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1. Introduction
In RAN#98 meeting, the Rel-18 sidelink ranging/positioning (WID) was agreed [1]. According to the WID, the objectives of this work item is to specify solutions to introduce sidelink ranging/positioning as below:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· 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. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


In this paper, we discuss the SL positioning issues with respect to protocol, cast type, general procedures and issues about positioning method for SL positioning. 
[bookmark: OLE_LINK152][bookmark: OLE_LINK153]2. Discussion
2.1	Signalling over PC5
With the introduction of the new SL positioning protocol (referred to as SLPP for short), SL positioning related signaling can be transferred between UEs. In RAN2#120 meeting, RAN2 agreed to down select between PDCP based and PC5-U based option, and sent an LS [2] to tell SA2 about the agreement.
	RAN2 Agreements:
Proposal 1: For the transport layer of SLPP, RAN2 agrees to down select between PDCP and PC5-U. And tell SA2 that we have not decided which options to take. More discussion is needed.


As a reply to the LS sent to SA2 in [2], the following agreement has been made in SA2 according to the SA2 reply LS [3].
	Regarding issue 1), RAN2 concluded that the transport layer of SLPP is down selected between PDCP and PC5-U. 
SA2 Conclusion: SA2 has discussed this issue, and prefers to use PC5-U as the SLPP transport layer.


If SLPP over PC5-U option is adopted, SLPP message between Target UE and Anchor UE should transmit via PC5-U protocols as shown in the following Figure 1.


Figure1: User plane protocol stack for SLPP
Proposal 1: RAN2 supports user plane protocol stack for SLPP protocol terminating between two UEs with PC5 interface.
2.2	Signalling between UE and LMF
For the SL positioning related signaling transmission between UE and LMF, RAN2#119bis e-meeting has agreed to down-select from the following three options during normative phase.
	RAN2 Agreement:
Protocol options between UE and LMF for hybrid PC5+Uu positioning and PC5-only positioning in-coverage are studied and RAN2 will down-select during normative work.
1. Extension of LPP, whereby new signaling shall 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
2. Enhancement of LPP whereby SLPP/RSPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP/RSPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP/RSPP is carried as a container in LPP
3. Use of SLPP/RSPP between the UE and the LMF


2.2.1	Hybrid PC5 and Uu positioning
Fisrt, for PC5+Uu hybrid positioning, we think the above option 2 should be used. In this way, we can avoid duplicated specification. For example, the new SLPP protocol terminating between two UEs is a separated protocol, and if the LPP protocol is extended to include the SLPP message, then both of the SLPP protocol and the LPP protocol needs the description for SL positioning, which leads to redundancy from the protocol perspective. However, if a container is used to carry the SLPP message, then only SLPP protocol needs to specify the SL positioning related information. Based on the discussion above, we give the following protocol in Figure 2 as an example and propose the following for PC5+Uu hybrid positioning.
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Figure 2 Protocol stack for PC5+Uu hybrid positioning
Proposal 2: For the support of hybrid PC5 and Uu positioning, SLPP can be transported as a container within LPP.
2.2.2	PC5 only positioning involving LMF
For PC5-only positioning involving LMF, it is also possible that the UE sends the measurement report for the measurements on the reference signals on sidelink for position estimation. In this case, the SLPP protocol, defined to support measurement report, should be sent from the UE to the LMF. 
For the transport of SLPP between UE and LMF for PC5-only positioning, the above 3 options also apply. Among the 3 options, we think SLPP should also be transported as a container in the LPP message. Within the LPP message, transport mechanism has been defined for reliable transport, e.g., LPP retransmission, duplicate detection, etc. Since the transaction between UE and LMF for SLPP signaling will also need reliable transport, similar to LPP, it is better to contain SLPP within the LPP signaling such that we don’t duplicate the functionalities of reliable transport between LMF and UE in two specs.
Proposal 3: For PC5 only positioning, between UE and LMF, SLPP can be transported as a container within LPP.
2.2.3	LPP signalling
Then, the final question is how to enhance the 37.355 spec for the SLPP transport as a container. For the current spec, actually, similar mechanism of signaling transport has already been supported for SUPL by ePDU within the message body. One example shown below for requestCapabilities. 
	-- 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
	]]
}

-- ASN1STOP


While, in the previous R2 meeting, we have already agreed that SLPP shall follow the same procedures as LPP spec, supporting the 5 classes of procedures:
	Agreement:
Proposal 3 (modified): In order to enable sidelink positioning, SLPP/RSPP shall support at least the following functionalities:
1. SL Positioning Capability Transfer
2. SL Positioning Assistance Data exchange
3. SL Location Information Transfer
4. Error handling
5. Abort
This agreement does not imply any specific signalling structure.


Since LPP and SLPP follow the same structure, the SLPP can be transported within the ePDU field within the message body. Also, within the definition of ePDU-Sequence, an identifier for SLPP can be added
Proposal 4: SLPP can be contained within the ePDU field in the message body of the corresponding LPP message and an identifier of ePDU for SLPP can be added.
2.3	Cast type for SL positioning
There are two issues for the case type in SL positioning (a) broadcast/groupcast of signalling for SL positioning; (b) broadcast/groupcast of SL-PRS for SL positioning. 
2.3.1	Broadcast/groupcast of SL signalling
The positioning between two UEs is the most basic positioning scenario, where SL-PRS transmission and SL positioning related signaling transmission, including capability, assistance data, and location information.   Hence, unicast is the baseline as agreed in RAN2#119bis-e.
	RAN2 Agreement:
Proposal 5: Unicast/one-to-one operation is assumed as baseline for exchange of sidelink positioning signaling.


Beside unicast, RAN2#120 meeting agreed to discuss the specific use cases for UE to transmit SL positioning related signaling through groupcast/broadcast and LS is sent to SA2/SA3 with respect to the use case of SL positioning groupcast and broadcast and security issues in [3].
	RAN2 Agreement:
Proposal 14 (modified) RAN2 to further discuss in normative work:
- the security issues (e.g., requirements for ciphering and/or integrity) on specific information of SL positioning capability and assistance data in groupcast/broadcast and consult to SA2 and SA3. 
- the use cases for applying groupcast/broadcast.
LS to SA2/SA3 to indicate the agreement, that we are aware of SA2’s security concern, and inquire what security constraints would apply to transmission of SL positioning capability and distribution of assistance data by groupcast/broadcast.  Inquire of SA2 if they have identified groupcast/broadcast use cases.


SA2 replied in [5] that at least the SL positioning for the V2X use cases can benefit from groupcast/broadcast signaling.
	Regarding the questions from RAN2 on the use cases for groupcast/broadcast signalling for SL positioning, SA2 would like to point out that for the V2X use cases, for example those documented in TR 38.845, there are use cases of involving Road Side Unit (RSU) and multiple vehicles, or multiple vehicles in a platoon, which would benefit from groupcast/broadcast signalling support.  Additionally, the MCX service that relies on group communication would also benefit from groupcast/broadcast signalling support.


SA3 replied in [4] that they understand there is security issue for broadcast/multicast, since currently, ciphering and integrity protection are not supported for these two cast types and they want to understand the use case from R2’s perspective.
	Q1: RAN2 requests feedback on potential security requirements (e.g., for ciphering and/or integrity) and feasibility of protecting SL positioning capability (e.g. the capabilities of physical layer) and assistance data signaling transferred using groupcast/broadcast.
A1: SA3 has preliminarily agreed that unprotected broadcast/groupcast signaling has security issue, therefore ciphering and integrity protection are required for the signaling transferred using groupcast/broadcast. Currently, ciphering and integrity protection are not supported for broadcast/groupcast on sidelink. 
SA3 has also preliminarily agreed that it is feasible to work on the corresponding requirements and solutions for protecting broadcasted/groupcasted SL positioning signaling when the basic groupcast/broadcast procedure is stable. Therefore, SA3 would appreciate more information (e.g. user cases for broadcast/groupcast, detailed operations) from RAN2 for developing feasible solutions, if any.
In addition, SA3 would also appreciate feedback from SA2 on group management for SL positioning signalling groupcast.


For assistance data transmission, if the positioning of the Target UE is obtained with the help of more than one Anchor UE, e.g., the one to many. The Target UE needs to transmit its SL-PRS related assistance data to multiple Anchor UEs so that Anchor UE can receive SL-PRS based on the SL-PRS configuration. For the case where LMF is not involved, the Anchor UE needs to obtain the SL-PRS configuration directly from the Target UE. Thus, signaling overhead can be reduced if Target UE can send the assistance data in a groupcast or broadcast way. Moreover, assuming that the Anchor UE is an RSU, which is responsible for the SL positioning of the surrounding Target UEs, the assistance data including the SL-PRS configuration can also be transferred in a Broadcast way to reduce the signaling overhead at least for the case where LMF is not involved, where Target UE needs to obtain the assistance data directly from the Anchor UE. 
Proposal 5: Broadcast/groupcast of SLPP assistance data can be useful for SL-PRS measurement for UE-based and UE-assisted SL positioning from RAN2’s perspective.
[bookmark: _GoBack]2.3.2	Broadcast/groupcast of SL-PRS
For the SL-PRS transmission, RAN2 agreed to discuss how to support SL-PRS transmission in groupcast/broadcast and within the WID, the following has been captured [1].
	Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].


There are scenarios where UE needs to send SL-PRS to multiple UE, for example, Target UE in the One-to-Many SL positioning needs to send SL-PRS to multiple UEs to get its own location information. Sending SL-PRS to each UE via unicast is not power efficient for the Target UE. However, we think how the SL-PRS should be sent in groupcast/multicast needs to be discussed in R1 first. R2 should wait for the progress in R1 for further signalling/procedure design.
Proposal 6: Wait for R1’s progress for the broadcast/groupcast of SL-PRS.
2.4	General procedure for SL positioning
As pointed out in the WID, we will consider IC, PC, OOC for the normative work of SL positioning. In this section, we discuss the general procedures for SL positioning under these scenarios.
2.4.1	SL positioning for OoC UEs
For PC5 only positioning case, the positioning procedure can be initiated by LCS, AMF or UE, just as the legacy MT-LR, NI-LR and MO-LR, only when the Target UE is IC. And when the Target UE is OoC, then the positioning of the Target UE can only be initiated by UE, e.g., the Target UE itself or other Anchor UEs.
[image: ]
Figure 3 General procedure for PC5 only positioning
Proposal 7: For OoC, SL positioning can only be initiated by UE.
2.4.2	SL positioning for IC/PC UEs
For IC/PC case, it is possible for both network-assisted SL positioning and SL positioning exposed to a UE. The positioning procedure can be initiated by LCS, AMF or UE, just as the legacy MT-LR, NI-LR and MO-LR. The baseline approach to trigger LCS service is to let LMF always provide the Anchor UE information, e.g., the RSU information, to Target UE. Then Target UE can decide whether to involve SL positioning according to its own radio condition. If SL positioning is needed, SL positioning related positioning results can be sent to LMF using the protocol discussed in section 2.2. Considering that the interaction between UE and LMF is necessary, then it is reasonable that the Target UE should be in IC or PC scenarios. 
[image: ]
Figure 4 General procedure for sidelink positioning for IC/PC scenarios
Proposal 8: For IC and PC, support the following procedures for the initiation of SL positioning (a) legacy MO-LR, MT-LR and NI-LR with LMF involvement (b) direct SL only positioning without LMF involvement.
In Rel-17, L2 U2N relay is supported which extends that the step 0c/3/4/5/8c within the above figure that can be initiated/received by the remote UE via a relay UE, even when the remote UE is out of the coverage of the relay UE’s serving RAN. In the section 8 of TR 23.700, the following conclusion has also been reached
	-	Legacy functionality specified in TS 23.273 [11] for location services shall be reused including MO-LR, MT-LR for both regulatory and commercial use, when the Target UE has NAS connection with AMF (directly or indirectly via a ProSe UE-to-Network Relay).


The functionality of the relay UE is simply forwarding the signalling between the target UE and the network. Considering the NI-LR case, i.e., a remote UE is positioning requested when it initiates the emergency call. Consider the remote UE may be out of the coverage of the relay UE’s serving RAN, SL positioning between remote UE and relay UE will benefit locating the remote UE’s position, e.g., LMF can first locate the relay UE, then locate the Target UE using SL positioning.
[image: ]
Figure 5 SL positioning when Target UE is remote UE
Proposal 9: RAN2 confirms that locating the target UE via its relay UE is supported. 
2.5	SL positioning assistant UE
In the LS sent from SA2 [6], SA2 asked RAN2 issues about assistant UE determination and assistant UE selection/reselection from RAN perspective. Based on this issue, RAN2 agreed the following during RAN2#120, and replied the LS in [2].
	RAN2#120 agreement
Proposal 3: Tell SA2 that RAN2 has not decided to support assistant UE, and has not decided whether there is RAN2 impact or not.


RAN1 also discussed this issue and agreed the following:
	RAN1#111 agreement
RAN1 assumes that any distinction between Assistant UE and anchor UE is transparent to RAN1. The anchor UE selection/reselection have not been discussed in RAN1. Whether/how physical layer measurement results will be used for determination of using assistant UE and the assistant UE selection/reselection will not be discussed in RAN1.


Based on the above agreements, it is obvious that both RAN2 and RAN1 have not decided to support assistant UE. The functionality of assistance UE is designed from the service perspective and should be discussed in SA2. Therefore, the determination of whether to support assistant UE or not can be left to SA2.
Proposal 10: Whether to support assistant UE can be left to SA2.
2.6	SL positioning in local Co-ordinates
5GS supports UE location determination in Local Co-ordinates according to TS 23.273, for scenarios where location representations under a local coordinate system (rather than WGS84) are easier to understand and use, e.g. factories or industrial park environment. Services concerning absolute location representations should support local co-ordinates. For SL positioning, SA2 discussed network-assisted absolute positioning for partial coverage/in-coverage UE. Thus, support of local co-ordinates should also be studied for SL positioning in RAN2.
Observation: Local coordinate system is needed for the scenario of network-assisted absolute positioning for partial/in-coverage UEs.
To obtain the UE location for a specific coordinate system, the identification of a coordinate system, i.e., Coordinate ID shall be provided to the LMF by the LCS client/AF, considering the LMF may serve multiple factories or vertical sites and corresponding systems. The LMF then includes the Coordinate ID in the request to the Target UE, e.g., in the LPP RequestLocationInformation message which is used by LMF to request UE to provide the position estimate or positioning measurements.
When Target UE performs discovery procedure to find a Located UE for Network assisted SL positioning, the Coordinate ID could be used as a filter for Located UE selection if received from LMF. The located UEs are configured and associated with certain coordinate systems represented by coordinate IDs. When the Target UE broadcasts the discovery request including a Coordinate ID, the located UE in proximity sends a response if it matches the broadcast Coordinate ID, and then the discovery procedure completes.
The high-level procedure for network assisted SL positioning supporting local co-ordinates could be as follows:
[image: ]
Figure 6 high level procedure for network assisted SL positioning supporting local co-ordinates
Proposal 11: RAN2 to support local co-ordinates in SL positioning for network-assisted absolute positioning for partial/in coverage UEs.
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]3. Conclusion
Based on the discussion in this paper, we recommend RAN2 to discuss and adopt the following proposals: 
Signaling over PC5
Proposal 1: RAN2 supports user plane protocol stack for SLPP protocol terminating between two UEs with PC5 interface.
Signaling between UE and LMF
Proposal 2: For hybrid PC5 and Uu positioning, SLPP can be transported as a container within LPP between UE and LMF.
Proposal 3: For PC5 only positioning, SLPP can be transported as a container within LPP between UE and LMF.
Proposal 4: SLPP can be contained within the ePDU field in the message body of the corresponding LPP message and an identifier of ePDU for SLPP can be added.
Cast Type for SL positioning
Proposal 5: Broadcast/groupcast of SLPP assistance data can be useful for SL-PRS measurement for UE-based and UE-assisted SL positioning from RAN2’s perspective.
Proposal 6: Wait for R1’s progress for the broadcast/groupcast of SL-PRS.
General Procedure for SL positioning
Proposal 7: For OoC, the SL positioning can only be initiated by UE.
Proposal 8: For IC and PC, support the following procedures for the initiation of SL positioning (a) legacy MO-LR, MT-LR and NI-LR with LMF involvement (b) direct SL only positioning without LMF involvement.
Proposal 9: RAN2 confirms that locating the target UE via its relay UE is supported 
Assistant UE for SL positioning
Proposal 10: Whether to support assistant UE can be left to SA2.
SL positioning in local coordinates
Proposal 11: RAN2 to support local co-ordinates in SL positioning for network-assisted absolute positioning for partial/in coverage UEs.
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