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The WID [1] for study on expanded and improved NR positioning enhancements in Rel. 18 lists among others, the following as RAN2 objectives:

	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
1. Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
2. Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
3. 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. 
4. Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 



In RAN2#122 Meeting [2], we reached the following agreements, which are relevant for session-based sidelink positioning.

	Agreements:
· SLPP over PC5-U/Uu will support reliable transport for at least unicast. FFS groupcast.
Inform SA2 about our agreements on sidelink positioning, with “take into account” action.
SLPP carried over NAS is used between UE and LMF. FFS on how to manage the session/transaction.

· Anchor UE selection is supported by information about the candidate anchor UEs.  At least the following list can be discussed for use in anchor UE selection:

1.	UE roles
2.	Supported positioning method
3.	In coverage or not
4.	RSRP
5.	LOS/NLOS
6.	Location
7.	PLMN

A normative requirement on which anchor UEs to select (e.g., ranking) will not be specified.
RAN2 impact of this information to be determined.
FFS which information would be determined statically/dynamically


In this contribution, we provide our views on next steps for sidelink positioning. 

Session-based operation

For session-based operation scenario, the following functionalities are needed 
a. Discovering UEs with certain roles
b. Selection of positioning server (LMF in case of in-coverage, server UE in case of out-of-coverage)
c. Identifying the anchors that are suitable for positioning for the given target UE
d. Acquire configurations of the SL-PRS the transmitter is using and provide it to the receiver. 
e. Acquire measurements from the target / anchor
f. Compute location and provide it to the client.

In this contribution, we provide our views on how the above steps can be accomplished, highlighting what needs to be done further, given the agreements we have already made so far. 

Discovering UE with certain roles and capabilities: 
Static information could be added to the discovery messages. which we agreed in RAN2#121bis that the discovery message can be used to carry information for the targeted discovery and candidate selection of SL positioning UE, including including at least the indication of anchor UE, target UE. and server UE roles. 

Certain capabilities, such as UE roles, supported positioning method, PLMN, location (e.g. for fixed nodes such as RSU) can be provided within discovery message or within ProvideCapabilities message in sidelink. 

Other situational factors, such as LOS/NLOS indication, in coverage or not, RSRP can only be determined after performing measurement on sidelink reference signals. However, they are important information in selecting server node and anchor nodes for a target UE. The behaviour does not need to be specified in the standards, but it can be assumed that a reasonable server UE will select anchor UE that have LOS conditions with the target UE.

Selection of positioning server: 
For in-coverage and partial coverage scenario, the LMF is responsible 

Observation 1: For in coverage and partial coverage scenario, the role of positioning server is taken at the LMF.

In RAN2#121bis, we also further confirmed that that discovery messages will be used to carry information for targeted discovery and candidate selection of SL positioning UEs, including at least the indication of anchor UE, target UE. and server UE roles. We left open to discussion how much information is indicated about anchor UEs (e.g., knowledge of location).


Observation 2: From reading messages exchanged using groupcast and broadcast mechanism, a UE can identify candidate UEs for server and/or anchor role. 

A key-point to be addressed is how a target UE determines a server and initiates connection with the server to proceed. This is because the server needs to be within the range of both the target UEs and the anchors UEs.

Furthermore, a target UE may select one UE over another UE to take the server UE role according to some selection criteria. The target UE may have privacy restrictions, which may restrict the server role only to certain UEs.  Likewise, the target UE may need a certain QoS and that requires certain latency on signalling links or that the target UE may wish to use a certain positioning method. Likewise, the server UE may also have certain restrictions with respect to which UEs they process. 

Observation 3: A target UE may have some selection criteria (possibly configured by the network) to select a server  UE or anchor UEs. 

A target UE can request one or more UEs with server capabilities to respond if they can take over a server role for the requesting target UE. Likewise, a UE may be in a situation to downselect from a possible set of server UEs according to certain selection criteria.

Observation 4: A request/response model can be used to associate a UE to a role within a session. 

In this section, we discuss the selection of server UE and the anchor UE. For a sessionless operation, a session associated with a target UE needs to be created at a server UE. This session may be uniquely identified by an identifier. 

Proposal 1: A session shall be created at a server UE, a server UE shall be selected by the target UE from the following options: 
Option 1: The server UE (functionality) resides at the target UE itself. 
Option 2: The server UE (functionality) resides at a different UE (standalone or coexisting with anchor UE role). 

Proposal 2: A target UE requests a server UE from a shortlist of server UE candidates to create a session or takes the server UE role itself. 

Proposal 3: A target UE shall indicate parameters enabling the server UE fulfilling the parameters to respond, and the target UE shall select a server UE from the responding server UEs according to certain criteria.





Selection of anchors: 
In RAN2#122, we agreed that 

Anchor UE selection is supported by information about the candidate anchor UEs.  At least the following list can be discussed for use in anchor UE selection:

1.	UE roles
2.	Supported positioning method
3.	In coverage or not
4.	RSRP
5.	LOS/NLOS
6.	Location
7.	PLMN

A normative requirement on which anchor UEs to select (e.g., ranking) will not be specified.
RAN2 impact of this information to be determined.
FFS which information would be determined statically/dynamically

Among the above criteria, the following criteria are static or semi-static 
1) UE – roles supported 
2) Supported positioning method 
3) PLMN
4) Location (for fixed infrastructure anchors, such as RSU)

Likewise, the following criteria are dependent on UE location and channel conditions: 
1) In coverage or not 
2) RSRP 
3) LOS/NLOS 
4) Location (for moving anchors)

We observe that the RSRP, LOS/NLOS is channel dependent parameter between two links, which can only be ascertained via measurements on the links. 

Observation 5: Some parameters such as RSRP, LOS/NLOS can be determined using AS measurements. Therefore, need some preconfigured resources for monitoring / initial selection. 

Proposal 4: In scenarios where the server UE is not the same physical device as the target UE, RAN2 shall discuss how we provide measurement on RSRP, LOS/NLOS to the server UE to enable the server UE to decide on anchor nodes for a target UE. 

Proposal 5: In scenarios where the target UE is the same as the server UE, RAN2 shall discuss how the target UE obtains RSRP, LOS/NLOS information for selecting the anchor UEs.

Proposal 4: Server UE interacts with anchor UEs to add anchor UEs for a given target UE. 

Initial measurements from the target UE may be helpful for suitable selection of anchor UEs. Such initial measurement may be provided by the target UE to the server UE to help selection of the anchor UEs. Preconfigured assistance data (with area validity) may be utilized for obtaining initial measurements to aid the selection of the anchor UEs. For example, the configuration of the roadside units may be provided as preconfigured assistance data to the target UEs to help the server UE determine the suitable units to add to the sidelink positioning session. 

Proposal 6: Measurement performed by the target UE using preconfigured assistance data (in sessionless operation) may be used by the server UE to select anchor UEs for a target UE.

Acquiring configuration and providing to ranging counterpart

As discussed above, some initial measurements are necessary to acquire suitable anchors for a given target UE. After evaluating the intial measurements (such as identifying LOS links, identifying links that have suitable RSRP, DOP achievable with a certain constellation of anchors) at the server, the server can select certain anchor UEs for the target. 

Now for ranging, the server UE provides anchor UEs  (and target UE if server UE and target UEs are different physical devices), the configuration of reference signals to transmit and to perform measurement on. 

Observation 6: In sidelink the UEs are moving, and the parameters used for identifying suitable anchor nodes  (RSRP, LOS/NLOS … etc) change over time. 

Proposal 7: UEs are configured with monitoring resources to refine the selection of UEs that are anchor nodes for a given UE. The monitoring resources may have lower periodicity or bandwidth from the resources used for ranging. 

Acquire measurements from the target / anchor 

The server UE (or the target UE) can acquire measurement from the anchors, by transmitting the ProvideLocationInformation message adapted for the sidelink measurement reporting.  

For sidelink positioning, if the ranging, using round trip time, is done the classical way where each side target UE and anchor UE report the RxTxDiff to the LMF (in UE assisted network based mode) or where the anchor UEs report the RxTxDiff to the target UE (in target UE based, anchor UE assisted mode), this leads to high number of packets that need to be exchanged over the wireless interface. 
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[bookmark: _Ref118374483]Figure 5: Depiction of report free sidelink positioning in target-UE-based mode.

Observation 7: Signalling overhead is significantly reduced by using report-free RTT. No additional messages for providing measurements are needed for this approach, and ProvideLocationInformation is one of the most frequently exchanged message in a positioning session.  

This can be reduced by enabling report-free ranging operation where a UE initiates a transmission of sidelink operation and the second UE responds to the UE maintaining a fixed time between reception and transmission. Now the initiating UE computes the RxTxTimeDiff and subtracts the fixed value (corresponding to the fixed timing maintained by its counterpart) from the computed value. 

Observation 8: A UE initiating sidelink positioning reference signal for ranging does not need to receive RxTxDiff from another UE, as long as its counterpart transmits a signal maintaining (at least virtually) a fixed value of transmit-receive time difference. 

The advantages of report-free ranging operation are as follows: 
· Reduction in congestion (no packets to be transmitted/retransmitted), which arises from the fact that positioning reference signals can be received and measured at much lower values compared to the SNRs needed for successful packet decoding. 
· Reduction in latency, which arises from not having to establish separate connections with sidelink UEs to exchange measurements.
· Privacy protection, because the range cannot be determined if the responding UE does not respond. This may not be an issue for infrastructure UEs (such as roadside units) but could be privacy issue for UEs attached to people or objects. 
One of the ways a fixed response time can be maintained is by cyclically shifting the transmitted sequence taking into account the Rx-time and the true Tx-time. 

Observation 9: One of the ways a fixed response time can be maintained is by cyclically shifting the transmitted sequence taking into account the Rx-time and the true Tx-time. 

Observation 10: PRS signals can be received with a bigger range than the signalling messages. At least for distant UEs pairs, adjusted PRS signal can convey measurement implicity. 

Proposal 8: Tx-Rx-TimeDiff reporting shall be relaxed (no need to report RxTxTimeDiff) by enabling the responder to virtually adjust effective transmit time.


One possible signalling diagram for the interaction between UEs in out-of-coverage scenario is shown in Figure 1


Compute location and provide it to the client.
Computing location is implementation specific to the UE. The UE computes location and provides to the client that requested it. 



Example stage 2 interaction between out-of-coverage positioning
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[bookmark: _Ref131169777][bookmark: _Ref131169774]Figure 1: Example signalling enabling sidelink positioning in out of coverage scenario.

Conclusions
In this contribution, we have made the following observations:
Observation 1: For in coverage and partial coverage scenario, the role of positioning server is taken at the LMF.

Observation 2: From reading messages exchanged using groupcast and broadcast mechanism, a UE can identify candidate UEs for server and/or anchor role. 

Observation 3: A target UE may have some selection criteria (possibly configured by the network) to select a server  UE or anchor UEs. 

Observation 4: A request/response model can be used to associate a UE to a role within a session. 

Observation 5: Some parameters such as RSRP, LOS/NLOS can be determined using AS measurements. Therefore, need some preconfigured resources for monitoring / initial selection. 

Observation 6: In sidelink the UEs are moving, and the parameters used for identifying suitable anchor nodes  (RSRP, LOS/NLOS … etc) change over time. 

Observation 7: Signalling overhead is significantly reduced by using report-free RTT. No additional messages for providing measurements are needed for this approach, and ProvideLocationInformation is one of the most frequently exchanged message in a positioning session.  

Observation 8: A UE initiating sidelink positioning reference signal for ranging does not need to receive RxTxDiff from another UE, as long as its counterpart transmits a signal maintaining (at least virtually) a fixed value of transmit-receive time difference. 

Observation 9: One of the ways a fixed response time can be maintained is by cyclically shifting the transmitted sequence taking into account the Rx-time and the true Tx-time. 

Observation 10: PRS signals can be received with a bigger range than the signalling messages. At least for distant UEs pairs, adjusted PRS signal can convey measurement implicity. 

Based on the above observations, we make the following proposals:

Proposal 1: A session shall be created at a server UE, a server UE shall be selected by the target UE from the following options: 
Option 1: The server UE (functionality) resides at the target UE itself. 
Option 2: The server UE (functionality) resides at a different UE (standalone or coexisting with anchor UE role). 

Proposal 2: A target UE requests a server UE from a shortlist of server UE candidates to create a session or takes the server UE role itself. 

Proposal 3: A target UE shall indicate parameters enabling the server UE fulfilling the parameters to respond, and the target UE shall select a server UE from the responding server UEs according to certain criteria.

Proposal 4: In scenarios where the server UE is not the same physical device as the target UE, RAN2 shall discuss how we provide measurement on RSRP, LOS/NLOS to the server UE to enable the server UE to decide on anchor nodes for a target UE. 

Proposal 5: In scenarios where the target UE is the same as the server UE, RAN2 shall discuss how the target UE obtains RSRP, LOS/NLOS information for selecting the anchor UEs.

Proposal 4: Server UE interacts with anchor UEs to add anchor UEs for a given target UE. 

Proposal 6: Measurement performed by the target UE using preconfigured assistance data (in sessionless operation) may be used by the server UE to select anchor UEs for a target UE.

Proposal 7: UEs are configured with monitoring resources to refine the selection of UEs that are anchor nodes for a given UE. The monitoring resources may have lower periodicity or bandwidth from the resources used for ranging.

Proposal 8: Tx-Rx-TimeDiff reporting shall be relaxed (no need to report RxTxTimeDiff) by enabling the responder to virtually adjust effective transmit time.
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