Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 Meeting #121-bis-e	R2-2303703
Online, April 17th – 26th, 2023

Agenda Item:	7.2.2
Source:	Ericsson
Title:	Sidelink positioning
Document for:	Discussion and Decision

1	Introduction
The work items for SL in RAN2 include 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 

In last meeting, RAN2 progressed in the IC scenario with below agreements; 

Agreement:
With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1. Triggering event
2. Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light.  The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.

In this paper, we discuss the potential signalling procedures for LPP extension to support SL ranging/positioning. 
[bookmark: _Hlk126854870]1) Hybrid Positioning (Joint PC5-Uu scenario) 2) Partial Coverage 3) LMF to UE protocol Discussion 4) Discovery Procedure, Anchor UE selection 5) Overhearing


2	Discussion
Hybrid Positioning with LPP Extension
There are different use cases which require LMF to perform hybrid positioning such as request from external client to be able to provide the range between two UEs or improve the UE positioning accuracy with assistance from another UE such as reference UE/PRU. For ranging determination, to improve the reliability and accuracy of range estimation; LMF can perform hybrid positioning such as to obtain the absolute UE location and also range estimation between UEs. 
For SL ranging/positioning, signalling procedures including capability exchange, reference/anchor UE selection, assistance data transfer, ranging/sidelink positioning measurement, report and calculation are needed. For IC scenario, LMF can collect and provide the above information to calculate the requested ranging/positioning results as in LPP. Such signalling procedures are similar to the LPP procedures, it is natural to extend LPP with signalling procedures for SL ranging/positioning. 
[bookmark: _Toc107493606][bookmark: _Toc131705310]LPP session should be extended such that multiple UEs can join the positioning session with LMF and allow LMF to perform hybrid Positioning. LPP with signalling procedures for SL ranging/positioning which is used at Uu interface between LMF and UE should also support SL UE to UE operations. 
2.1.1 Extended LPP session for ranging/SL positioning
There can be below two Options on how LPP session can be extended to accommodate SL operations.
Option1: A common LPP session to have multiple target devices. Transaction ID range to different target devices are set to different range in order not to collide. 
Option2: Multiple LPP sessions each with one individual device are used to support a single ranging/SL positioning request. The association between SL session and Uu session has to be maintained by LMF. 
Option 2 has less impact to the legacy LPP. 
[image: ]
Figure 1 Example extended LPP session procedure with Option 1.
Step 1. A Uu LPP positioning request with session ID X is either sent from LMF to target UE.
Step 2. Target UE reports Uu measurement to LMF with session ID X.
Step 3. Based on the Uu measurement from target UE in step 2, LMF decide if SL measurement is needed. If not needed, LMF calculates target UE’s position. If needed, continue to below steps. 
Step 4. LMF sends request to target UE to initiate SL procedure & provide AD(potential anchor UEs) with session ID X and Transaction ID k1 in range T1
Step 5. Target UE discover anchor UEs/PRUs.
Step 6. Target UE report discovered anchor UE(s) ID(s) to LMF using Uu LPP with session ID X and Transaction ID k1 in range T1.
Step 7. Along with AMF, LMF resolve SUPI of the anchor UEs from their App/L2 ID
Step 8. LMF sets up Uu LPP Positioning Sessions and provide SL AD with anchor UEs with Session ID X and Transaction IDs in ranges T2, T3 respectively. 
Step 9. LMF requests the target UE to perform Uu and/or SL measurement with session ID X and Transaction ID k2 in range T1.
Step 10. Target UE responds to LMF with Uu and/or SL measurement with session ID X and Transaction ID k2 in range T1
Step 11. LMF requests the anchor UEs to perform Uu and/or SL measurement with session ID X and Transaction ID m in range T2 and Transaction ID n in range T3
Step 12. Anchor UEs responds to LMF with Uu and/or SL measurement with session ID X and Transaction ID m in range T2 and Transaction ID n in range T3
Step 13. LMF computes target UE Location using Uu & SL Measurements with Session ID X

[image: ]
Figure 2 Example extended LPP session procedure with Option 2.
Step 1. A Uu LPP positioning request with session ID X is either sent from LMF to target UE.
Step 2. Target UE reports Uu measurement to LMF with session ID X.
Step 3. Based on the Uu measurement from target UE in step 2, LMF decide if SL measurement is needed. If not needed, LMF calculates target UE’s position. If needed, continue to below steps. 
Step 4. LMF sends request to target UE to initiate SL procedure & provide AD(potential anchor UEs)
Step 5. Target UE discover anchor UEs.
Step 6. Target UE report discovered anchor UE(s) ID(s) to LMF using Uu LPP.
Step 7. Along with AMF, LMF resolve SUPI of the anchor UEs from their App/L2 ID
Step 8. LMF sets up Uu LPP Positioning Session with session IDs Y, Z with anchor UEs, Provide SL AD with Session IDs Y, Z. 
Step 9. LMF requests the target UE to perform Uu and/or SL measurement with session ID X and transaction ID k.
Step 10. Target UE responds to LMF with Uu and/or SL measurement with session ID X and transaction ID k
Step 11. LMF requests the anchor UEs to perform Uu and/or SL measurement with session IDs Y, Z and transaction ID k
Step 12. Anchor UEs responds to LMF with Uu and/or SL measurement with session IDs Y, Z and transaction ID k
Step 13. LMF computes target UE Location using Uu & SL Measurements with Session IDs X, Y, Z and transaction ID k

In above examples, apart from Uu operation, there has to be sidelink operations between UEs and also one of the UEs can be a reference UE/PRU. We see the steps needed are:
· LMF should be able to establish LPP session with UEs and configure SLPP configuration between UEs (considering they are in same cell or area); Or
· A target UE should be able to convey to LMF that it has discovered a PRU,
· The LMF should be able to resolve SL L2/Application ID of PRU to SUPI and establish LPP session for Uu measurements
· The LMF should be able to setup Uu positioning with target UE and PRU,
· The LMF should be able to provide SL AD or request to gNB to allocate resource and provide configuration for SL-PRS configuration
· The LMF should be able to obtain both SL measurements and Uu measurements from multiple UEs.

[bookmark: _Toc131706191]LPP session between UE and NW is extended to support UE to UE SL Operations and to allow LMF to execute hybrid Positioning procedures by obtaining Uu and SL measurements 

[bookmark: _Toc131706192]The target UE shall discover a reference UE/PRU and report to LMF and LMF setups LPP positioning session with the reference UE/PRU and SL session between reference and target UE.

[bookmark: _Toc131706193]LMF sets up LPP positioning session with multiple UEs and SL session among multiple UEs and obtains both Uu and SL measurements. Downselect from option 1 “same LPP session with multiple UEs but using different transaction ID ranges” and option 2 “multiple sessions with each UE but using same transaction ID”.

[bookmark: _Toc131706194]Send LS to SA2 on how PRU SL ID can be resolved to SUPI so that LMF can initiate positioning towards such UE.

To implement SL ranging/positioning, discovery procedure is needed to establish PC5 path, thus LMF should be able to retrieve ProSe Capability from AMF if stored, or directly request ProSe Capability from UE. For SL ranging/positioning, the UE capability to transmit SL-PRS, measure and calculate for each detailed SL ranging/positioning method such as RTT, SL-TDOA should also be defined and supported by LPP. 
Proposal 1 LPP should support to request and provide 5G ProSe Capability.
Proposal 2 The PC5 Capability for Ranging/SL positioning should be defined, and LPP should support to request and provide PC5 Capability for Ranging/SL positioning.

Hybrid positioning measurement alignment in time domain
[bookmark: _Hlk131066698]Hybrid positioning collects both Uu and SL positioning measurement to determine and/or improve UE’s positioning/ranging result. However, Uu and SL measurement periods cannot always be aligned. Furthermore, the availability of the SL PRS for the SL positioning measurements depends on the SL resource pool configuration e.g. slots which are configured for the SL. Therefore, there is no guarantee that the Uu and SL positioning measurements can always be completed by the UE during the same time or even close in time. They will most likely be misaligned. When the target UE moves, misalignment between Uu and SL positioning measurements will cause degradation to the positioning accuracy, or even fail to compute positioning results with hybrid measurements.  
[bookmark: _Toc131705311]When the target UE has non-zero velocity, misalignment between Uu and SL positioning measurements will cause degradation to the positioning accuracy, or even fail to compute positioning results with hybrid measurements.  
To better align the Uu and SL measurement in the time domain, NW may instruct UE by sending assistance data to UE of the Uu and SL reference signals that are close in time domain and/or request UE to only measure Uu and SL reference signals within a certain time interval. 
[bookmark: _Toc131706195]  NW provides configuration to UE for the Uu and SL reference signals that are close in time domain and request UE to measure Uu and SL reference signals within a certain time interval. 




Partial Coverage

Partial coverage is a way to provide the out of coverage UE (remote UE) cellular coverage by means of a relay UE (U2N relay). It is possible that anchor UE, reference UE etc. can also act as relay UE. As provided in the below Figure, one option is to use Layer 2 U2N relay where remote UE can be reached by the LMF using LPP.
[image: ]
[bookmark: _Ref109737730][bookmark: _Ref109737718]Figure 3 LPP Protocol Stack with L2 NW-to-UE relay for PC

[bookmark: _Toc131706196]Partial coverage is supported by means of L2 U2N Relay where the LPP protocol terminates/originates at remote UE and LMF. 

LMF to UE protocol support for Sidelink

The TR 38.859 contains the below Options for protocol support for Sidelink between LMF and UE
-	Extension of LPP, whereby new signaling is to be defined to support hybrid Uu and PC5 based positioning, i.e., extend the existing LPP to support sidelink based positioning between UE and LMF
-	Enhancement of LPP whereby SLPP signaling can be transported within LPP transparently, i.e., use the newly defined SLPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP is carried as a container in LPP
-	Use of SLPP between the UE and the LMF

Our view is that we should follow the approach of 1st Option; i.e Extension of LPP to develop the ASN.1 for now. However, at a later stage depending upon how ASN.1 appears a decision can be made to use container or direct SLPP. Since it is easier to extend the LPP and then considering this baseline evaluate different options.
[bookmark: _Toc131706197]The baseline for developing ASN.1 to support SL operations between LMF and UE is by means of extension of LPP. The decision whether to use container solution or direct SLPP between UE and LMF is taken after evaluating the baseline extension. 

Example LPP Extension for SL 
[bookmark: _Toc27765140][bookmark: _Toc37680797][bookmark: _Toc46486367][bookmark: _Toc52546712][bookmark: _Toc52547242][bookmark: _Toc52547772][bookmark: _Toc52548302][bookmark: _Toc124534230]–	RequestCapabilities
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The RequestCapabilities message body in a LPP message is used by the location server to request the target device capability information for LPP and the supported individual positioning methods.
-- ASN1START

RequestCapabilities ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestCapabilities-r9		RequestCapabilities-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsRequestCapabilities		CommonIEsRequestCapabilities		OPTIONAL,	-- Need ON
	a-gnss-RequestCapabilities			A-GNSS-RequestCapabilities			OPTIONAL,	-- Need ON
	otdoa-RequestCapabilities			OTDOA-RequestCapabilities			OPTIONAL,	-- Need ON
	ecid-RequestCapabilities			ECID-RequestCapabilities			OPTIONAL,	-- Need ON
	epdu-RequestCapabilities			EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[	sensor-RequestCapabilities-r13	Sensor-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		tbs-RequestCapabilities-r13		TBS-RequestCapabilities-r13			OPTIONAL,	-- Need ON
		wlan-RequestCapabilities-r13	WLAN-RequestCapabilities-r13		OPTIONAL,	-- Need ON
		bt-RequestCapabilities-r13		BT-RequestCapabilities-r13			OPTIONAL	-- Need ON
	]],
	[[	nr-ECID-RequestCapabilities-r16	NR-ECID-RequestCapabilities-r16		OPTIONAL,	-- Need ON
		nr-Multi-RTT-RequestCapabilities-r16
										NR-Multi-RTT-RequestCapabilities-r16	
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-RequestCapabilities-r16	
										NR-DL-AoD-RequestCapabilities-r16	OPTIONAL,	-- Need ON
		nr-DL-TDOA-RequestCapabilities-r16
										NR-DL-TDOA-RequestCapabilities-r16	OPTIONAL,	-- Need ON
		nr-UL-RequestCapabilities-r16	NR-UL-RequestCapabilities-r16		OPTIONAL	-- Need ON
	]],
	[[	sl-RTT-RequestCapabilities-r18	SL-RTT-RequestCapabilities-r18		OPTIONAL	-- Need ON
		sl-TDOA-RequestCapabilities-r18	SL-TDOA-RequestCapabilities-r18		OPTIONAL	-- Need ON
		sl-AOA-RequestCapabilities-r18	SL-AOA-RequestCapabilities-r18		OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP
[bookmark: _Toc37681172][bookmark: _Toc46486744][bookmark: _Toc52547089][bookmark: _Toc52547619][bookmark: _Toc52548149][bookmark: _Toc52548679][bookmark: _Toc124534636]–	SL-RTT-RequestCapabilities
The IE SL-RTT-RequestCapabilities is used by the location server to request the capability of the target device to support SL-RTT and to request SL-RTT Capabilities from a target device.
-- ASN1START

SL-RTT-RequestCapabilities-r18 ::= SEQUENCE {
	...
}
-- ASN1STOP

–	SL-TDOA-RequestCapabilities
The IE SL-TDOA-RequestCapabilities is used by the location server to request the capability of the target device to support SL-TDOA and to request SL-TDOA Capabilities from a target device.
-- ASN1START

SL-TDOA-RequestCapabilities-r18 ::= SEQUENCE {
	...
}
-- ASN1STOP

–	SL-AoA-RequestCapabilities
The IE SL-AoA-RequestCapabilities is used by the location server to request the capability of the target device to support SL-AoA and to request SL-AoA Capabilities from a target device.
-- ASN1START

SL-AoA-RequestCapabilities-r18 ::= SEQUENCE {
	...
}
-- ASN1STOP



[bookmark: _Toc27765141][bookmark: _Toc37680798][bookmark: _Toc46486368][bookmark: _Toc52546713][bookmark: _Toc52547243][bookmark: _Toc52547773][bookmark: _Toc52548303][bookmark: _Toc124534231]–	ProvideCapabilities
The ProvideCapabilities message body in a LPP message indicates the LPP capabilities of the target device to the location server.
-- ASN1START

ProvideCapabilities ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideCapabilities-r9		ProvideCapabilities-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideCapabilities-r9-IEs ::= SEQUENCE {
	commonIEsProvideCapabilities		CommonIEsProvideCapabilities			OPTIONAL,
	a-gnss-ProvideCapabilities			A-GNSS-ProvideCapabilities				OPTIONAL,
	otdoa-ProvideCapabilities			OTDOA-ProvideCapabilities				OPTIONAL,
	ecid-ProvideCapabilities			ECID-ProvideCapabilities				OPTIONAL,
	epdu-ProvideCapabilities			EPDU-Sequence							OPTIONAL,
	...,
	[[	sensor-ProvideCapabilities-r13	Sensor-ProvideCapabilities-r13			OPTIONAL,
		tbs-ProvideCapabilities-r13		TBS-ProvideCapabilities-r13				OPTIONAL,
		wlan-ProvideCapabilities-r13	WLAN-ProvideCapabilities-r13			OPTIONAL,
		bt-ProvideCapabilities-r13		BT-ProvideCapabilities-r13				OPTIONAL
	]],
	[[	nr-ECID-ProvideCapabilities-r16	NR-ECID-ProvideCapabilities-r16			OPTIONAL,
		nr-Multi-RTT-ProvideCapabilities-r16	
										NR-Multi-RTT-ProvideCapabilities-r16	OPTIONAL,
		nr-DL-AoD-ProvideCapabilities-r16
										NR-DL-AoD-ProvideCapabilities-r16		OPTIONAL,
		nr-DL-TDOA-ProvideCapabilities-r16
										NR-DL-TDOA-ProvideCapabilities-r16		OPTIONAL,
		nr-UL-ProvideCapabilities-r16	NR-UL-ProvideCapabilities-r16			OPTIONAL
	]],
	[[	sl-RTT-ProvideCapabilities-r18	SL-RTT-ProvideCapabilities-r18		OPTIONAL,
		sl-TDOA-ProvideCapabilities-r18	SL-TDOA-ProvideCapabilities-r18		OPTIONAL,
		sl-AoA-ProvideCapabilities-r18	SL-AoA-ProvideCapabilities-r18		OPTIONAL
	]]
}

-- ASN1STOP
[bookmark: _Toc37681170][bookmark: _Toc46486742][bookmark: _Toc52547087][bookmark: _Toc52547617][bookmark: _Toc52548147][bookmark: _Toc52548677][bookmark: _Toc124534634]–	SL-RTT-ProvideCapabilities
The IE SL-RTT-ProvideCapabilities is used by the target device to indicate its capability to support SL-RTT and to provide its SL-RTT for positioning capabilities to the location server.
-- ASN1START

SL-RTT-ProvideCapabilities-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
–	SL-TDOA-ProvideCapabilities
The IE SL-TDOA-ProvideCapabilities is used by the target device to indicate its capability to support SL-TDOA and to provide its SL-TDOA for positioning capabilities to the location server.
-- ASN1START

SL-TDOA-ProvideCapabilities-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
–	SL-AoA-ProvideCapabilities
The IE SL-AoA-ProvideCapabilities is used by the target device to indicate its capability to support SL-AoA and to provide its SL-AoA for positioning capabilities to the location server.
-- ASN1START

SL-AoA-ProvideCapabilities-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP


 AD Request and Provide
[bookmark: _Toc27765142][bookmark: _Toc37680799][bookmark: _Toc46486369][bookmark: _Toc52546714][bookmark: _Toc52547244][bookmark: _Toc52547774][bookmark: _Toc52548304][bookmark: _Toc124534232]–	RequestAssistanceData
The RequestAssistanceData message body in a LPP message is used by the target device to request assistance data from the location server.
-- ASN1START

RequestAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestAssistanceData-r9	RequestAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsRequestAssistanceData		CommonIEsRequestAssistanceData		OPTIONAL,
	a-gnss-RequestAssistanceData		A-GNSS-RequestAssistanceData		OPTIONAL,
	otdoa-RequestAssistanceData			OTDOA-RequestAssistanceData			OPTIONAL,
	epdu-RequestAssistanceData			EPDU-Sequence						OPTIONAL,
	...,
	[[	sensor-RequestAssistanceData-r14
										Sensor-RequestAssistanceData-r14	OPTIONAL,
		tbs-RequestAssistanceData-r14	TBS-RequestAssistanceData-r14		OPTIONAL,
		wlan-RequestAssistanceData-r14	WLAN-RequestAssistanceData-r14		OPTIONAL
	]],
	[[	nr-Multi-RTT-RequestAssistanceData-r16	NR-Multi-RTT-RequestAssistanceData-r16	OPTIONAL,
		nr-DL-AoD-RequestAssistanceData-r16		NR-DL-AoD-RequestAssistanceData-r16		OPTIONAL,
		nr-DL-TDOA-RequestAssistanceData-r16	NR-DL-TDOA-RequestAssistanceData-r16	OPTIONAL
	]]，
[bookmark: _Hlk127265035]	[[	sl-RTT-RequestAssistanceData-r18		SL-RTT-RequestAssistanceData-r18		OPTIONAL,
		sl-TDOA-RequestAssistanceData-r18		SL-TDOA-RequestAssistanceData-r18		OPTIONAL,
		sl-AoA-RequestAssistanceData-r18		SL-AoA-RequestAssistanceData-r18		OPTIONAL,
	]]

}

-- ASN1STOP
[bookmark: _Toc37681212][bookmark: _Toc46486785][bookmark: _Toc52547130][bookmark: _Toc52547660][bookmark: _Toc52548190][bookmark: _Toc52548720][bookmark: _Toc124534678]–	SL-RTT-RequestAssistanceData
The IE SL-RTT-RequestAssistanceData is used by the device to request assistance data from a location server.
-- ASN1START

SL-RTT-RequestAssistanceData-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
–	SL-RTT-RequestAssistanceData
The IE SL-TDOA-RequestAssistanceData is used by the device to request assistance data from a location server.
-- ASN1START

SL-TDOA-RequestAssistanceData-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
–	SL-AoA-RequestAssistanceData
The IE SL-AoA-RequestAssistanceData is used by the device to request assistance data from a location server.
-- ASN1START

SL-AoA-RequestAssistanceData-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
[bookmark: _Toc27765143][bookmark: _Toc37680800][bookmark: _Toc46486370][bookmark: _Toc52546715][bookmark: _Toc52547245][bookmark: _Toc52547775][bookmark: _Toc52548305][bookmark: _Toc124534233]–	ProvideAssistanceData
The ProvideAssistanceData message body in a LPP message is used by the location server to provide assistance data to the target device either in response to a request from the target device or in an unsolicited manner.
-- ASN1START

ProvideAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideAssistanceData-r9	ProvideAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsProvideAssistanceData		CommonIEsProvideAssistanceData		OPTIONAL,	-- Need ON
	a-gnss-ProvideAssistanceData		A-GNSS-ProvideAssistanceData		OPTIONAL,	-- Need ON
	otdoa-ProvideAssistanceData			OTDOA-ProvideAssistanceData			OPTIONAL,	-- Need ON
	epdu-Provide-Assistance-Data		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-ProvideAssistanceData-r14	Sensor-ProvideAssistanceData-r14	OPTIONAL,	-- Need ON
	tbs-ProvideAssistanceData-r14		TBS-ProvideAssistanceData-r14		OPTIONAL,	-- Need ON
	wlan-ProvideAssistanceData-r14		WLAN-ProvideAssistanceData-r14		OPTIONAL	-- Need ON
	]],
	[[	nr-Multi-RTT-ProvideAssistanceData-r16
										NR-Multi-RTT-ProvideAssistanceData-r16
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-ProvideAssistanceData-r16
										NR-DL-AoD-ProvideAssistanceData-r16	OPTIONAL,	-- Need ON
		nr-DL-TDOA-ProvideAssistanceData-r16
										NR-DL-TDOA-ProvideAssistanceData-r16
																			OPTIONAL	-- Need ON
	]],
	[[	sl-RTT-ProvideAssistanceData-r18	
											SL-RTT-ProvideAssistanceData-r18	OPTIONAL,	-- Need ON
		sl-TDOA-ProvideAssistanceData-r18	
											SL-TDOA-ProvideAssistanceData-r18	OPTIONAL,	-- Need ON
		sl-AoA-ProvideAssistanceData-r18	
											SL-AoA-ProvideAssistanceData-r18	OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

[bookmark: _Toc12618268][bookmark: _Toc37681190][bookmark: _Toc46486762][bookmark: _Toc52547107][bookmark: _Toc52547637][bookmark: _Toc52548167][bookmark: _Toc52548697][bookmark: _Toc124534654]–	SL-RTT-ProvideAssistanceData
The IE SL-RTT-ProvideAssistanceData is used by the location server to provide assistance data to enable SL-RTT. 
-- ASN1START

SL-RTT-ProvideAssistanceData-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP

–	SL-TDOA-ProvideAssistanceData
The IE SL-TDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable SL-TDOA. 
-- ASN1START

SL-TDOA-ProvideAssistanceData-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP

–	SL-AoA-ProvideAssistanceData
The IE SL-AoA-ProvideAssistanceData is used by the location server to provide assistance data to enable SL-AoA. 
-- ASN1START

SL-AoA-ProvideAssistanceData-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP


2.2.2.3 Location Information Request and Provide
[bookmark: _Toc27765144][bookmark: _Toc37680801][bookmark: _Toc46486371][bookmark: _Toc52546716][bookmark: _Toc52547246][bookmark: _Toc52547776][bookmark: _Toc52548306][bookmark: _Toc124534234]–	RequestLocationInformation
The RequestLocationInformation message body in a LPP message is used by the location server to request positioning measurements or a position estimate from the target device.
-- ASN1START

RequestLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestLocationInformation-r9	RequestLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsRequestLocationInformation
										CommonIEsRequestLocationInformation	OPTIONAL,	-- Need ON
	a-gnss-RequestLocationInformation	A-GNSS-RequestLocationInformation	OPTIONAL,	-- Need ON
	otdoa-RequestLocationInformation	OTDOA-RequestLocationInformation	OPTIONAL,	-- Need ON
	ecid-RequestLocationInformation		ECID-RequestLocationInformation		OPTIONAL,	-- Need ON
	epdu-RequestLocationInformation		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-RequestLocationInformation-r13
										Sensor-RequestLocationInformation-r13
																			OPTIONAL,	-- Need ON
	tbs-RequestLocationInformation-r13	TBS-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	wlan-RequestLocationInformation-r13	WLAN-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	bt-RequestLocationInformation-r13	BT-RequestLocationInformation-r13	OPTIONAL	-- Need ON
	]],
	[[	nr-ECID-RequestLocationInformation-r16
										NR-ECID-RequestLocationInformation-r16
																			OPTIONAL,	-- Need ON
		nr-Multi-RTT-RequestLocationInformation-r16
										NR-Multi-RTT-RequestLocationInformation-r16
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-RequestLocationInformation-r16
										NR-DL-AoD-RequestLocationInformation-r16
																			OPTIONAL,	-- Need ON
		nr-DL-TDOA-RequestLocationInformation-r16
										NR-DL-TDOA-RequestLocationInformation-r16
																			OPTIONAL	-- Need ON
	]],
	[[	sl-RTT-RequestLocationInformation-r18	
											SL-RTT-RequestLocationInformation-r18	
																				OPTIONAL,	-- Need ON
		sl-TDOA-RequestLocationInformation-r18	
											SL-TDOA-RequestLocationInformation-r18	
																				OPTIONAL,	-- Need ON
		sl-AoA-RequestLocationInformation-r18	
											SL-AoA-RequestLocationInformation-r18	
																				OPTIONAL	-- Need ON
	]]

}

-- ASN1STOP

[bookmark: _Toc12618287][bookmark: _Toc37681199][bookmark: _Toc46486771][bookmark: _Toc52547116][bookmark: _Toc52547646][bookmark: _Toc52548176][bookmark: _Toc52548706][bookmark: _Toc124534663]–	SL-RTT-RequestLocationInformation
The IE SL-RTT-RequestLocationInformation is used by the location server to request SL-RTT location measurements from a device.
-- ASN1START

SL-RTT-RequestLocationInformation-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
–	SL-TDOA-RequestLocationInformation
The IE SL-TDOA-RequestLocationInformation is used by the location server to request SL-TDOA location measurements from a device.
-- ASN1START

SL-TDOA-RequestLocationInformation-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP
[bookmark: _Hlk127272508]–	SL-AoA-RequestLocationInformation
The IE SL-AoA-RequestLocationInformation is used by the location server to request SL-AoA location measurements from a device.
-- ASN1START

SL-AoA-RequestLocationInformation-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP

[bookmark: _Toc27765145][bookmark: _Toc37680802][bookmark: _Toc46486372][bookmark: _Toc52546717][bookmark: _Toc52547247][bookmark: _Toc52547777][bookmark: _Toc52548307][bookmark: _Toc124534235]–	ProvideLocationInformation
The ProvideLocationInformation message body in a LPP message is used by the target device to provide positioning measurements or position estimates to the location server.
-- ASN1START

ProvideLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideLocationInformation-r9	ProvideLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsProvideLocationInformation
										CommonIEsProvideLocationInformation	OPTIONAL,
	a-gnss-ProvideLocationInformation	A-GNSS-ProvideLocationInformation	OPTIONAL,
	otdoa-ProvideLocationInformation	OTDOA-ProvideLocationInformation	OPTIONAL,
	ecid-ProvideLocationInformation		ECID-ProvideLocationInformation		OPTIONAL,
	epdu-ProvideLocationInformation		EPDU-Sequence						OPTIONAL,
	...,
	[[
	sensor-ProvideLocationInformation-r13
										Sensor-ProvideLocationInformation-r13
																			OPTIONAL,
	tbs-ProvideLocationInformation-r13	TBS-ProvideLocationInformation-r13	OPTIONAL,
	wlan-ProvideLocationInformation-r13	WLAN-ProvideLocationInformation-r13	OPTIONAL,
	bt-ProvideLocationInformation-r13	BT-ProvideLocationInformation-r13	OPTIONAL
	]],
	[[	nr-ECID-ProvideLocationInformation-r16
									NR-ECID-ProvideLocationInformation-r16		OPTIONAL,
		nr-Multi-RTT-ProvideLocationInformation-r16
									NR-Multi-RTT-ProvideLocationInformation-r16 OPTIONAL,
		nr-DL-AoD-ProvideLocationInformation-r16	
									NR-DL-AoD-ProvideLocationInformation-r16	OPTIONAL,
[bookmark: _Hlk127272647]		nr-DL-TDOA-ProvideLocationInformation-r16
									NR-DL-TDOA-ProvideLocationInformation-r16	OPTIONAL
	]],
	[[	sl-RTT-ProvideLocationInformation-r18	
											SL-RTT-ProvideLocationInformation-r18	
																				OPTIONAL,	-- Need ON
		sl-TDOA-ProvideLocationInformation-r18	
											SL-TDOA-ProvideLocationInformation-r18	
																				OPTIONAL,	-- Need ON
		sl-AoA-ProvideLocationInformation-r18	
											SL-AoA-ProvideLocationInformation-r18	
																				OPTIONAL	-- Need ON
	]]

}

-- ASN1STOP

[bookmark: _Toc12618280][bookmark: _Toc37681194][bookmark: _Toc46486766][bookmark: _Toc52547111][bookmark: _Toc52547641][bookmark: _Toc52548171][bookmark: _Toc52548701][bookmark: _Toc124534658]–	SL-RTT-ProvideLocationInformation
The IE SL-RTT-ProvideLocationInformation is used by the target device to provide SL-RTT location measurements to the location server. It may also be used to provide SL-RTT positioning specific error reason.
-- ASN1START

SL-RTT-ProvideLocationInformation-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP

–	SL-TDOA-ProvideLocationInformation
The IE SL-TDOA-ProvideLocationInformation is used by the target device to provide SL-TDOA location measurements to the location server. It may also be used to provide SL-TDOA positioning specific error reason.
-- ASN1START

SL-TDOA-ProvideLocationInformation-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP

–	SL-RTT-ProvideLocationInformation
The IE SL-AoA-ProvideLocationInformation is used by the target device to provide SL-AoA location measurements to the location server. It may also be used to provide SL-AoA positioning specific error reason.
-- ASN1START

SL-AoA-ProvideLocationInformation-r18 ::= SEQUENCE {
	…
}

-- ASN1STOP


2.5 SL Ranging measurements when Synch Source or Coverage changes 
For SL positioning/ranging measurements, accurate synchronisation between UEs is essential. The sidelink synchronization reference source can change for different reasons, e.g. due to UE mobility, channel conditions etc., while UE is performing SL positioning measurements which may lead inaccurate measurements. How would UE cope when the synch source during positioning measurement changes? Additionally, another question would be: UEs may be (pre)configured resources to perform SL ranging measurements in different coverage scenario (IC, PC, OOC). A group of UEs (at least 2 UEs; e.g. car platooning) may perform ranging continuously; however in the coverage crossing area (IC to OOC or vice versa) where UEs may have performed the measurement in one coverage but now happen to be in different coverage; would the ongoing measurements be valid? The impact on change of coverage and synchronization reference source while performing the SL positioning measurements needs to be investigated. 
The Synchronization and measurement validity are RAN4 related question which should be provided by RAN4. Depending upon the outcome of the results, the SL procedure would have impact, such as whether to continue the SL procedure or restart the procedure.
[bookmark: _Toc131706198]Send LS to RAN4 requesting how would the ongoing SL measurements be impacted when the synch source changes and/or coverage status changes. 
2.6 Discovery Procedure for SL positioning
In SL positioning, target UE and/or anchor UE(s) transmits and/or measures SL-PRS. The target UE expected to reuse the existing ProSe discovery procedures to find potential anchor UEs. Unlike in SL communication where the discovered UE(s) is usually the designated receiver(s) to consume the SL communication message, the anchor UE(s) in SL positioning are instead expected to measure (and transmit) SL-PRS thus in this sense all the nearby UEs seems to have the potential to act as anchor UE(s). However, depending on the use case, the SL positioning/ranging sessions are imposed with different positioning QoS requirements. Such QoS requirements would further require the selected assisting UEs to be capable of providing SL transmissions or receptions according to the QoS requirement for the corresponding SL positioning/ranging sessions/services. 
However, there is no mechanism to support indicating positioning QoS requirement in the current ProSe Discovery process for SL positioning/ranging, and this may lead to unsatisfied QoS with degraded positioning accuracy and/or latency, and waste of resources. For example, a target UE cannot indicate the QoS requirements of the SL positioning services/sessions to its neighbor UEs (e.g., potential anchor UEs). Without such information, its neighbor UEs would not be able to decide whether they fulfill the QoS requirements of the SL positioning sessions/services. A neighbor UE which is not suitable may provide a discovery response message to the target UE by mistake (wrong selection). The target UE may therefore select this neighbor UE as one anchor UE by mistake (wrongly). The wrong selection of anchor UE(s) may cause SL positioning QoS requirement not satisfied and/or anchor UE(s) reselection that cause resource waste and longer latency. 
[bookmark: _Toc131705312]The current ProSe Discovery process does not support indicating positioning QoS requirement in for SL positioning/ranging, and this may lead to unsatisfied QoS with degraded positioning accuracy and/or latency, and waste of resources. 
[bookmark: _Toc131706199]Inform SA2 via LS that indicating positioning QoS requirement for SL positioning/ranging should be supported in the ProSe Discovery process. 
2.9 Overhearing
As part of the Rel-18 work item on sidelink (SL) positioning, a new SL positioning reference signal (SL-PRS) will be specified to be used for measurements between UEs. PRU is UE with known location. It would benefit if PRU is also involved in the ranging/SL positioning process to provide extra measurement by overhearing the SL-PRS by the target UE(s). For example, it can improve the accuracy if the target UE performing ranging are in NLOS condition, and can validate the positioning result by the overhearing measurement as PRU’s location is known. 
Figure 7 and Figure 8 show the mechanism of PRU overhear SL-PRS requested by LMF and target UE respectively.  From Figure 7 when the PRU is requested by LMF to overhear, it causes no extra overhead to the target UEs. 
UE1
UE2
PRU(s)
LMF
3. LPP: Request to PRU            to listen/ overhear UE(s) within coverage 
 
 
 
4. LPP: Provide an ACK/ NACK
 
7. LPP: Report the result
6. SL-PRS measurements
1. UEs reserve SL-PRS 
2. LMF request and UEs in coverage provide SL-PRS configuration 
5. LPP: Forward the SL-PRS configurations to overhear 
 
 
 


[bookmark: _Ref127173864]Figure 7 LMF requests PRU to overhear SL-PRS
Step 1: UEs performing SL positioning/ranging reserve SL-PRS by either scheme.
Step 2: LMF requests for UEs that are in coverage to send their SL-PRS configuration, and UEs provide LMF the SL-PRS configuration.
Step 3: LMF request PRU to measure SL-PRS transmitted by the UEs via LPP. 
Step 4: PRU reply to the request of LMF via LPP.
Step 5: LMF forward the SL-PRS configuration to PRU.
Step 6: PRU measures SL-PRS.
Step 7: PRU send the measurement results to LMF.



UE1
UE2
Listening UEs
LMF
9a. LPP: Report the result
8. SL-PRS measurements
1. UEs reserve SL-PRS 
2. LMF sends AD about potential Listening UEs (PRUs)
3. PC5: UEs discover listening UEs (PRU(s))
5. PC5: Provide an ACK/ NACK
 
4. PC5: Request to UE to listen/overhear SL-PRS and send SL-PRS configurations 
 
 
 
7. Establish LPP session
6. LPP: Forward the ID(s) of PRU(s) 
9b. PC5: Report the result
10. LPP: Forward the measurements from PRU 

[bookmark: _Ref127173874]Figure 8 target UE requests PRU to overhear SL-PRS.
Step 1: UEs performing SL positioning/ranging reserve SL-PRS by either scheme.
Step 2: Optionally, LMF may send potential PRUs to the target UEs.
Step 3: Target UEs discover the PRUs if they have not done it from previous SL communication or SL positioning.
Step 4: Target UEs request PRU to measure/overhear SL-PRS and send the SL-PRS configuration via PC5. 
Step 5: UE/PRU reply to the request from the target UE.
If the ranging/SL positioning result is to be collected by LMF then 
Step 6: Target UE forward the L2 ID or Application ID to LMF.
Step 7: LMF retrieve the SUPI of PRU with the help of AMF. LMF establish a LPP session with PRU.
Step 8: UE/PRU measures SL-PRS.
Step 9: UE/PRU send the measurement results to LMF and/or target UE based on the request received from LMF or target UE.
Step 10. If 9b is performed, target UE may forward the measurements to LMF and the information about PRU including PRU’s location. In this case, Step 6 and 7 are not required. 


[bookmark: _Toc131705313]UE overhearing SL-PRS benefit the ranging/SL positioning accuracy causing no or little overhead to the UEs.
[bookmark: _Toc131706200]UE overhearing SL-PRS is supported.

3	Conclusion
Observation 1	LPP session should be extended such that multiple UEs can join the positioning session with LMF and allow LMF to perform hybrid Positioning. LPP with signalling procedures for SL ranging/positioning which is used at Uu interface between LMF and UE should also support SL UE to UE operations.
Observation 2	When the target UE has non-zero velocity, misalignment between Uu and SL positioning measurements will cause degradation to the positioning accuracy, or even fail to compute positioning results with hybrid measurements.
Observation 3	The current ProSe Discovery process does not support indicating positioning QoS requirement in for SL positioning/ranging, and this may lead to unsatisfied QoS with degraded positioning accuracy and/or latency, and waste of resources.
Observation 4	UE overhearing SL-PRS benefit the ranging/SL positioning accuracy causing no or little overhead to the UEs.
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	LPP session between UE and NW is extended to support UE to UE SL Operations and to allow LMF to execute hybrid Positioning procedures by obtaining Uu and SL measurements
Proposal 2	The target UE shall discover a reference UE/PRU and report to LMF and LMF setups LPP positioning session with the reference UE/PRU and SL session between reference and target UE.
Proposal 3	LMF sets up LPP positioning session with multiple UEs and SL session among multiple UEs and obtains both Uu and SL measurements. Downselect from option 1 “same LPP session with multiple UEs but using different transaction ID ranges” and option 2 “multiple sessions with each UE but using same transaction ID”.
Proposal 4	Send LS to SA2 on how PRU SL ID can be resolved to SUPI so that LMF can initiate positioning towards such UE.
Proposal 7	NW provides configuration to UE for the Uu and SL reference signals that are close in time domain and request UE to measure Uu and SL reference signals within a certain time interval.
Proposal 8	Partial coverage is supported by means of L2 U2N Relay where the LPP protocol terminates/originates at remote UE and LMF.
Proposal 9	The baseline for developing ASN.1 to support SL operations between LMF and UE is by means of extension of LPP. The decision whether to use container solution or direct SLPP between UE and LMF is taken after evaluating the baseline extension.
Proposal 10	Send LS to RAN4 requesting how would the ongoing SL measurements be impacted when the synch source changes and/or coverage status changes.
Proposal 11	Inform SA2 via LS that indicating positioning QoS requirement for SL positioning/ranging should be supported in the ProSe Discovery process.
Proposal 12	UE overhearing SL-PRS is supported.
[bookmark: _In-sequence_SDU_delivery]
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