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1 Introduction

RAN1 has sent RAN1 feature list in R1-2310635, RAN2 also agreed some RAN2 related capabilities:

Agreements:

Introduce the UE capability on supporting positioning mode(i.e. UE based, UE assisted) per positioning method in SLPP. 

Introduce the UE capability on supporting periodical reporting per positioning method in SLPP.

Introduce the UE capability on supporting lower value of response time (e.g. 10ms) per positioning method in SLPP.

Introduce a single UE capability on supporting RAT-dependent positioning integrity for DL-TDOA and DL-AoD respectively.  Additional finer-grained capabilities are not excluded if a need is found.

Introduce the UE capability on UE supporting preconfigured SRS, in both RRC and LPP.

Don’t introduce the UE capability on supporting activation indication/request of the pre-configuration SRS preconfigured SRS, it can be a component for the capability on supporting pre-configured SRS.

Working assumption:

Don’t introduce the UE capability on supporting alignment of PRS to fixed (e)DRX.

In this contribution, we provide the open issues relating to RAN1 and RAN2 UE feature list and the proposals on how to handle the open issues as well.
2 Discussion
2.1 Open issue list 

Open issue 1: the applicable SL positioning methods of each RAN1 UE feature
In RAN1 UE feature list, it is unclear about the applicable SL positioning methods of some features, the following lists the assumed positioning method for each RAN1 feature, which requires RAN2 confirmation:
	COMMON for all SL-PRS related positioning method
	41-1-1
	Common SL PRS Processing Capability in a SL BWP

	
	41-1-1
	Common SL PRS Processing Capability in a SL BWP

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

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

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

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

	
	41-1-4c
	Transmitting SL-PRS mode 2 in a dedicated resource pool

	
	41-1-5
	SL-PRS congestion control in a dedicated resource pool

	
	41-1-7e
	SL PRS measurement for SL PRS-RSRP

	
	41-1-7f
	SL PRS measurement for SL PRS-RSRPP

	
	41-1-8
	Support of random selection in a dedicated resource pool

	
	41-1-10
	Support of full sensing in a dedicated resource pool

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

	
	41-1-12
	Comb-based multiplexing for SL-PRS reception from different UEs in the same slot in dedicated resource pool

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

	
	41-1-14
	LoS/NLoS indicator for SL positioning [per measurement]

	
	41-1-17
	Open loop SL pathloss based power control and SL RSRP report [for dedicated resource pool]

	
	41-1-19
	ARP location provision for sidelink as assistance data

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

	
	
	

	SL-RTT
	41-1-7c
	SL PRS measurement for UE Rx – Tx time difference without Tx time stamp

	
	41-1-7d
	SL PRS measurement for UE Rx – Tx time difference with Tx time stamp

	SL-TDOA
	41-1-7a
	SL PRS measurement for SL-RSTD

	
	
	

	SL-TOA
	41-1-7b
	SL PRS measurement for SL RTOA

	SL-AOA
	41-1-7g
	SL PRS measurement for SL AoA

	
	
	


Besides, there is the following editor note in 38.355:

· 35 Editor's note
FFS on whether any positioning method specific capability IEs should be grouped by positioning method.

RAN2 also needs to address the above editor note.

Open issue 2: whether periodical reporting capability is indicated per positioning mode per positioning method.

RAN2 has agreed to indicate periodical reporting capability per positioning method. However, for Uu DL-TDOA/DL-AOD positioning, periodical reporting capability is indicated per positioning mode per positioning method. RAN2 needs to further consider whether periodical reporting capability is indicated per positioning mode per positioning method.

Open issue 3: whether [10ms] granularity response time capability is indicated per positioning mode per positioning method.

RAN2 has agreed to indicate 10ms granularity response time capability per positioning method. However, for Uu DL-TDOA/DL-AOD positioning, 
10ms granularity response time capability is indicated per positioning mode per positioning method. RAN2 needs to further consider whether 10ms granularity response time is indicated per positioning mode per positioning method.

Open issue 4: for UE-only mode, if server UE calculates the position, whether positioning mode is referred as UE-based, UE-assisted, or standalone mode.

The definition of UE-based, UE-assisted and standalone in TS38.305 is as below:

	As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based".


	Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported.


According to the above definition, for UE-only mode, if server UE calculates the position, the positioning mode is more like standalone mode instead of UE-based mode, since in this case it is not the UE itself calculates its own location.
Open issue 5: whether capability for scheduled location time function (if supported) is needed. If so, whether it is indicated per positioning mode per positioning method.
In last RAN2 meeting, the capability on scheduled location time is discussed but no conclusion is made due to no consensus on whether scheduled location time functionality is supported or not. If supported, RAN2 needs to discuss whether scheduled location time capability is needed or not. If needed, whether it is indicated per positioning mode per positioning method.
Open issue 6: whether to introduce the UE capability on UE roles (anchor UE, server UE, target UE, anchor UE with location) in SLPP. If so, which roles are considered.
In last RAN2 meeting, RAN2 discussed on whether to introduce the UE capability on UE roles (anchor UE, server UE) in SLPP. No conclusion was made. The major concern is this information may be carried together with candidate anchor UE list outside UE capabilities. But this requires that discovery procedure is performed in advance.
Open issue 7: the details of request capability.

According to [Post123bis][412][POS] TS 38.355 (Intel), the details of request capability message will be discussed in capability discussion. According to the current draft TS 38.355:

	–
RequestCapabilities
-- ASN1START

-- TAG-REQUESTCAPABILITIES-START

RequestCapabilities ::= SEQUENCE {

    criticalExtensions      CHOICE {

        requestCapabilities         RequestCapabilities-IEs,

        criticalExtensionsFuture    SEQUENCE {}

    }

}

RequestCapabilities-IEs ::= SEQUENCE {

    commonIEsRequestCapabilities                  OCTET STRING    OPTIONAL, -- Containing CommonIEsRequestCapabilities

    commonSL-PRS-MethodsIEsRequestCapabilities    OCTET STRING    OPTIONAL, -- Containing CommonSL-PRS-MethodsIEsRequestCapabilities

    sl-AoA-RequestCapabilities                    OCTET STRING    OPTIONAL, -- Containing SL-AoA-RequestCapabilities

    sl-RTT-RequestCapabilities                    OCTET STRING    OPTIONAL, -- Containing SL-RTT-RequestCapabilities

    sl-TDOA-RequestCapabilities                   OCTET STRING    OPTIONAL, -- Containing SL-TDOA-RequestCapabilities

    sl-TOA-RequestCapabilities                    OCTET STRING    OPTIONAL, -- Containing SL-TOA-RequestCapabilities

    lateNonCriticalExtension                      OCTET STRING    OPTIONAL,

    nonCriticalExtension                          SEQUENCE {}     OPTIONAL

}

-- TAG-REQUESTCAPABILITIES-STOP

-- ASN1STOP




RAN2 needs to decide the contents of each IEs in the request capabilities. Currently, rapporteur has not identified any information that needs to be contained in any of the IEs in the request capabilities. Companies are encouraged to provide contribution if any information is identified necessary.
Open issue 8: whether capability related to server UE should be defined.

For example, whether we should introduce supported positioning methods for server UE capability. Or any other server UE functionalities should be introduced.
Open issue 9: Whether Additional finer-grained capabilities for RAT dependent positioning integrity is needed or not.

Open issue 10: Whether the UE capability on supporting alignment of PRS to fixed (e)DRX is needed or not.

Open issue 11: Whether the UE capability on supporting SRS with validity area request by RRC message is needed or not.

In addition, according to the discussion in last RAN2 meeting, whether to support scheduled location time and triggered event will not be discussed in capability discussion. Only capability signalling will be discussed in capability discussion when they are determined to be supported.
2.2 Proposals for SL positioning related open issues

Open issue 1: the applicable SL positioning methods of each RAN1 UE feature
In RAN1 UE feature list, it is unclear about the applicable SL positioning methods of some features, the following lists the assumed positioning method for each RAN1 feature, which requires RAN2 confirmation:
	COMMON for all SL-PRS related positioning method
	41-1-1
	Common SL PRS Processing Capability in a SL BWP

	
	41-1-1
	Common SL PRS Processing Capability in a SL BWP

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

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

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

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

	
	41-1-4c
	Transmitting SL-PRS mode 2 in a dedicated resource pool

	
	41-1-5
	SL-PRS congestion control in a dedicated resource pool

	
	41-1-7e
	SL PRS measurement for SL PRS-RSRP

	
	41-1-7f
	SL PRS measurement for SL PRS-RSRPP

	
	41-1-8
	Support of random selection in a dedicated resource pool

	
	41-1-10
	Support of full sensing in a dedicated resource pool

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

	
	41-1-12
	Comb-based multiplexing for SL-PRS reception from different UEs in the same slot in dedicated resource pool

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

	
	41-1-14
	LoS/NLoS indicator for SL positioning [per measurement]

	
	41-1-17
	Open loop SL pathloss based power control and SL RSRP report [for dedicated resource pool]

	
	41-1-19
	ARP location provision for sidelink as assistance data

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

	
	
	

	SL-RTT
	41-1-7c
	SL PRS measurement for UE Rx – Tx time difference without Tx time stamp

	
	41-1-7d
	SL PRS measurement for UE Rx – Tx time difference with Tx time stamp

	SL-TDOA
	41-1-7a
	SL PRS measurement for SL-RSTD

	
	
	

	SL-TOA
	41-1-7b
	SL PRS measurement for SL RTOA

	SL-AOA
	41-1-7g
	SL PRS measurement for SL AoA

	
	
	


Proposal 1 RAN2 to confirm the above understanding relating to the applicable positioning methods of each RAN1 feature. 
Regarding the following editor note is 38.355, we think it would be much clearer to indicate positioning method specific capability in the positioning method specific IE.
· 35 Editor's note
FFS on whether any positioning method specific capability IEs should be grouped by positioning method.

Proposal 2 RAN2 to agree that positioning method specific capabilities are included in the positioning method specific capability IE. 
Open issue 2: whether periodical reporting capability is indicated per positioning mode per positioning method.

RAN2 has agreed to indicate periodical reporting capability per positioning method. However, for Uu DL-TDOA/DL-AOD positioning, periodical reporting capability is indicated per positioning mode per positioning method. We think SL positioning can align this with Uu positioning, i.e. periodical reporting capability is indicated per positioning mode per positioning method.

Proposal 3 RAN2 to agree that periodical reporting capability is indicated per positioning mode per positioning method. 
Open issue 3: whether [10ms] granularity response time capability is indicated per positioning mode per positioning method.

RAN2 has agreed to indicate 10ms granularity response time capability per positioning method. However, for Uu DL-TDOA/DL-AOD positioning, 
10ms granularity response time capability is indicated per positioning mode per positioning method. We think SL positioning can align this with Uu positioning, i.e. 10ms granularity response time is indicated per positioning mode per positioning method.

Proposal 4 RAN2 to agree that 10ms granularity response time is indicated per positioning mode per positioning method. 
Open issue 4: for UE-only mode, if server UE calculates the position, whether positioning mode is referred as UE-based, UE-assisted, or standalone mode, or define new mode.

The definition of UE-based, UE-assisted and standalone in TS38.305 is as below:

	As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based".


	Standalone mode (e.g. autonomous, without network assistance) using one or more methods from the list of positioning methods above is also supported.


According to the above definition, for UE-only mode, if server UE calculates the position, the positioning mode is not fit into UE based, UE assisted and standalone mode. There are two ways to solve the issue, one way is to update the definition of UE based mode or UE assisted mode to accommodate the above case. The other way is to define a new mode. In our view, it would be better to define a new mode, as it requires different UE capability compared to the other modes, and it can not be indicated by UE role. For example, if UE indicates the server UE role in discovery message, it means that it can be the server UE of other UEs. If UE doesn’t want to be the server UE to serve other UEs, it will not indicate the role of server UE in the discovery message, but it doesn’t mean that it cannot serve itself. Therefore, we suggest to have 3 positioning modes:

- UE assisted LMF based: an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate.

- UE assisted server UE based: an operation in which measurements are provided by the UE to the server UE to be used in the computation of a position estimate.
- UE based: an operation in which UE computes its own position.

Proposal 5 RAN2 agrees to have the following three SL positioning modes: 
- UE assisted LMF based: an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate.

- UE assisted server UE based: an operation in which measurements are provided by the UE to the server UE to be used in the computation of a position estimate.
- UE based: an operation in which UE computes its own position.

Open issue 5: whether capability for scheduled location time function (if supported) is needed. If so, whether it is indicated per positioning mode per positioning method.
In last RAN2 meeting, the capability on scheduled location time is discussed but no conclusion is made due to no consensus on whether scheduled location time functionality is supported or not. If supported, RAN2 needs to discuss whether scheduled location time capability is needed or not. If needed, whether it is indicated per positioning mode per positioning method. In our view, if scheduled location time is supported, corresponding capability should be introduced.

Proposal 6  If scheduled location time is supported, corresponding capability is introduced and indicated per positioning mode per positioning method. 
Open issue 6: whether to introduce the UE capability on UE roles (anchor UE, server UE, target UE, anchor UE with location) in SLPP. If so, which roles are considered.
In last RAN2 meeting, RAN2 discussed on whether to introduce the UE capability on UE roles (anchor UE, server UE) in SLPP. No conclusion was made. The major concern is this information may be carried together with candidate anchor UE list outside UE capabilities. But this requires that discovery procedure is performed in advance. In some use cases, the discovery procedure may not be needed. For example, if UE would like to perform relative positioning with a specific UE whose L2 ID is already known to the UE, no discovery procedure is needed. Actually, for sidelink communication, it is already supported, i.e. if UE has the target UE’s L2 ID, UE can send Direct Communication Request message using unicast with the target UE’s unicast destination ID. Otherwise, UE sends Direct Communication Request message using broadcast with a broadcast destination ID. Some may argue that UE anyway has to discovery the target UE at the very first time and can store the UE roles received at that time. The issue is that the UE role supported by the UE may change. For example, if UE doesn’t want to be server UE any more, it can choose not to indicate server UE role. To support this scenario, we can not always rely on discovery message to carry UE roles. UE roles have to be indicated in the capability signalling. 

Regarding which UE roles should be signalled in the capability signalling, target UE role may not be needed, as the LMF or the server UE can know which UE is target UE based on LCS-SS or location service request. Anchor UE and server UE role are needed for anchor and server UE selection. Located UE defined in SA2 is equals to anchor UE with location, which is also important for anchor UE selection for absolute positioning and should be indicated. Since UE can support multiple UE roles, UE should be able to indicate multiple UE roles.

Proposal 7  Supported UE roles are included in the capability signalling. 

Proposal 8  The UE roles in the capability signalling include anchor UE, anchor UE with location (i.e. located UE), server UE. UE can indicate the support of multiple UE roles.

Open issue 7: the details of request capabilities.

	–
RequestCapabilities
-- ASN1START

-- TAG-REQUESTCAPABILITIES-START

RequestCapabilities ::= SEQUENCE {

    criticalExtensions      CHOICE {

        requestCapabilities         RequestCapabilities-IEs,

        criticalExtensionsFuture    SEQUENCE {}

    }

}

RequestCapabilities-IEs ::= SEQUENCE {

    commonIEsRequestCapabilities                  OCTET STRING    OPTIONAL, -- Containing CommonIEsRequestCapabilities

    commonSL-PRS-MethodsIEsRequestCapabilities    OCTET STRING    OPTIONAL, -- Containing CommonSL-PRS-MethodsIEsRequestCapabilities

    sl-AoA-RequestCapabilities                    OCTET STRING    OPTIONAL, -- Containing SL-AoA-RequestCapabilities

    sl-RTT-RequestCapabilities                    OCTET STRING    OPTIONAL, -- Containing SL-RTT-RequestCapabilities

    sl-TDOA-RequestCapabilities                   OCTET STRING    OPTIONAL, -- Containing SL-TDOA-RequestCapabilities

    sl-TOA-RequestCapabilities                    OCTET STRING    OPTIONAL, -- Containing SL-TOA-RequestCapabilities

    lateNonCriticalExtension                      OCTET STRING    OPTIONAL,

    nonCriticalExtension                          SEQUENCE {}     OPTIONAL

}

-- TAG-REQUESTCAPABILITIES-STOP

-- ASN1STOP




RAN2 needs to decide the contents of each IEs in the request capabilities. Currently, we have not identified any information that needs to be contained in any of the IEs in the request capabilities. 
Open issue 8:whether capability related to server UE should be defined

For example, whether we should introduce supported positioning methods for server UE capability. Or any other server UE functionalities should be introduced.

Server UE performs the following functionality:

- Location calculation;

- Assistant data distribution;

- Anchor UE selection;

- positioning method determination;

- SL-PRS configuration coordination;

In our view, if a UE declare itself as server UE, it should support all of the above functionalities, otherwise, the server UE functionality is not complete and the whole SL positioning procedure cannot be performed. So no capability is needed for any of the above functionality. The only issue is whether server UE needs to support all the positioning methods. If server UE only supports some of the positioning methods, it can still serve other UEs to perform a whole positioning procedure regarding the supported positioning methods. The advantage of allowing server UE supporting part of positioning methods is that it reduces the capability requirement for the server UE, and as a result increase the amount of available server UEs. The follow up issue is whether target UE needs to know the supported positioning methods of server UE. We think it is needed. For example, if target UE supports only SL-RTT, it definitely wants to select a server UE supporting this positioning method. Otherwise, the positioning procedure will fail. 

Observation 1: If server UE has to support all the defined positioning methods, it increases the cost of server UE significantly, and will reduce the amount of available server UEs. As a result, target UE may not be able to find a server UE nearby in many cases.

Observation 2: If target UE doesn’t know the supported positioning methods of server UE, it may end up with selecting a server UE not supporting the positioning method supported by target UE.

Proposal 9  Target UE needs to know the supported positioning methods of server UE.

There are two ways to indicate the supported positioning method to target UE:

- Option 1: through metadata in discovery message.

- Option 2: through capability signalling.

As the supported positioning method will not change, it would be ok to indicate it in the metadata in discovery message. Once target UE gets it in the initial discovery procedure, it can keep it for future use without performing another discovery procedure in the near future positioning.
Proposal 10  The supported positioning methods of server UE can be provided through metadata of discovery message. 

Proposal 11 No capability signalling specific to server UE is needed.

2.3 Proposals for Uu positioning related open issues 
Open issue 9: Whether additional finer-grained capabilities for RAT dependent positioning integrity is needed or not.
Considering the current progress, we think there is no need to introduce additional finer-grained capabilities for RAT dependent positioning integrity.

Proposal 12 Additional finer-grained capabilities for RAT dependent positioning integrity are not needed.
Open issue 10: Whether the UE capability on supporting alignment of PRS to fixed (e)DRX is needed or not.
Proposal 13 Wait the progress on the alignment of PRS to fixed (e)DRX and then decides whether the corresponding capability is needed or not.

Open issue 11: Whether the UE capability on supporting SRS with validity area request by RRC message is needed or not.

If UE supports the preconfigured SRS with validity area, it should be support SRS with validity area request by RRC message, so the UE capability is not needed.

Proposal 14 The UE capability on supporting SRS with validity area request by RRC message is not needed.
3 Conclusions  

In this contribution, we discussed the open issue list for UE capability and provides the related proposals.

Open issue list 
Open issue 1: the applicable SL positioning methods of each RAN1 UE feature
Open issue 2: whether periodical reporting capability is indicated per positioning mode per positioning method.

Open issue 3: whether [10ms] granularity response time capability is indicated per positioning mode per positioning method.

Open issue 4: for UE-only mode, if server UE calculates the position, whether positioning mode is referred as UE-based, UE-assisted, or standalone mode.

Open issue 5: whether capability for scheduled location time function (if supported) is needed. If so, whether it is indicated per positioning mode per positioning method.
Open issue 6: whether to introduce the UE capability on UE roles (anchor UE, server UE, target UE, anchor UE with location) in SLPP. If so, which roles are considered.
Open issue 7: the details of request capability.

Open issue 8: whether capability related to server UE should be defined.

Open issue 9: Whether Additional finer-grained capabilities for RAT dependent positioning integrity is needed or not.

Open issue 10: Whether the UE capability on supporting alignment of PRS to fixed (e)DRX is needed or not.

Open issue 11: Whether the UE capability on supporting SRS with validity area request by RRC message is needed or not.
Proposals for SL positioning
Proposal 1 RAN2 to confirm the above understanding relating to the applicable positioning methods of each RAN1 feature. 
Proposal 2 RAN2 to agree that positioning method specific capabilities are included in the positioning method specific capability IE. 
Proposal 3 RAN2 to agree that periodical reporting capability is indicated per positioning mode per positioning method. 
Proposal 4 RAN2 to agree that 10ms granularity response time is indicated per positioning mode per positioning method. 
Proposal 5 RAN2 agrees to have the following three SL positioning modes: 
- UE assisted LMF based: an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate.

- UE assisted server UE based: an operation in which measurements are provided by the UE to the server UE to be used in the computation of a position estimate.

- UE based: an operation in which UE computes its own position.

Proposal 6  If scheduled location time is supported, corresponding capability is introduced and indicated per positioning mode per positioning method. 
Proposal 7  Supported UE roles are included in the capability signalling. 

Proposal 8  The UE roles in the capability signalling include anchor UE, anchor UE with location (i.e. located UE), server UE. UE can indicate the support of multiple UE roles.

Proposal 9  Target UE needs to know the supported positioning methods of server UE.

Proposal 10  The supported positioning methods of server UE can be provided through metadata of discovery message. 

Proposal 11 No capability signalling specific to server UE is needed.
Proposals for Uu positioning
Proposal 12 Additional finer-grained capabilities for RAT dependent positioning integrity are not needed.
Proposal 13 Wait the progress on the alignment of PRS to fixed (e)DRX and then decides whether the corresponding capability is needed or not.

Proposal 14 The UE capability on supporting SRS with validity area request by RRC message is not needed.
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