SL positioning method can be discussed. For UE role of “located UE” defined in SA2 , it is not defined in RAN2, RAN2 can use anchor UE with location instead.
Support capability signalling of UE roles (target UE, anchor UE, anchor UE with location, server UE) in SLPP. RAN2 to discuss whether it is per positioning method or not.
Uu Positioning 

RAT dependent positioning integrity 

In the running LPP CR, the UE capability on whether the UE supports the range of integrity risk (IR) had already captured for DL-TDOA and DL-AOD. 

The UE capability on supporting the range of integrity risk (IR) follows the running LPP CR.

In the last meeting, it was agreed that the DNU flags are provided per TRP and per error contribution (e.g., TRP location, RTD, beam information, etc.) in a new IE NR-Integrity-ServiceAlert. Therefore, the corresponding UE capabilities should be defined, and the UE capability indicates that UE supports the NR-Integrity-ServiceAlert per positioning method. 

The UE capability on UE supporting the DNU flag (NR-Integrity-ServiceAlert) should be defined respectively for DL-TDOA and DL-AoD.

RAN2 introduced error sources for RAT dependent positioning integrity, and the error sources are provided in the LPP provide assistance information message, which includes inter TRP synchronization error source and TRP location error source. We think the UE capability for each error source should be for DL-TDOA and DL-AoD.

The UE capability on UE supporting the inter TRP synchronization error source and TRP location error source should be defined for DL-TDOA and DL-AoD.
For the detailed capabilities on RAT dependent positioning integrity, we try to provide our initial thinking as below.

	Features
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 37.355 [9]
	Parent IE in TS 37.355 [9]
	comment
	Mandatory/Optional

	NR_pos_enh2
	Range of Intergity risk for DL-TDOA
	Indicates whether the target device supports the range of intergrity risk for DL-TDOA
	
	IntegritySup
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	Rangge of Intergity risk for DL-AoD
	I Indicates whether the target device supports the range of intergrity risk for DL-AoD
	
	IntegritySup
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	DNU flag for error source for DL-TDOA
	Indicates whether the target device supports DNU flag for DL-TDOA
	
	FFS
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	DNU flag for error source for DL-AoD
	Indicates whether the target device supports DNU flag for DL-AoD
	
	FFS
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	TRP locaiton error source for DL-TDOA
	Indicates whether the target device supports RTD error source for DL-TDOA.
	trpLocSup
The UE supports TRP locaton error source sould support field nr-TRP-LocationInfo in IE NR-PositionCalculationAssistance
	FFS
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	TRP locaiton error source for DL-AoD
	Indicates whether the target device supports RTD error source for DL-AoD
	trpLocSup
The UE supports TRP locaton error source sould support field nr-TRP-LocationInfo in IE NR-PositionCalculationAssistance
	FFS
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	Inter TRP syncronization error source for DL-TDOA
	Indicates whether the target device supports RTD error source for DL-TDOA.
	rtdInfoSup
The UE supports TRP locaton error source sould support field nr-RTD-Info in IE NR-PositionCalculationAssistance
	FFS
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling

	
	Inter TRP syncronization  error source for DL-AoD
	Indicates whether the target device supports nter TRP syncronization  error source for AoD.
	rtdInfoSup
The UE supports TRP locaton error source sould support field nr-RTD-Info in IE NR-PositionCalculationAssistance
	FFS
	nr-PosCalcAssistanceSupport-r17
	
	Optional with capability signalling


The detailed UE capabilities on RAT dependent positioning integrity in the table can be considered as start point. 
LPHAP
Regarding LPHAP, RAN1 had already defined three UE features as below:
	41. NR_pos_enh2
	41-3-1
	SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state for initial UL BWP
	1. SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state for initial UL BWP
[2. Maximum number of configured [cells] for SRS for positioning in RRC_INACTIVE state]

	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
	Support of 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
	Support of PRS measurement in RRC_IDLE
	Support of DL PRS measurement in RRC_IDLE for Rel. 17 methods the UE supports in RRC_INACTIVE [with measurement reporting when UE switches to RRC_CONNECTED mode]


For SRS with validity area, RAN2 agreed that UE can request SRS configuration by RRC message, so RAN2 should determine whether UE capability on SRS configuration request by RRC is needed or not. In our understanding, the SRS with validity area could still be worked even if UE doesn’t support to request SRS configuration by RRC message, thus the UE capability is needed.

The UE capability on UE supporting SRS request by RRC message should be defined.

RAN1 didn’t define UE capabilities on preconfigured SRS, the UE capability on preconfigured SRS is needed. And we understand the UE features on SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state is the precondition of the preconfigured SRS. And if the preconfigured SRS is supported, which means the activation indication of the pre-configuration SRS is supported. 

The UE capability on UE supporting preconfigured SRS should be defined.

RAN2 agreed UE-initiated on-demand PRS mechanism to support alignment of PRS to fixed (e)DRX. If there is no stage 3 spec impact, the capability is not needed.

FFS whether the UE capability on UE supporting alignment of PRS to fixed (e)DRX should be defined.

For the detailed capabilities on LPHAP, we try to provide our initial thinking as below.

	Features
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 37.355 or in TS38.331
	Parent IE in TS 37.355 or in TS 38.331
	comment
	Mandatory/Optional

	NR_pos_enh2
	SRS request
	Indicates whether the target device supports SRS request by RRC message
	
	FFS
	RRC

BandNR

LPP

NR-UL-SRS-Capability
	
	Optional with capability signalling

	
	Perconfigured SRS
	Indicates whether the target device supports the preconfigured SRS
	41-3-1
SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state for initial UL BWP
41-3-2
SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state configured outside initial UL BWP
	FFS
	RRC

BandNR

LPP

NR-UL-SRS-Capability
	
	Optional with capability signalling

	
	Alignment of PRS to fixed (e)DRX for DL-TDOA
	Indicates whether the target device supports Alignment of PRS to fixed (e)DRX for DL-TDOA
	On-demand PRS for DL-TDOA
	FFS
	LPP
NR-DL-TDOA-ProvideCapabilities
	
	Optional with capability signalling

	
	Alignment of PRS to fixed (e)DRX for DL-AoD
	Indicates whether the target device supports Alignment of PRS to fixed (e)DRX for DL-AoD
	On-demand PRS request for DL-AoD
	FFS
	LPP
NR-DL-AoD-ProvideCapabilities
	
	Optional with capability signalling

	
	Alignment of PRS to fixed (e)DRX for multi-RTT
	Indicates whether the target device supports Alignment of PRS to fixed (e)DRX for mulit-RTT
	On-demand PRS request for multi-RTT
	FFS
	LPP

NR-Multi-RTT-ProvideCapabilities
	
	Optional with capability signalling


The detailed UE capabilities on LPHAP in the table can be considered as start point. 
Conclusions 

In this contribution, we discussed the Rel-18 positioning UE capabilities, and provide the following proposals:

RAN1 feature list

RAN2 to confirm the understanding that all the SL positioning features in RAN1 feature list (except 41-1-7, for which is FFS) are common capabilities for all SL positioning methods. 
For SLPP related common SL positioning capabilities, they can be captured in CommonIEsProvideCapabilities IE.. For SLPP related positioning method specific SL positioning capabilities, they can be captured in method specific capability IEs.

For RRC related per UE SL positioning capabilities, they can be captured in SidelinkParameters IE. For RRC related per band SL positioning capabilities, they can be captured in BandSidelink IE of SidelinkParameters IE.

RAN2 feature list

Sidelink positioning
Support capability signalling of positioning modes(i.e. UE based, UE assisted) per positioning method (SL-TDOA, SL-AOA, SL-RTT) in SLPP. 

Support capability signalling of periodical positioning per positioning method (SL-TDOA, SL-AOA, SL-RTT) in SLPP. 

No trigger event is defined for SL positioning methods(SL-TDOA, SL-AOA, SL-RTT) and no capability signalling is needed.
RAN2 to discuss whether capability signalling in SLPP is needed for scheduled location time. If so, whether it is applicable to all SL positioning methods(SL-TDOA, SL-AOA, SL-RTT).
RAN2 to discuss whether capability signalling in SLPP is needed for low value of response time(e.g. 10ms) if introduced and if so, whether it is per positioning method.
On-demand SL-PRS request will not be considered in Rel-18 and no capability is needed.
Support capability signalling of UE roles (target UE, anchor UE, anchor UE with location, server UE) in SLPP. RAN2 to discuss whether it is per positioning method or not.
The UE capability on UE supporting the inter TRP synchronization error source and TRP location error source should be defined for DL-TDOA and DL-AoD.
Uu positioning

RAT dependent positioning integrity

The UE capability on supporting the range of integrity risk (IR) follows the running LPP CR.

The UE capability on UE supporting the DNU flag (NR-Integrity-ServiceAlert) should be defined respectively for DL-TDOA and DL-AoD.

The detailed UE capabilities on RAT dependent positioning integrity in the table can be considered as start point. 
LPHAP

The UE capability on UE supporting SRS request by RRC message should be defined.

The UE capability on UE supporting preconfigured SRS should be defined.

FFS whether the UE capability on UE supporting alignment of PRS to fixed (e)DRX should be defined.

The detailed UE capabilities on LPHAP in the table can be considered as start point. 
References
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