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[bookmark: _heading=h.wt7xoax1kbms]1	Introduction 
According to WID [RP-223549], sidelink positioning will support numerous use cases (e.g. V2X, public safety, commercial, and IIoT) in various coverage scenarios (e.g. in-coverage, partial coverage, and out-of-coverage). Accordingly, multiple UE types (e.g. stationary UE, moving UE, normal UE, RSU, etc) with different network coverage (inside or outside of network coverage) may be involved in sidelink positioning instead of gNB with a fixed position in Uu-based positioning. 

In sidelink positioning, to decide on which UEs are anchor UEs for sidelink positioning (a.k.a. Anchor UE selection) is very important to perform successful sidelink positioning operation and to achieve desired accuracy. 

In this paper, we provide our view on anchor UE selection in sidelink positioning. 
[bookmark: _heading=h.fj5477v6w1xv]2	Discussion 
[bookmark: _heading=h.9hjzuxrpx3ye]2.1		Considerations on Anchor UE selection
SL-PRS is transmitted/measured between target UE and anchor UE(s) in sidelink positioning so that the ability to support SL-PRS transmission and/or measurement is necessary in anchor UE selection.

Observation 1.	Ability to support SL-PRS transmission and/or measurement is necessary in anchor UE selection. 

Supported frequency range (e.g. FR1, FR2, NR-U, etc) for sidelink positioning can be associated with SL-PRS transmission and/or measurement for assistance data transfer. Further information may be updated according to RAN1 progress and support. 

Observation 2.	Supported frequency ranges (e.g. FR1, FR2, NR-U, etc) associated with SL-PRS transmission and/or measurement are needed for assistance data transfer. 

SA2 has defined various roles of UE in TR 23.700-86, e.g., Target UE, Anchor UE (SL Reference UE), Server UE (SL Positioning Server UE), SL Positioning Client UE, Assistant UE, and Located UE. In study phase, RAN2 introduced Target UE and Anchor UE, aligned with RAN1. For other roles, RAN2 could not decide whether to introduce or not, and did not introduce them for that time. Among them, RAN2 agreed to follow SA2 decision on the definition of Server UE, which can be considered as necessary in order to calculate the location of Target UE at least in OOC scenario. Target UE or Anchor UE can act as Server UE if location calculation is supported, otherwise, Server UE will be another UE independent from Target UE and Anchor UE.

According to TR 23.700-86, Server UE can provide more functionalities such as method determination, assistant data distribution and anchor UE selection. Thus, sub-roles of UE can be determined in normative work. 
	-	A SL Positioning Server UE can be discovered and selected for result calculation, method determination, assistant data distribution and SL reference UE selection in case of out-of-coverage or for UE-only Operation if no Ranging/SL Positioning capable LMF is available. If LMF is capable for Ranging/SL Positioning and is reachable by Target UE and/or Reference UE, the LMF can still decide that SL Positioning Server UE executes the result calculation.
NOTE 10:	Functionalities of the SL Positioning Server UE will be determined by RAN WGs.



Although Anchor UE and Server UE (at least for UE-based positioning) seem essential members for sidelink positioning, they should yield SL-PRS transmission/measurement and positioning calculation, respectively, which will increase UE power consumption even not for their own location acquisition purpose. Therefore, supported (sub-)roles of UE can depend on the preference on UE, e.g. depending on UE conditions (e.g. battery status, RRC status, etc), apart from ability itself. Thus, supported/preferred (sub-)roles of UE can be changed as UE conditions are changed. For example, when the deferred (periodic) location service (per TS 23.273) is operating, anchor UE selection can be performed to check supported/preferred (sub-)roles of UE before starting a new cycle.  

Observation 3.	Supported/preferred (sub-)roles of UE (e.g. Anchor UE, Server UE, etc) are needed to organize and manage sidelink positioning members.

A number of positioning methods will be supported e.g. RTT-type solutions, SL-AoA and SL-TDOA. In addition, there are two scenarios for SL-TDOA, one is that SL-PRS is transmitted from anchor UE(s) to target UE i.e., many-to-one/DL-TDOA-like operation, and another is that SL-PRS is transmitted from target UE to anchor UE(s) i.e., one-to-many/UL-TDOA-like operation. All supported sidelink positioning methods should be exchanged between UEs involved in sidelink positioning, then at least one method should be matched for sidelink positioning operation. 

Observation 4.	At least one (or more) supported sidelink positioning method should be matched between UEs involved in sidelink positioning.

Two positioning modes will be supported i.e., UE-based positioning (i.e. server UE calculates a location estimate) and UE-assisted/NW-based positioning (i.e. LMF calculates a location estimate), based on which entity performs position calculation. 

For UE-assisted positioning, measurement data/result should be delivered to LMF for location calculation. If anchor UE is outside of network coverage, measurement reports cannot be delivered to LMF. Thus, UE-assisted sidelink positioning is possible only in IC scenarios. 

For UE-based positioning, if server UE is inside of network coverage, server UE can deliver a position calculation result to LMF (e.g. for MT-LR) via Uu-link directly, otherwise (i.e. if server UE is outside of network coverage), server UE can deliver a position calculation result to LMF indirectly through target UE, which could increase latency and signaling overhead. Hence, it is beneficial to select the server UE inside of network coverage at least for MT-LR location request. 

In hybrid (i.e. joint PC5+Uu) positioning, anchor UE (e.g. with LOS propagation) can replace gNB (e.g. with NLOS propagation) for higher accuracy positioning. For example, taking a case of UL-TDOA-like operation, measurement data/result on anchor UE should be delivered to LMF for combined calculation with gNB measurement. Anchor UE’s coverage information is needed for hybrid positioning as well.

Observation 5.	UE’s coverage information (e.g. inside of network coverage, outside of network coverage) is needed at least to decide positioning mode (UE-based or UE-assisted). 

In Uu-based positioning, LMF provides gNB’s (reference point and TRPs) location information (geodetic location or relative location) when the assistance data transfer (via NR-PositionCalculationAssistance) to enable UE-based downlink positioning. 

In sidelink positioning, the absolute location of target UE is relatively calculated from anchor UE’s location information, no matter UE-based and UE-assisted. Thus, anchor UE’s location information is necessarily required for absolute positioning. 

However, sidelink positioning consists of UEs instead of gNB of network infrastructure. For example, normal UE’s location may or may not be personal privacy information, but RSU location may not. Whether to provide UE’s location information could be up to UE decision, depending on UE type or some other 

Observation 6.	UE’s location information is required at least for absolute positioning.

An estimated location accuracy of target UE technically depends on the accuracy of anchor UE location. If the providing of UE’s location information is supported, estimated location accuracy may be an expected information to achieve higher accuracy, in addition to location information.

gNB-related information will be newly delivered when target UE camps on a new cell in Uu-based positioning. Whereas, in sidelink positioning, location information of moving anchor UE can be of course changed regardless of target UE mobility, so location accuracy as well as location information may fluctuate. Therefore, anchor UE’s location information and accuracy/integrity should be updated periodically or accordingly.

Observation 7.	UE’s location accuracy/integrity is an additional consideration in order to achieve higher-accuracy.

The physical environment between target UE and anchor UE will affect sidelink communication and positioning performances. For example, it simply can be assumed by RSRP value. Anchor UE can be filtered out if RSRP is lower than a certain threshold. 

Obstacles causing NLOS propagation will be a significant difficulty to positioning accuracy, in particular for SL-AoA method even if mitigation technologies are applied. LOS/NLOS indication could be an additional consideration for anchor UE selection in certain positioning methods.

Observation 8.	RSRP and LOS/NLOS propagation are affecting positioning accuracy. 

In Uu-based positioning, LMF provides time synchronization information between a reference TRP and a list of neighbor TRPs for UE-based positioning calculation. 

In sidelink positioning, synchronization reference to be used for acquired location information could be different per anchor UEs. RAN1 also observed the impact of synchronization error(s) between UEs.

Observation 9.	Synchronization error can be reduced under same synchronization reference (e.g. GNSS, gNB).

RSU (Road Side Unit, to support the role of TRP to assist sidelink positioning) is generally in a fixed and known location, so the accuracy may not be fluctuated, which could help to achieve higher accuracy positioning result. 

RSU (i.e. stationary UE) could reduce the probability of positioning failure due to anchor UE leaving from PC5 coverage during sidelink positioning operation, especially for V2X use cases.

Anchor UE should deliver its location information (geodetic location or relative location) at least for absolute position calculation. For this, normal UE (i.e. moving UE) has to perform its location tracking and deliver location information (e.g., periodic or accordingly) to server UE or LMF for target UE positioning, which could increase UE power consumption and signaling overhead. However, RSU-type UE (i.e. stationary UE) needs to deliver its location information for just one time (due to fixed location), which could reduce signaling overhead and help energy saving. 

Observation 10.	It would be beneficial to select RSU-type UE (i.e. stationary UE) rather than normal UE (i.e. moving UE). 

Let’s take into account V2X use case e.g., both arget UE and anchor UE are moving. If anchor UE is selected with as similar velocity and direction along with target UE as possible, which would improve positioning success rate due to reducing the possibility of leaving anchor UE from PC5 coverage between target UE and anchor UE during sidelink positioning operation. 

Observation 11.	Velocity and/or direction information could help for more stable positioning service, especially for V2X use case. 

According to TR 23.700-86, LMF may be involved when at least one of target UE and anchor UE are in the network coverage. When LMF is involved, anchor UE is selected in the same serving PLMN of target UE. 
	· When LMF is involved for coordination of SL Positioning, SL Reference UE in the same serving PLMN of Target UE is discovered and selected.



Observation 12.	Anchor UE in the same PLMN is selected to be assisted by LMF if involved.

SA2 introduced “Network-assisted SL Positioning” in TR 23.700-86. In this scenario, target UE reports the identity of candidate Located UEs (anchor UEs known location) to LMF. To assist target UE, LMF can provide a candidate list of Located UE to participate in network-assisted SL positioning. 

But, SA2 did not determine what UE identity is used in that scenario. In sidelink communication, UE informs Destination Layer-2 ID to the network through RRC sidelink UE information message. In sidelink positioning, target UE can inform Destination Layer-2 ID of anchor UE to the network through SLPP or RRC message in the similar manner. 

Nevertheless, for the awareness between LMF and target UE at least for “Network-assisted SL Positioning”, anchor UEs should inform their Source Layer-2 ID to LMF, and target UE should inform its Source Layer-2 ID as well as Destination Layer-2 ID of candidate Located UEs. Another way is to use Application ID, which will not be defined in 3GPP. 

Observation 13.	Source Layer-2 ID and Destination Layer-2 ID (used in NR sidelink communication) can be used for anchor UE identity at least for “Network-assisted SL Positioning”.

According to TS 38.331, UE shall determine an identity of the zone (i.e. Zone_id) if zoneConfig is included in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration. Zone ID is used in the geographical area, so Tx Rx distance can be calculated as the distance between the geometric centers of the Tx UE’s Zone and RX UE’s Zone. 

Zone ID can provide approximate distance between target UE and anchor UEs, so that target UE accordingly can select anchor UE in as near as possible. More simple way is to select anchor UE in the same Zone ID, which can avoid the processing of distance calculation. 

Observation 14.		Zone ID can be used to simply find as close anchor UEs as possible. 

SA2 introduced “Assistant UE” for ranging service in TR 23.700-86, but support at least in this release will depend on RAN decision. 
	NOTE 3:	The determination of using assistant UE and the assistant UE selection/reselection should be aligned with the mechanism defined by RAN WGs.
NOTE 5:	The above conclusions for KI#2 are only valid if RAN WGs confirm to support Assistant UE in RSPP/RLPP for this release, i.e. if RAN WGs conclude to not support Assistant UE in RSPP/RLPP, no normative work related to Assistant UE will be developed in SA2 for this release. 



For assistant UE selection, if supported, candidate assistant UEs should provide whether to find paired anchor UE for ranging service or not, then target UE will select at least one assistant UE among candidate assistant UEs. In this scenario, target UE can determine assistant UE based on direct connection between assistant UE and paired anchor UE. 

Observation 15.	Whether direct connection or not between assistant UE and paired anchor UE can be used for assistant UE selection, if supported.

From observations above, we made a proposal on considerations for anchor UE selection.

Proposal 1.	RAN2 to discuss following considerations for anchor UE selection;
1) Ability of SL-PRS transmission/measurement 
2) Supported frequency range (e.g., FR1, FR2, NR-U, etc)
3) Supported roles of UE (e.g., anchor UE, server UE, …)
4) Supported sidelink positioning methods  
5) Coverage information (e.g., inside of network coverage, outside of network coverage)
6) Providing location information 
7) RSRP and/or LOS/NLOS
8) Location accuracy and/or integrity
9) Synchronization reference (e.g., GNSS, gNB, etc)
10) Type of UE (e.g., normal UE, RSU, VRU, etc) 
11) Velocity and/or direction
12) PLMN and/or LMF
13) Source Layer-2 ID and Destination Layer-2 ID
14) Zone ID
15) Direct connection or not (for assistant UE)

[bookmark: _heading=h.tj7fimxodkmq]2.2		AS layer criteria on Anchor UE selection
In general, upon a sidelink positioning request, UE discovery procedure will be started. After discovery, SLPP procedures between target UE and discovered UE will be performed via PC5 (SL) interface. Thus, anchor UE selection can be performed during overall sidelink positioning operation i.e. throughout UE discovery procedure and SLPP procedures. 

Observation 16.	Anchor UE selection can be performed throughout UE discovery procedure and SLPP procedures.

In TR 23.700-86, UE capabilities can be reflected in discovery procedures, e.g., the expected roles of the UEs (e.g. target UE, anchor UE). Further discovery procedures and parameters will be discussed in normative phase, and will be aligned with RAN WGs. 
	-	The expected roles of the UEs (e.g. Target UE, SL Reference UE) can be reflected in discovery procedure.
NOTE 1:	The parameters used in Ranging/Sidelink Positioning device discovery procedures can be decided in normative phase.
NOTE 2:	The Ranging/Sidelink Positioning device discovery procedures and the parameters used in the procedures should be aligned with RAN WGs.



Among considerations on anchor UE selection, information for higher layer criteria may need to be exchanged on higher layers (e.g. V2X/ProSe layer) on UE discovery procedure, but information for AS layer criteria may need to be exchanged on SLPP layer on SLPP procedures. 

Observation 17.	Higher layer criteria may perform on UE discovery procedure and AS layer criteria may perform on SLPP procedures.

In addition to the expected roles of the UEs, some capabilities can be exchanged on UE discovery procedure such as the type of UE (e.g. normal UE, RSU, VRU, etc) and PLMN/LMF due to static value (i.e. not changing value). 

Observation 18.	Static (i.e., unchangeable) capabilities can be considered as higher layer criteria, on the other hand, dynamic (i.e., changeable) capabilities can be considered as AS layer criteria.

From observations above, we made a proposal on capabilities for AS layer criteria in SLPP procedures.

Proposal 2.		RAN2 to discuss following capabilities for AS layer criteria on SLPP procedures; 
1) Ability of SL-PRS transmission/measurement 
2) Supported frequency range (e.g., FR1, FR2, NR-U, etc)
3) Supported roles of UE (e.g., anchor UE, server UE, …) – can be considered as higher layer criteria
4) Supported sidelink positioning methods  
5) Coverage information (e.g., inside of network coverage, outside of network coverage)
6) Providing location information 
7) RSRP and/or LOS/NLOS
8) Location accuracy and/or integrity
9) Synchronization reference (e.g., GNSS, gNB, etc)
10) Type of UE (e.g. normal UE, RSU, VRU, etc) – can be considered as higher layer criteria
11) Velocity and direction
12) PLMN and/or LMF – can be considered as higher layer criteria
13) Source Layer-2 ID and Destination Layer-2 ID
14) Zone ID
15) Direct connection or not (for assistant UE)

[bookmark: _heading=h.jsnaqb5ory8u]2.3		Capabilities transfer/exchange on SLPP procedures
RAN2 agreed to support at least following SLPP procedures (between UEs) corresponding to LPP procedures (between UE and LMF) as baseline, in captured in TR 38.859 below;
	With regards to the sidelink positioning procedures between UEs, SLPP is introduced to support at least the following functionalities:
-	SL Positioning Capability Transfer
-	SL Positioning Assistance Data exchange
-	SL Location Information Transfer
-	Error handling
-	Abort



Based on LPP (according to TS 37.355), each SLPP session comprises one or more SLPP transactions, with each SLPP transaction performing a single operation (SL Positioning Capability Transfer, SL Positioning Assistance Data exchange, SL Location Information Transfer). Also, SLPP transactions within a session may occur serially or in parallel. So, SL Positioning Capability Transfer procedure can be instigated with a new transaction ID during an SLPP session operation.

Observation 19.	SLPP procedures can be performed serially or parallelly with transaction ID.

RAN2 has discussed the cast type for SLPP signaling and agreed to use unicast as baseline. Also, RAN2 observed that it is feasible to send positioning signaling for groupcast/broadcast from RAN2's perspective, but RAN2 will discuss the security issues in groupcast/broadcast with SA3. 
	The cast type for SLPP signaling is studied, including unicast, groupcast and broadcast.
Unicast/one-to-one operation is assumed as baseline for exchange of SLPP signaling between UEs. Unicast SLPP session-based operation is supported. At least "centralized" operation is supported, i.e., operation where one UE performs range and/or position calculations based on measurement/location information relating to itself and/or other UEs. It is feasible to send at least the following positioning signaling for groupcast/broadcast (in addition to unicast) from RAN2's perspective:
-	SL positioning capability
-	SL positioning assistance data
Location information is not excluded and can be further considered in normative work.
RAN2 will 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. 



Observation 20.	Unicast can be used for SLPP message exchange, but groupcast/broadcast will be further discussed for security issues.

Most capabilities for anchor UE selection may be exchanged before SL-PRS transmission and/or measurement (i.e. at SL Positioning Capability Transfer procedure). But some capabilities may need to be updated before/after SL Positioning Assistance Data exchange procedure and SL Location Information Transfer procedure, especially for periodic positioning service and for UE mobility scenarios. Accordingly, UE capability exchange for anchor UE selection can be allowed through SL Positioning Capability Transfer procedure by instigating a new transaction when needed. 

Proposal 3.	RAN2 to confirm that UE capabilities for anchor UE selection are exchanged through SL Positioning Capability Transfer procedure.

If privacy and security issues in groupcast/broadcast are not resolved, UE capabilities should be exchanged via unicast. We understand SA3 will work to resolve security issues in groupcast/broadcast but we actually do not see the issue will be resolved. One thing is that considering the type of UE. That is, SL Positioning Capability Transfer signaling can be exchanged additionally via groupcast/broadcast between target UE and RSU-type anchor UE. 

Proposal 4.	RAN2 to consider cast types of SL Positioning Capability Transfer signaling if there are privacy and security issues in groupcast/broadcast; 
1) via unicast only between target UE and Normal UE 
2) via unicast/groupcast/broadcast between target UE and RSU-type UE 

[bookmark: _heading=h.o5z8swisu2ym]3	Conclusion
[bookmark: _heading=h.azihz8uhe8vk]We observed followings:
[bookmark: _heading=h.mfvqegpabuqo]
Observation 1.	Ability to support SL-PRS transmission and/or measurement is necessary in anchor UE selection. 

Observation 2.	Supported frequency ranges (e.g. FR1, FR2, NR-U, etc) associated with SL-PRS transmission and/or measurement are needed for assistance data transfer. 

Observation 3.	Supported/preferred (sub-)roles of UE (e.g. Anchor UE, Server UE, etc) are needed to organize and manage sidelink positioning members.

Observation 4.	At least one (or more) supported sidelink positioning method should be matched between UEs involved in sidelink positioning.

Observation 5.	UE’s coverage information (e.g. inside of network coverage, outside of network coverage) is needed at least to decide positioning mode (UE-based or UE-assisted). 

Observation 6.	UE’s location information is required at least for absolute positioning.

Observation 7.	UE’s location accuracy/integrity is an additional consideration in order to achieve higher-accuracy.

Observation 8.	RSRP and LOS/NLOS propagation are affecting positioning accuracy. 

Observation 9.	Synchronization error can be reduced under same synchronization reference (e.g. GNSS, gNB).

Observation 10.	It would be beneficial to select RSU-type UE (i.e. stationary UE) rather than normal UE (i.e. moving UE). 

Observation 11.	Velocity and/or direction information could help for more stable positioning service, especially for V2X use case. 

Observation 12.	Anchor UE in the same PLMN is selected to be assisted by LMF if involved.

Observation 13.	Source Layer-2 ID and Destination Layer-2 ID (used in NR sidelink communication) can be used for anchor UE identity at least for “Network-assisted SL Positioning”.

Observation 14.	Zone ID can be used to simply find as close anchor UEs as possible. 

Observation 15.	Whether direct connection or not between assistant UE and paired anchor UE can be used for assistant UE selection, if supported. 

Observation 16.	Anchor UE selection can be performed throughout UE discovery procedure and SLPP procedures. 

Observation 17.	Higher layer criteria may perform on UE discovery procedure and AS layer criteria may perform on SLPP procedures.

Observation 18.	Static (i.e., unchangeable) capabilities can be considered as higher layer criteria, on the other hand, dynamic (i.e., changeable) capabilities can be considered as AS layer criteria.

Observation 19.	SLPP procedures can be performed serially or parallelly with transaction ID.

Observation 20.	Unicast can be used for SLPP message exchange, but groupcast/broadcast will be further discussed for security issues.

From observations, we made proposals.

Proposal 1.	RAN2 to discuss following considerations for anchor UE selection;
1) Ability of SL-PRS transmission/measurement 
2) Supported frequency range (e.g., FR1, FR2, NR-U, etc)
3) Supported roles of UE (e.g., anchor UE, server UE, …)
4) Supported sidelink positioning methods  
5) Coverage information (e.g., inside of network coverage, outside of network coverage)
6) Providing location information 
7) RSRP and/or LOS/NLOS
8) Location accuracy and/or integrity
9) Synchronization reference (e.g., GNSS, gNB, etc)
10) Type of UE (e.g., normal UE, RSU, VRU, etc) 
11) Velocity and/or direction
12) PLMN and/or LMF
13) Source Layer-2 ID and Destination Layer-2 ID
14) Zone ID
15) Direct connection or not (for assistant UE)

Proposal 2.		RAN2 to discuss following capabilities for AS layer criteria on SLPP procedures; 
1) Ability of SL SL -PRS transmission/measurement 
2) Supported frequency range (e.g., FR1, FR2, NR-U, etc)
3) Supported roles of UE (e.g., anchor UE, server UE, …) – can be considered as higher layer criteria
4) Supported sidelink positioning methods  
5) Coverage information (e.g., inside of network coverage, outside of network coverage)
6) Providing location information 
7) RSRP and/or LOS/NLOS
8) Location accuracy and/or integrity
9) Synchronization reference (e.g., GNSS, gNB, etc)
10) Type of UE (e.g. normal UE, RSU, VRU, etc) – can be considered as higher layer criteria
11) Velocity and direction
12) PLMN and/or LMF – can be considered as higher layer criteria
13) Source Layer-2 ID and Destination Layer-2 ID
14) Zone ID
15) Direct connection or not (for assistant UE)

Proposal 3.	RAN2 to confirm that UE capabilities for anchor UE selection are exchanged through SL Positioning Capability Transfer procedure.

Proposal 4.	RAN2 to consider cast types of SL Positioning Capability Transfer signaling if there are privacy and security issues in groupcast/broadcast; 
1) via unicast only between target UE and Normal UE 
2) via unicast/groupcast/broadcast between target UE and RSU-type UE 
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