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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#121-bis-e Meeting [2], we reached the following agreements, which are relevant for session-based sidelink positioning.

	[…]
· Anchor UE and target UE roles can be shown in the sidelink positioning procedures in stage 2. 
· Server UE can be further discussed at least for the case that the server UE is separate from the target and anchor.
· Discovery procedure is included in the sidelink positioning procedure at least for out of coverage scenario.
· Anchor UE selection can be included in the sidelink positioning procedures at least for out of coverage scenario.
· R2 agree that for session-based SLPP, a SLPP session is used among UEs in PC5-only case in order to obtain location related measurements/location estimates, to transfer assistance data, or to exchange of capabilities.
· RAN2 agree that for session-based SLPP, a single SLPP session is created to support a single location request at least in case of a single target UE; FFS how sessions work if there are multiple target UEs in a single location request. 
· RAN2 agree that, for session-based SLPP, SLPP transactions are indicated at the SLPP protocol level with a transaction ID in order to associate messages with one another (e.g., request and response)”
· RAN2 agree that for session-based SLPP, messages within a transaction are linked by a common transaction identifier.
[…]


In this contribution, we provide our views on next steps for sidelink positioning. 
Session-based operation
A key point to be addressed for sidelink positioning in out-of-coverage scenario is to agree on when a session is created, which entity creates a session, how it is maintained and how it is terminated.  Some of the information can be exchanged as a part of discovery, 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. 

A systematic way forward is to create a SLPP session at the UE that is handling the server functionality. This may be another UE acting as a server, one or the anchor UEs or the target UE itself. The session could be created at the target UE if it also performs the functionality of server UE (i.e. resource coordination / positioning computation). Otherwise, the target UE should request the server UE to create and maintain a positioning session.

Observation 1: For a sessionless operation, a session associated with a target UE needs to be created at a server UE.

For session-based operation in out-of-coverage scenario, the following steps are needed 
a. Select a server UE, which may be standalone server UE,  or reside at an anchor node or reside at the target UE itself. 
b. Create of session at the server UE, and provide an identifier to the target UE and anchor UEs so that transactions related to positioning of a target UE can be identified. 
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.
g. Terminate the session. 

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.

After the server UE role is clarified, the server UE determines a set of candidate anchor UEs for a given target UE, and adds UEs in anchor roles to a session. 

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 5: 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.

One possible signalling diagram for the interaction between UEs in out-of-coverage scenario is shown in Figure 1
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[bookmark: _Ref131169777][bookmark: _Ref131169774]Figure 1: Example signalling enabling sidelink positioning in out of coverage scenario.

Sessionless Operation
For sidelink positioning, in certain deployment scenarios the roadside units may be UEs that serve as anchor UEs for positioning. In these scenarios, the target UEs benefit from being able to measure the RSTDs without having to necessarily establish sessions with each of the anchors. The configuration of the SL-RS to be transmitted by the target UE to the anchor UEs or the other way around could be provided as broadcast or as preconfigured data.
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[bookmark: _Ref131426670]Figure 2:Example of UE positioning using sidelink using preconfigured assistance data concept.
A key benefit of using sessionless operation is the ability to get a rough position estimate for the UE with low latency on a best effort basis. On the other hand, the session-based operation may commit supporting UEs to certain roles (such as anchor UE role) or certain behavior, such as transmission/reception of reference signal with a given bandwidth and periodicity, and thereby be able to ensure that the required quality of service is met.

Observation 5: Initial measurement using sessionless operation (specially in out-of-coverage scenarios) may be useful in selecting UEs in anchor roles and requesting a suitable subset of the available UEs to commit to the positioning session for a target UE.

Based on the initial measurement made by the target UE, the UE may be able to select or indicate to the server UE the most suitable anchors. The server UE can then form a positioning session between the target UE and UEs cooperating (by serving as anchors). 
One particular scenario where sessionless operation may be beneficial is UE positioning using UE anchors deployed as roadside units. The location of the UE is fixed, and the UEs can be configured to broadcast certain reference signals on a periodic basis. The measurement made with sessionless operation can be the basis of forming and maintaining session.

Proposal 6: The sessionless operation shall be supported at least for the scenarios containing fixed infrastructure anchors.

Preconfigured AD with validity criteria for sidelink sessionless operation
In Rel. 17, RAN2 agreed on providing multiple instances of preconfigured AD to a UE, where each instance of AD is applicable to an area in the network. In case of positioning for V2X scenarios based on Uu interface, then the resulting scenario could be simplified as shown in Figure 3.
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[bookmark: _Ref118374470]Figure 3: Example of preconfigured assistance data using RSU using Rel. 17 Uu-based positioning methods. 

If we consider self-localization of a UE, as depicted above in Figure 2, and anchor UEs were to be added to enable sidelink positioning, the UE would be able to receive the sidelink reference signal emitted by the anchor UEs and compute its position. The configuration of sidelink anchor UEs (road-side units) could be provided as preconfigured assistance data. In a hybrid scenario, this would look like Figure 4.
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[bookmark: _Ref131426622]Figure 4: Example of application of preconfigured assistance data to a hybrid modus with RSU consisting of TRPs and anchor UEs (Sidelink).
If a UE is preconfigured with AD instances applicable to Area 1 and Area 2, where the UE either computes its own location or provides the measurements to the network via LPP, then active sessions between the sidelink UEs are not necessary. The location of sidelink UEs may be stationary (e.g. fixed RSUs) or semi-stationary (e.g. stationary devices deployed as anchors). Such assistance data can be preconfigured in the same manner as the assistance data for UL/DL positioning. 

Observation 6: Sidelink positioning can be supported in sessionless mode when preconfigured assistance data is provided to the target UE, as long as anchors are at least semi-stationary.

Proposal 7: Providing sidelink reference signal configuration using  preconfigured assistance data mechanism shall be supported.

In Rel. 17, we discussed validity criteria for preconfigured assistance data as a means for reducing latency. For Uu-interface, the TRPs which served as positioning anchors were fixed in space. The anchors in sidelink scenario may be static, semi-static or mobile. Accordingly, the assistance data shall reflect that some components of assistance data shall have a time-validity.

Proposal 8: Elements of preconfigured assistance data may be configured with time validity in addition to area validity. 

Furthermore, one key argument in favour of session-based operation is protecting the privacy of measurement data between anchor and target UE, as this may have privacy concerns if broadcasted. However, the anchors can provide the measurement to the LMF directly in case of LMF-based. 
Observation 7: There may be privacy concerns when an anchor UE broadcasts the measurement between the anchor UE to a target UE. 

Proposal 9: Anchor UEs shall not broadcast the measurements (range measurement to the target UE)  to other UEs. The measurement shall only be transmitted in unicast or report free ranging shall be supported.

In case of target-UE based positioning, a report free ranging  (please see Section 5) can be considered. 

Proposal 10: Tx-Rx-TimeDiff reporting shall be relaxed (no need to report RxTxTimeDiff) by enabling the responder to virtually adjust effective transmit time.
[bookmark: _Ref118375145]Report-free ranging operation (Relaxation of Tx-Rx-TimeDiff) for sidelink 
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[bookmark: _Ref118374483]Figure 5: Depiction of report free sidelink positioning in target-UE-based mode.

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. 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. 

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 8: 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: 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 10: 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. 

Further aspects of session-based operation:
A sessionless approach, where the target UE obtained its position on a best effort basis, relied on assuming that a third UE would be able to perform measurements, transmit reference signals, receive reference signals, provide measurements and so on. This approach would rely on the best-effort cooperation by the third UE and the target UE cannot rely on cooperation from a third UE without a commitment. For example, a UE whose location may be critical for providing a required DOP may fail to provide measurement, possibly due to its own traffic. 
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[bookmark: _Ref127024956]Figure 6: Anchor participating in a session depending on UE location
A session-based operation may attempt to provide a more reliable positioning operation, by searching and committing UEs to cooperate in a positioning session. Providing a session may be beneficial for tracking application, which may consist of one or more deferred MT-LRs or deferred MO-LRs. 

A session-based operation shall 
· Actively attempt to achieve the QoS criteria requested by the location client
· Establish dedicated signalling connection with the anchor UEs and commit them to  perform certain measurements or transmitting reference signal with certain configuration
· Select and reselect the anchors suitable for positioning
· Monitor the anchors – remove existing anchors or add new anchors in the session as needed. Allocate resources or reconfigure, such that the positioning operation can be carried out without hindering the UE operation
· Attempt to optimize resource use.

Proposal 11: A session may be formed by combining of one or more location requests at different instances of time. A session may have more than one request and more than one LCS response.

Proposal 12: Session-based operation shall rely on monitoring the parameters needed for ensuring quality of service. Parameters such as line-of-sight conditions, DOP, multipath scenario at the receiver may be monitored.

The optimal set of constellation depends on the coarse location of UE itself. Hence, initial parameters shall be selected from measurements done on a best effort basis. For example, a LOS condition can be determined without having to use a 100 MHz signal (which may be needed later to ensure accuracy).  

We agreed in RAN2#121 [2] that for cases without LMF involvement, besides method determination, assistant data distribution and anchor UE selection (agreed in RAN2), the SL positioning server UE may perform SL-PRS configuration coordination and location calculation.

The server UE may configure anchor UEs to transmit sidelink reference signal and the target UE to receive the reference signal and vice versa. The server UE acts as an intermediary and the anchors and targets may not know the identity of the UE they are ranging against (as it is the server UE that provides configurations). At the same time, the server UE is a trusted UE (selected according to certain criteria, e.g. a RSU deployed by national authorities) to both anchors and targets. 

Observation 11: The server UE can act as an intermediary hiding the identities of the UEs ranging with each other.

Proposal 13: Server UE shall enable ranging between anchor and target UE without requiring them to exchange signalling messages with each other, by acting as an intermediary node.  




Conclusions
In this contribution, we have made the following observations:
Observation 1: For a sessionless operation, a session associated with a target UE needs to be created at a server UE.
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: Initial measurement using sessionless operation (specially in out-of-coverage scenarios) may be useful in selecting UEs in anchor roles and requesting a suitable subset of the available UEs to commit to the positioning session for a target UE.
Observation 6: Sidelink positioning can be supported in sessionless mode when preconfigured assistance data is provided to the target UE, as long as anchors are at least semi-stationary.
Observation 7: There may be privacy concerns when an anchor UE broadcasts the measurement between the anchor UE to a target UE. 
Observation 8: 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: 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 10: 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 11: The server UE can act as an intermediary hiding the identities of the UEs ranging with each other.

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 list 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: Server UE interacts with anchor UEs to add anchor UEs for a given target UE. 
Proposal 5: 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 6: The sessionless operation shall be supported at least for the scenarios containing fixed infrastructure anchors.
Proposal 7: Providing sidelink reference signal configuration using  preconfigured assistance data mechanism shall be supported.
Proposal 8: Elements of preconfigured assistance data may be configured with time validity in addition to area validity. 
Proposal 9: Anchor UEs shall not broadcast the measurements (range measurement to the target UE)  to other UEs. The measurement shall only be transmitted in unicast or report free ranging shall be supported.
Proposal 10: Tx-Rx-TimeDiff reporting shall be relaxed (no need to report RxTxTimeDiff) by enabling the responder to virtually adjust effective transmit time.
Proposal 11: A session may be formed by combining of one or more location requests at different instances of time. A session may have more than one request and more than one LCS response.
Proposal 12: Session-based operation shall rely on monitoring the parameters needed for ensuring quality of service. Parameters such as line-of-sight conditions, DOP, multipath scenario at the receiver may be monitored.
Proposal 13: Server UE shall enable ranging between anchor and target UE without requiring them to exchange signalling messages with each other, by acting as an intermediary node.  
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