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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 this paper, we discuss the potential signalling procedures for LPP extension to support SL ranging/positioning. 
[bookmark: _Hlk126854870]1) Hybrid Positioning with LPP Extension 2) SLPP protocol Stack Discussion 3) Discovery Procedure 4) Overhearing

2	Discussion
2.1 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 IEs 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: _Toc127480677]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: _Toc127480664]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: _Toc127480665]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: _Toc127480666]LMF setups LPP positioning session with multiple UEs and SL session among multiple UEs and obtains both Uu and SL measurements.

[bookmark: _Toc127480667]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.

2.2 LMF to UE protocol support for Sidelink

The TR 38.859 contains 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: _Toc127480668]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. 

2.2.1 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


2.2.2.2 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

2.3 SLPP protocol Stack Discussion
RAN2 need to decide which approach to take for placement of SLPP in the protocol stack. There are two options:
Option 1) on top of PDCP
Option 2) PC5-U, Similar to V2X



           

For PC5-U based option, the RAN2 specification effort would be smaller compared to PDCP. We can just reuse the existing Prose/V2X framework as much as possible. The only additional work could be to define QoS parameter for SLPP. For PDCP, if it considered as CP then SRB would have high priority and no specific transport QoS parameter as such would be needed. However, it appears over PDCP it can still be considered as user plane. Thus, RAN2 may need to discuss further before selecting one of the options.

[bookmark: _Toc127480669]RAN2 to discuss and select one of the options SLPP over PDCP or PC5-U. 

2.4 SL Ranging measurements when Synch Source or Coverage changes 
For SL positioning/ranging measurements, accurate synchronisation 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 or have pre-allocated 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: _Toc127480670]Send LS to RAN4 requesting how would the ongoing SL measurements be impacted when the synch source changes and/or coverage status changes. 
2.5 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: _Toc127480678]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: _Toc127480671]Inform SA2 via LS that indicating positioning QoS requirement for SL positioning/ranging is supported in the ProSe Discovery process. 
2.6 Sidelink Positioning Assistance Data
A Target UE can find other nearby UEs with for instance a ProSe (Proximity Services) procedure. However, not all UEs are equally well suited to be used as anchor UEs, even if they have the capability to it. By providing relevant assistance data, an intelligent selection of anchor UEs for sidelink positioning of a Target UE can be done. This has many advantages
· The performed measurements will be more informative and have higher quality than a random selection of anchor UEs. A higher positioning accuracy can thus be achieved
· It can be possible to reduce the number of SL positioning measurements that must be performed since the measurements will have higher quality. This can reduce the number of reference signals that must be transmitted, resulting in more efficient use of the spectrum.

The assistance data should be provided to the node in charge of the positioning; this can be the Target UE itself in an out-of-coverage scenario, or it can be LMF in a partial-coverage or in-coverage scenario. Assistance data enables to efficiently establish ad-hoc networks of Sidelink capable UEs.
[bookmark: _Toc118409375][bookmark: _Toc127480679]Assistance data can be used to make an intelligent selection of anchor UEs for a target UE. This can give higher positioning performance and more efficient spectrum usage.
Candidate Anchor UE Assistance Information
In the following, we denote by “candidate anchor UE” a UE that may or may not be selected as anchor UE for the positioning of the Target UE, this will be determined based on it’s assistance data. The assistance data for a candidate anchor UE may include
· Sidelink positionoing measurement capabilities,
· Sidelink reference signal transmission capabilities,
· State information
· Position / velocity / acceleration / orientation / angular velocity of the UE
· Uncertainty metrics for the above-mentioned state information
· The timestamp at which the state information was last updated/valid
· Stationary UE indicator – if the UE is known to be stationary
· UE type {Pedestrian/Vehicle/UAV/other}
· Battery status information: A reference UE needs to provide measurements on behalf of a target UE, thus in some cases the selection of reference UE may take into account remaining battery power or source of power (battery charging options) as an input criterion.
· Serving cell ID.
· Travelling path: A bus or a UAV or the front truck in a platoon may have a known predefined travelling path that it should follow.

All of these properties of a candidate reference UE can be used to value how informative measurements between it and the Target UE will be. The node in charge of positioning can select to proceed to establish positioning sessions including the Target UE and the Candidate Anchor UE.
[bookmark: _Toc118409382][bookmark: _Toc127480672]The assistance data about a candidate anchor UE can include: Sidelink positioning capabilities, state information, stationary UE indicator, UE type, Battery status, Serving cell ID and travelling path.
Candidate Anchor UE neighbours
In addition to information about itself, a candidate anchor UE may also provide assistance information about its neighbour UEs. The next example shows how this can be useful to select anchor UEs for the target UE.Example: 
· In Figure 3, UE1 (Target) should evaluate whether to initiate a sidelink positioning measurement session with candidate anchor UE3. 
· UE3 provides assistance information to UE1. The assistance data from UE3 includes relative position information between the UE3 and UE2. 
· Target UE1 already has the UE2 as anchor UE.
· If UE3 is selected as a second anchor UE of UE1, then the lengths of three sides of a triangle are known by Target UE1, which can then compute its position.


UE2: Anchor UE to UE1 and neighbour of UE3
UE3: Candidate Anchor
UE1, Target
Relative position information (2-3): range and/or direction
Candidate Reference UE assistance Data
Relative position information (1-2): range and/or direction

[bookmark: _Ref127438499]Figure 3: UE based positioning. The target UE1 has already UE2 as anchor UE. The candidate anchor UE3  provides assistance data to the target UE, this includes information about its neighbor UE2. Since both UE1 and UE3 have UE2 as a common neighbor, it is beneficial for UE1 and UE3 establish a positioning session and perform e.g. RTT measurement.

We conclude that assistance information about the neighbour UEs of a candidate anchor UE be beneficial in the following ways.
· It can guide the target UE to find additional anchor UEs to perform sidelink positioning measurements with / include in a positioning session.
· If the Target UE has already performed sidelink positioning measurement with one of the additional UEs as reference UE, then relative positioning information (between candidate anchor UE and the additional UE) can be useful.

[bookmark: _Toc118409376][bookmark: _Toc127480680]Assistance information about neighbors of a candidate anchor UE can guide the target UE to find additional anchor UEs to perform sidelink positioning measurements with.

The assistance information about neighbours of a candidate anchor UE can include
· UE Identity,
· Sidelink positioning measurement capabilities
· Sidelink reference signal transmission capabilities
· State information
· Position / velocity / acceleration / orientation / angular velocity
· Uncertainty metrics for the above mention state information
· The timestamp at which the state information was last updated/valid
· Relative positioning information between the candidate reference UE and the additional UE such as measured distance, relative direction, relative velocity, relative acceleration and relative orientation. The measurement uncertainty and/or measurement time may be associated too.

[bookmark: _Toc118409383][bookmark: _Toc127480673]A candidate anchor UE can provide assistance data about its neighbours, including their sidelink positioning capabilities, state information, stationary UE indicator, UE type, Battery status, Serving cell ID and travelling path. Most importantly, relative positioning information between the UEs can be included.
2.7 NW Assisted Ranging
When two UEs need to compute the range while they are in NW coverage then the NW can assist in performing the ranging. In particular, if the two UEs are in NLOS with respect to each other then the ranging estimation would be difficult to determine or would have large uncertainty and hence in such scenario NW can play an important role as shown in below Figure 4. The gNB can compute (synthetic) range between two UEs based upon determining their absolute position using existing positioning method. We further note that this information can also be relevant as to increase the reliability of a performed direct ranging between the same UEs, by adding an independent source of information (NW verified ranging). The two range measurements can either be (soft) combined, or one can be used to verify the other as to improve integrity.  
[bookmark: _Toc118409373][bookmark: _Toc127480681]gNB can compute (synthetic) range between two UEs based on absolute positioning of the two UEs. This can be used to verify or improve direct ranging between the two UEs.
[image: ][bookmark: _Ref127438662]Figure 4: An example of network constructing synthetic range when UEs are in NLOS. In the above picture, the synthetic range computed by the network using the position estimates of UEs would be more correct than the range estimates between UEs. In such a case UEs can improve their range estimates by using synthetic range from the network.


[bookmark: _Toc118409377][bookmark: _Toc127480674]NW assisted ranging calculation based upon absolute position between two UEs is supported.

Above, it was described how the network can improve the ranging service by providing additional information in the form of synthetic ranging. There is also possible for the network to assist in ranging events in different ways. For in-coverage scenarios, where the UE is connected to the network, resource efficient one-way-ranging can be performed over PC5, assuming additional measurements are made over Uu. One such measurement to use would be timing advance (TA), which can be used to calculate the timing offset between the transmitting and receiving device when preforming one-way-ranging over PC5. How this could be performed is described below.
Assuming a set of UEs connected to the same gNB, with up-to-date TA for UL timing. Assuming further that one UE is interested in estimating its range to one or several of the other UEs, it transmits a preconfigured signal, e.g. a SL-PRS, intended to be measured on by the other UEs. The other UEs measure the time-of-arrival (TOA) relative to their UL or DL timing as configured via TA procedure. Restricting the description to the case of two UEs, the principle is as follows.
Looking at Figure 5, the first UE transmits a SL-PRS at time instance t1, which is the start of the UL symbol for UE1 given timing advance TA1 from the gNB. The other UE measure the ToA at t3, which is relative to its UL timing starting at t2. The relationship between the ToA, ToF, t1, t2, and t3 is then given by

Note that t1=t0-TA1 and t2=t0-TA2, with TA1 and TA2 being the aggregated timing advances for the first and second UE, respectively, and t0 being the reference time at the gNB corresponding to the expected start of the UL symbol at the gNB. The time of flight (ToF) can now be solved for, yielding

The range then comes directly from the ToF by multiplying by the speed of light.
[bookmark: _Toc111211322][bookmark: _Toc118409378][bookmark: _Toc127480675]Hybrid ranging involving gNBs and UEs exploiting timing advance procedures is supported.


[image: ]
[bookmark: _Ref111055127]Figure 5: Network assisted one-way ranging
2.8 Overhearing
2.8.1 PRU overhearing SL-PRS
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 6 and Figure 7 show the mechanism of PRU overhear SL-PRS requested by LMF and target UE respectively.  From Figure 4 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 6 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 7 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: _Toc127480682]UE overhearing SL-PRS benefit the ranging/SL positioning accuracy causing no or little overhead to the UEs.
[bookmark: _Toc127480676]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	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 3	Assistance data can be used to make an intelligent selection of anchor UEs for a target UE. This can give higher positioning performance and more efficient spectrum usage.
Observation 4	Assistance information about neighbors of a candidate anchor UE can guide the target UE to find additional anchor UEs to perform sidelink positioning measurements with.
Observation 5	gNB can compute (synthetic) range between two UEs based on absolute positioning of the two UEs. This can be used to verify or improve direct ranging between the two UEs.
Observation 6	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 setups LPP positioning session with multiple UEs and SL session among multiple UEs and obtains both Uu and SL measurements.
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	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 8	RAN2 to discuss and select one of the options SLPP over PDCP or PC5-U.
Proposal 9	Send LS to RAN4 requesting how would the ongoing SL measurements be impacted when the synch source changes and/or coverage status changes.
Proposal 10	Inform SA2 via LS that indicating positioning QoS requirement for SL positioning/ranging is supported in the ProSe Discovery process.
Proposal 11	The assistance data about a candidate anchor UE can include: Sidelink positioning capabilities, state information, stationary UE indicator, UE type, Battery status, Serving cell ID and travelling path.
Proposal 12	A candidate anchor UE can provide assistance data about its neighbours, including their sidelink positioning capabilities, state information, stationary UE indicator, UE type, Battery status, Serving cell ID and travelling path. Most importantly, relative positioning information between the UEs can be included.
Proposal 13	NW assisted ranging calculation based upon absolute position between two UEs is supported.
Proposal 14	Hybrid ranging involving gNBs and UEs exploiting timing advance procedures is supported.
Proposal 15	UE overhearing SL-PRS is supported.
[bookmark: _In-sequence_SDU_delivery]
4	References
[1] TR 23.700

	4/4	
image1.emf
 

UE 

Target UE  LMF 

UE 

5. Device & Service Discovery 

8. Setup Uu LPP Positioning Session X with anchor UEs, Provide SL 

AD with Session ID X and transaction IDs in ranges T2, T3 

13. Compute UE Location using Uu & SL 

Measurements with Session ID X 

9.LMF requests Uu and/or SL measurement with 

session ID X and Transaction ID k2 in range T1 

1. Uu LPP positioning Request with session ID X 

2. Uu LPP  positioning Measurement with session ID X 

3.  Determine If SL 

Measurements needed 

4. Request to initiate SL procedure & provide AD(potential anchor UEs) with 

session ID X and Transaction ID k1 in range T1 

7. Along with AMF Resolve 

SUPI from App/L2 ID 

11. LMF request Uu and/or SL measurement with session ID X and 

Transaction ID m in range T2 and Transaction ID n in range T3 

6. Uu LPP report discovered anchor UE(s) ID(s) with session ID 

X and Transaction ID k1 in range T1   

10.Target UE responds Uu and/or SL measurement with 

session ID X and Transaction ID k2 in range T1 

12. Anchor UEs each responds Uu and/or SL measurement with session ID 

X and Transaction ID m in range T2 and Transaction ID n in range T3 


image2.emf
 

UE 

Target UE  LMF 

UE 

5. Device & Service Discovery 

8. Setup Uu LPP Positioning Session with session IDs Y, Z with 

anchor UEs, Provide SL AD with Session IDs Y, Z 

13. Compute target UE Location using Uu & SL 

Measurements with Session IDs X, Y, Z and transaction ID k 

9. LMF requests Uu and/or SL measurement with session ID X and transaction ID k 

2. Uu LPP  positioning Measurement with session ID X 

3.  Determine If SL 

Measurements needed 

4. Request to initiate SL procedure & provide 

AD(potential anchor UEs)  

7. Along with AMF Resolve 

SUPI from App/L2 ID 

11. LMF request Uu and/or SL measurement with 

session IDs Y, Z and transaction ID k 

6. Uu LPP report discovered anchor UE(s) ID(s) 

with session ID X 

1. Uu LPP positioning Request with session ID X 

10. Target UE responds with Uu and/or SL measurement with session ID X and transaction ID k 

12.  Anchor UEs respond with Uu and/or SL 

measurement with session IDs Y, Z and transaction ID k 


image3.emf
UE B

PHY

UE A

PHY

MAC

RLC

MAC

PDCP PDCP

RLC

  

SLPP SLPP


Microsoft_Visio_Drawing.vsdx
UE B
PHY
UE

A
PHY
MAC
RLC
MAC
PDCP
PDCP
RLC

SLPP
SLPP



image4.emf
UE B

PHY

UE A

PHY

MAC

RLC

MAC

PDCP PDCP

RLC

  PC5-U

SDAP SDAP

IP, Non-IP

IP, Non-IP

SLPP

SLPP


Microsoft_Visio_Drawing1.vsdx
UE B
PHY
UE

A
PHY
MAC
RLC
MAC
PDCP
PDCP
RLC

PC
5
-
U
SDAP
SDAP
IP, Non-IP
IP, Non-IP
SLPP
SLPP



image5.png




image6.svg
  


image7.png




image8.png
/()
o
& <, (N
\© %
S5
~ nNLospath
B //5 e tos Path
UE1 WO
(x1, 1) o

UE2
(x2,y2)




image9.png
ToF

ToA

<o._.+NHnm¢vﬂ51

TVL-03=T3

[





