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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included the study of potential solutions to enable SL Positioning. The following agreements were made during RAN2#119-e [2] relating to the SL Positioning study:
	Agreements:
Proposal 1 (modified): Confirm that for sidelink positioning in-coverage, partial coverage and out-of-coverage scenarios shall be supported.  FFS if partial coverage case assumes anything about which UEs are in coverage.
Proposal 2: Study the architecture and signaling procedures to enable at least the following two operation scenarios:
-Operation Scenario 1: PC5-only-based positioning.
-Operation Scenario 2: Combination of Uu- and PC5-based positioning.

Agreement:
RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server.  FFS from RAN2 perspective if there are cases without a UE in the location server role.

Agreement:
Proposal 4 (modified): Align with SA2/RAN1 on the terms for sidelink positioning, and introduce the following terms of UE role as the baseline for further discussion:
-Target UE: UE to be positioned
-Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface.  FFS: clarification of the knowledge of the anchor UE.
Additional roles can be considered.

Agreements:
Introduce a new protocol for sidelink positioning procedures between UEs (name FFS, e.g., RSPP, SLPP).  FFS where it is specified.
The new protocol is a separate ASN.1 module from LPP (this does not necessarily imply whether it is included in 37.355).

Agreement:
Study the potential impact to LPP for support of sidelink positioning procedures between UE and LMF.  FFS how much impact (if any), e.g., only to carry the new protocol, and if the PC5-only and hybrid PC5+Uu cases are the same or different.

Agreement:
RAN2 wait for SA2 on the triggering of the positioning procedures from upper layers.

Agreement:
RAN2 will study the question of cast type for positioning signalling.  For SL-PRS, follow RAN1 decision and consider cast type if something arises in RAN2 scope.



This contribution provides a detailed discussion into the potential areas to develop in order to support the necessary functionality and procedures to perform SL positioning.
SL Positioning Roles & Terminology
During the previous RAN2#119-e meeting, a few SL positioning terms were agreed upon, mainly in line with the RAN1 agreements. SA2 has also agreed on additional SL positioning roles as mentioned in their LS [3]. Table 1 shows the mapping of the SL positioning roles between RAN1/RAN2 and SA2 with associated comments.
[bookmark: _Ref115351090]Table 1: Mapping between RAN and SA2 SL Positioning Roles
	RAN1/RAN2 
	SA2 
	Comments

	(Agreed) Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
	Target UE: A UE whose distance, direction and/or position is measured with the support from one or multiple SL Reference UEs using Sidelink in the Ranging based service and Sidelink positioning
	Equivalent definition, (RAN and SA2 are aligned on this SL positioning role)

	(Agreed) Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE
	Reference UE: A UE, supporting positioning of target UE, e.g. by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc. using sidelink.
NOTE 1:  SL Reference UE is understood as "Anchor UE" in RAN WG1 TR 38.859 .
NOTE 2:  "Reference UE" mentioned in KIs and Solutions of this TR refers to "SL Reference UE".
	Equivalent definition, (RAN and SA2 are aligned on this SL positioning role).
From our perspective, an anchor UE has to have a known location by nature of the definition. A non-anchor UE may be converted to an anchor-UE via Uu or other location determination procedures

	Anchor UE: A re-selected anchor UE with a direct link may also fulfill this role.
	Assistant UE: A UE supporting Ranging/Sidelink Positioning between a SL Reference UE and a Target UE over PC5, when the direct Ranging/Sidelink positioning between the SL Reference UE and Target UE cannot be supported. The measurement/result of Ranging/Sidelink Positioning between the Assistant UE and the SL Reference UE and that between the Assistant UE and the Target UE are determined and used to derive the Ranging/Sidelink Positioning result between Target UE and SL Reference UE.

	FFS whether the roles of an assistant UE may be assumed by a newly re-selected anchor UE with a direct link.
Another potential anchor UE with a direct link with target UE, may be re-selected and may also act and fulfill the roles of an assistant UE, in the case of no direct link between target UE and anchor UE.
May be aligned with RAN Anchor UE definition.


	Anchor UE: This is an anchor UE with an inherent known Location.

	Located UE: A SL Reference UE of which the location is known or is able to be known using Uu based positioning. A Located UE can be used to determine the location of a Target UE using Sidelink Positioning.

	Aligned with RAN Anchor UE definition. 
A Located UE is essentially an Anchor UE with a known location, which is part of the definition of an Anchor UE.
A separate Located UE may increase the complexity of the SL positioning perspective from a RAN coordination perspective.

	Anchor UE and Target UE: The anchor UE and target UE may act as a SL Positioning Server UE as noted in SA2 definition.
	SL Positioning Server UE: A UE offering location calculation, for Sidelink Positioning and Ranging based service. It interacts with other UEs over PC5 as necessary in order to calculate the location of the Target UE. Target UE or SL Reference UE can act as SL Positioning Server UE if location calculation is supported.
	May be aligned with RAN Target UE and Anchor UE definition.
A separate SL Positioning Server UE may increase the complexity of the SL positioning perspective from a RAN coordination perspective.



	No equivalent roles discussed
	SL Positioning Client UE: A third-party UE, other than SL Reference UE and Target UE, which initiates Ranging/Sidelink positioning service request on behalf of the application residing on it.
NOTE 3:  The SL Positioning Client UE does not have to support Ranging/Sidelink positioning capability, but a communication between the SL Positioning Client UE and SL Reference UE/Target UE has to be established, either via PC5 or via 5GC, for the transmission of the service request and the result.
	A separate SL Positioning Client UE may increase the complexity of the SL positioning perspective from a RAN coordination perspective.
Security/privacy aspects need to be further investigated when a 3rd party is requesting location information or initiating a positioning service.



Proposal 1: RAN2 to update the existing agreed Anchor UE SL positioning role as follows:
“Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE. The location of the anchor UE is known or is able to be known using Uu based positioning. One or more Anchor UEs may be used to determine the location of a Target UE using Sidelink Positioning.
· Anchor UE may assume an Assistant UE role as per the SA2 definition.”
· Anchor UE may assume a SL Positioning Server UE role as per the SA2 definition.
Proposal 2: RAN2 to update the existing agreed Target UE SL positioning role as follows:
“Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Target UE may assume a role of a SL Positioning server UE as per the SA2 definition.”
Traditionally in SL communications, we refer to the TX UE and RX UE to distinguish SL communication between a pair of UEs. There should be some sort of terminology for distinguishing the start/initiation of SL positioning/relative positioning between a pair of UEs or one or more UEs. In this case, both the Initiator and Responder UE(s) can be both a TX and RX UEs at a given time within the same SL positioning session.  Therefore, the following added terminology can be agreed upon from RAN2 point of view to facilitate the discussions related to the operation of a SL positioning session:
· Initiator UE initiates a SL positioning/ranging session, may be a network entity, (e.g., gNB, LMF) or UE/roadside unit (RSU).
· Responder UE responds to a SL positioning/ranging session from an initiator device, may be a network entity, (e.g., gNB, LMF) or UE/roadside unit (RSU).
Proposal 3: RAN2 to consider the additional terminology Initiator and Responder UE(s) to further facilitate the SL Positioning discussions.
[bookmark: _Ref110522959]SL Positioning Models
The traditional 3GPP Uu positioning framework consists of 2 models, whereby the position estimate of a UE is computed, which includes:
· Uu Model 1 - UE-assisted positioning: The configuration and positioning calculation entity is the LMF
· Uu Model 2 - UE-based positioning: The configuration entity is the LMF, while the positioning calculation entity is the UE.

These aforementioned models only catered to in-coverage UEs, with the involvement of the NG-RAN, AMF and LMF. 
Considering the distributed nature of SL communications as well as additional partial coverage and out of coverage scenarios to be supported for SL positioning, it is important to distinguish the difference between a configuration entity and positioning calculation entity.

The configuration entity may configure the assistance data (including time-frequency resources in which to measure the SL positioning measurements), e.g., LMF, gNB, RSU, target-UE, anchor UE, etc. On the other hand, the positioning calculation entity is responsible for SL measurement requests as well as the reception of the SL measurements and finally the final computation of the location estimate, e.g., LMF, gNB, RSU, target-UE, anchor UE, etc. The entities(s) involved may also vary depending on the type of coverage scenario. 

Observation 1: In SL Positioning, it is important to distinguish between the configuration and positioning calculation entity depending on the coverage scenario.

SA2 has further defined the following according to their LS [3]:

	Network-assisted Operation: Operation of Ranging/Sidelink Positioning with the involvement of 5GC NFs for the service request handling and result calculation.
UE-only Operation: Operation of Ranging/Sidelink Positioning in which the service request handling and result calculation are performed by UE.



However, it is unclear based on the above operations, if there can be mixed scenario where the network configures the operation of SL positioning/ranging and the results calculation is performed at the UE and vice versa.

Therefore, in order to facilitate the RAN2 discussions, the following 4 SL positioning models are to be considered during the study, which includes the both the standalone (as described by SL Positioning Model 1a and SL Positioning Model 2a) and mixed scenario (as described by SL Positioning Model 1b and SL Positioning Model 2b):

· SL Positioning Model 1a - UE-assisted positioning: The configuration entity and positioning calculation entity is a network node comprising either of the LMF or gNB.
· SL Positioning Model 1b – UE-assisted positioning: The configuration entity is a UE, while the positioning calculation entity is a network node comprising either of an LMF or gNB. 
· SL Positioning Model 2a – UE-based positioning: The configuration entity and positioning calculation entity is a UE.
· SL Positioning Model 2b - UE-based positioning: The configuration entity is a network node comprising either of an LMF or gNB, while the positioning calculation entity is a UE.

The above models mentioned ensure that SL positioning is supported in in-coverage, partial coverage as well as out-of-coverage scenarios.

Proposal 4: Support the following 4 RAN-defined models for SL positioning, which distinguish the configuration entity and positioning calculation entity for in-coverage, and partial and out-of-coverage scenarios:
· SL Positioning Model 1a - UE-assisted positioning (network-configured)
· SL Positioning Model 1b – UE-assisted positioning (UE-configured)
· SL Positioning Model 2a – UE-based positioning (UE-configured)
· SL Positioning Model 2b - UE-based positioning (network-configured)
SL Positioning Protocol and Architecture
Architecture
The Uu positioning architecture is primarily based on the involvement of the LMF and as such can only operate in in-coverage scenarios with a network deployment supporting an LMF. In the case of SL positioning, the use cases span across different vertical applications (e.g., V2X, Public Safety, IIoT and Commercial ranging), which have different requirements in terms of coverage scenario operation. The proposed SL positioning architecture should also support partial and out-of-coverage scenarios. This aspect was extensively studied during the RAN study in TR 38.845 [7], where the SL positioning framework should cater to all coverage scenarios.

Observation 2: The designed SL Positioning architecture should cater to all use cases including V2X, Public Safety, IIoT and Commercial ranging across all coverage scenario, i.e., in-coverage, partial coverage and out-of-coverage.

Furthermore, due to the distributed nature of SL positioning there are multiple entities which may act as configuration and positioning calculation entities, e.g., RSU, gNB, target-UE, anchor-UE, other assistance UEs, positioning reference units, etc., which is different from the Uu operation where the LMF was responsible for both positioning configuration and positioning calculation. It is, therefore, important to consider the involvement of such entities within the SL positioning architecture.

Observation 3: Aside from the LMF, other entities which may be involved in a SL positioning session may include RSU, gNB, target-UE, anchor-UE, other assistance UEs, positioning reference units, etc.

The following architecture options as shown in Table 2 may be further studied by RAN2 (also in consultation with SA2):

[bookmark: _Ref115350644]Table 2: SL Positioning Architecture options
	Architecture Options
	High-level Advantages
	High-level Challenges

	Option 1: LMF dependent SL positioning architecture 
	- For in-coverage UEs performing SL positioning/ranging the LMF may be involved and can leverage the re-use of the existing Uu positioning framework (LPP).

- Can be leveraged for improving positioning in the case Uu and SL positioning measurements are required.
	- A standalone SL positioning architecture for partial coverage and out-of-coverage UEs may be required

-For SL positioning/ranging, LMF involvement may increase positioning latency due to configuration since gNB performs resource allocation for SL communications


	Option 2: LMF independent SL positioning architecture (PC5-only architecture)
	- May not require a UE to support LPP to support SL Positioning UE 

- SL positioning/ranging can be independent of whether a network deployment supports an LMF or not.

- Same SL positioning architecture and procedures can be used across all coverage scenarios.
	- Additional coordination will be required for configuration,  measurement & reporting of both Uu and SL positioning measurements to improve both Uu positioning accuracy and SL positioning accuracy for in-coverage scenarios.





Proposal 5: RAN2 to further study the feasibility of both LMF-dependent and LMF-independent SL positioning architectures with inputs from SA2.
Protocol Design
LPP serves as point-to-point positioning protocol or UE-terminated protocol between a location server (E-SMLC, LMF or SLP) and a target device (UE or SET) in order to position the target device using position-related measurements obtained by one or more reference sources, which may include GNSS (RAT-independent methods) or NG-RAN node for RAT-dependent methods. LPP covers the initiation or maintenance or termination of one or more LPP sessions, management of different transactions and other aspects to enable different location procedures. Normally, the NAS layer (control plane) or OMA SUPL (secure user-plane) may be utilised to transfer such LPP messages. The protocol layering is illustrated in Figure 1..


[bookmark: _Ref115349745]Figure 1: LPP Protocol Layer on the Uu interface [TS 38.305]
Observation 4: LPP offers the framework to exchange messages required to enable Uu positioning.
However, on the SL or PC5 interface the operations have thus far catered towards SL communication and require additional feasibility studies for enabling SL positioning/ranging. Two protocol stacks for PC5 may be distinguished on the control plane as seen in Figure 2:
[image: ]
[bookmark: _Ref115349765]Figure 2: C-Plane SL Protocol Stack [TS38.300]
Signalling Features in-coverage SL Positioning
During the RAN2#Post119-e email discussion [4], a few issues were discussed with respect to the key features of the newly agreed SLPP/RSPP protocol. One issue is the interaction of LPP and SLPP for performing PC5-only positioning and hybrid Uu+PC5 positioning.

In our view an LMF dependent approach is required to support hybrid Uu+PC5 positioning, while PC5-only positioning can work without the LMF involvement to enable PC5-only positioning by directly using SLPP between one or more UEs participating a SLPP positioning session. This is also dependent on the type of positioning method configured in each scenario, PC5-only and Uu+PC5. RAN2 is therefore asked to consider each scenario on a case by case basis in order to determine which aspects of the LPP signalling need to be enhanced as well as the new signalling features of SLPP.

Proposal 6: RAN2 to consider the signalling features for the in-coverage SL positioning scenario according to the positioning method of interest, i.e., PC5-only positioning and hybrid Uu+PC5 positioning.

 Cast type Considerations
A number of signalling use cases were provided in relation to broadcast and groupcast support during the RAN2#Post119-e email discussion, which are largely motivated from the exiting LPP signalling. Generally speaking, all of the existing LPP and NRPPa procedures need to be carefully studied before consideration in SLPP. 
Use cases 2a and 2c from Section 4.3 of  RAN2#Post119-e email discussion [4],  follow from the Uu unicast operation, which can be UE-specific. This could also be beneficial in a broadcast and groupcast SL positioning scenario. Use case 2b is a straight-forward extension of the Uu operation, where such information may be broadcasted by other UEs, although the security aspects need to be further studied. 
In the case of Use case 1, capability transfer is normally considered as sensitive information and therefore broadcasting of such information would be undesirable and therefore further study would be needed on the support of broadcast of capabilities. However, we do see a scenario where capabilities may be groupcasted to members of a SL positioning group, where such information may be restricted to the group members.
Proposal 7: RAN2 to consider the security impacts for the broadcast/groupcast of certain potential SLPP messages such as capability and assistance data messages.
SL Positioning Techniques
SL RAT-dependent Positioning techniques 
The potential SL positioning/ranging techniques should be able to support different scenarios, especially given that anchor nodes (whose location is usually known) and non-anchor nodes (whose location is usually unknown or only coarsely known) can be considered given the distributed nature of SL communications. The SL RAT-dependent positioning techniques to be supported may be summarized as follows:
· SL timing-based positioning methods 
· SL-TDoA 
· SL-RTT (including one-way and two-way RTT methods)
· SL angular-based positioning methods
· SL-AoD
· SL-AoA
· SL Location fingerprinting methods
· Exploiting RRM measurements such as SL RS RSRP/RSRQ measurements 

Furthermore, during RAN1#109-e [5] and RAN1#110 [6] meetings, RAN1 had already made some progress towards this aspect based on the following agreements:

	RAN1#109-e Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
· SL-AoA
· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
· SL-TDOA
· SL-AoD
· Corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu. 
· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.  
· Note: When the study of carrier phase positioning and the evaluations of sidelink positioning have progressed, it can be reviewed whether carrier phase for sidelink can be considered in further work. Checkpoint at RAN1#110-e-Bis to see if sufficient information is available for this review.
Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.

RAN1#110 Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  




As such RAN2 should coordinate with RAN1 on the supported positioning techniques by awaiting further feedback on the feasibility of the different timing-based and angle-based SL positioning techniques.

Proposal 8: RAN2 to await RAN1 outcome on the study of the supported SL timing-based and angle-based RAT-dependent positioning techniques.

Anchor UEs/RSUs
The positioning requirements agreed in RAN1#109-e [5], target both absolute and relative positioning requirements. For each of these cases, it is expected that anchor UEs with relative stable mobility patterns and known UE locations, may be configured to participate in SL positioning/ranging session. This is especially required for positioning techniques requiring 2 or more anchor nodes for enhanced positioning performance.
Observation 5: Anchor nodes with known locations such as UEs and RSUs can enable certain SL positioning techniques and in other cases improve positioning performance.
One of the key responsibilities of anchor nodes, would be to transmit/receive SL-PRS, perform SL positioning measurements and reporting, as well as any other key positioning-related tasks. In the case of anchor UEs, there are additional issues worth studying including the selection, triggering and configuration of anchor nodes to perform the aforementioned tasks. And the solutions for anchor nodes issues should be studied for both LMF dependent SL positioning architecture and LMF-independent SL positioning architecture as discussed in Section 4, to support in coverage, partial coverage and out of coverage scenario. For LMF dependent SL positioning architecture, LMF may need to perform management to the anchor nodes in addition to legacy target UE, while for LMF-independent SL positioning architecture, the anchor nodes management (e.g., including (re)selection, triggering and configuration) may be controlled by gNB if in-coverage or determined by an Initiator UE that starts/initiates the SL positioning session, and therefore the corresponding coordination procedures need to be studied.
Proposal 9: RAN2 is suggested to investigate the procedures related to anchor UE(s) with known locations including (re)selection, triggering and configuration when performing sidelink positioning procedures.
Hybrid Positioning
It is also well established that no single positioning technique can satisfy all the target positioning requirements, especially considering different use cases have varying positioning requirements. The SL Positioning framework should be able to support and leverage hybrid positioning in order to extract the best gains from different interfaces, positioning techniques as well as 3GPP/non-3GPP technologies. Accordingly, we define hybrid positioning based on two categories: 
· Hybrid Positioning Model A (using hybrid interfaces) – This hybrid positioning model leverages measurements from both Uu and PC5 interface to enable positioning functions and enhance either the Uu positioning estimate (based on the LPP framework) or SL positioning estimate.
· Hybrid Positioning Model B (using hybrid positioning technologies) - This hybrid positioning model exploits the position computation using a combination of RAT-dependent and RAT-independent methods (e.g., GNSS, WLAN, Bluetooth, IMU,etc.). Since RAT-independent methods have already been supported within Uu positioning framework, it can be also straight-forward to enable SL positioning to re-use existing RAT-independent methods without significant additional work.
Proposal 10: RAN2 to further study the support of hybrid positioning under the following models: 
· Hybrid Positioning Model A - Hybrid positioning using hybrid interfaces including the support of Uu and SL measurements for SL position calculation.
· Hybrid Positioning Model B - Hybrid positioning using hybrid technologies including the support of RAT-dependent and RAT-independent methods for position calculation.
SL Positioning Configuration and Resource Allocation
General
In the context of the Uu positioning, the LMF is a key central entity coordinating the PRS/SRS resource configuration with the serving and neighbouring gNBs via the NRPPa interface, while in SL the gNB is responsible for the configuration and resource allocation of all SL UEs, while in-coverage. In order to avoid additional spec. efforts, it is recommended that SL positioning resource allocation mechanism reuse many of the principles that already exist to enable SL communications.
Observation 6: In Uu positioning, the LMF coordinated the transmission configuration of PRS/SRS, while for in-coverage SL UEs, the gNB is the key configuration entity.
Furthermore, it is yet to be determined whether dedicated or shared resource pools will be configured for SL positioning and is currently under RAN1 discussion based on the RAN1#109-e agreement [5]: 
	RAN1#109-e Agreement
With regards to the SL Positioning resource allocation, study further the following 2 options for SL Positioning resource (pre-)configuration:
· Option 1: Dedicated resource pool for SL-PRS 
· Include in the study at least the following aspects:
· which slots can be used, SL frame structure, SL positioning slot structure, multiplexing of SL-PRS with control information (if included in the same slot)
· positioning measurement report
· whether a dedicated frequency allocation (e.g., layer/BWP) is needed for SL PRS
· resource allocation procedure(s) of SL-PRS
· This option may or may not include control information (i.e., configuration/activation/deactivation/triggering of SL-PRS) for the purpose of SL positioning operation
· Option 2: Shared resource pool with sidelink communication.
· Include in the study at least the following aspects:
· co-existence between SL communication and SL positioning, backward compatibility
· Multiplexing considerations of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH) and any modifications in the SL-slot structure


It is recommended that RAN2 await any further updates related to the resource allocation procedures from RAN1, in order to further progress on this aspect.
Observation 7: Discussions on SL positioning resource pool structure are already in progress in RAN1.
Configuration
The SL positioning configuration may comprise of all necessary parameters required to support a SL positioning/ranging session. This may include not only time -frequency resources or other physical-layer parameters, but also the type of configured positioning techniques, selected and configured anchor nodes, QoS information, and additional assistance information that may assist the configuration node with the SL positioning configuration Figure 3 is a general conceptual overview of the SL positioning configuration, measurement and reporting flow for SL positioning. 
[image: ]
[bookmark: _Ref115351030]Figure 3: SL positioning configuration, measurement and reporting flow for SL positioning
Furthermore, Figure 3 may also align with different positioning models outlined in Section 3.
Proposal 11: RAN2 to further study the SLPP transmission of the SL positioning configuration depending on the type of configuration node and SL positioning mode (e.g., UE-based or UE-assisted), e.g., gNB, LMF, RSU/Anchor-UE, Target-UE by considering at least:
· UE-specific (via dedicated signalling) or common (via broadcast/groupcast signalling, e.g., SIB) SL positioning configurations.
· UE assistance information to assist the configuration node, e.g., gNB, LMF, UE in supporting SL positioning procedures.
Resource Allocation Mode 1 and Mode 2
Furthermore, during RAN1#109-e [5] and RAN1#110 [6], related agreement on the Mode 1 and Mode 2 resource allocation issues were made:
	RAN1#109-e Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g., IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report

RAN1#110 Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS




It should be possible to extend the current Scheme 1 and Scheme 2 resource allocation schemes in SL to configure SL PRS in all coverage scenarios, i.e., in-coverage, partial coverage and out-of-coverage. Mode 1 offers a centralized approach to configure SL PRS for in-coverage and partial coverage scenarios, while Mode 2 enables SL PRS configuration by UEs in out-of-coverage scenarios. 
According to this resource allocation mode, the gNB may configure the SL PRS resources in a centralised manner depending on the configured positioning technique. For techniques requiring relative position estimation amongst multiple pair of UEs (e.g., between an anchor node UE and target-UE), gNB-based resource coordination should be sufficient. The gNB may also coordinate SL PRS for multiple anchor node UEs when performing triangulation using timing-based methods such as SL-TDoA or angular-based position estimation, for the purposes of absolute location estimation. 
In addition, depending on the type of location request the gNB may configure one of the following:
· Dynamic grants for one shot SL positioning estimates (based on one shot SL PRS transmissions) (e.g., in the case of immediately triggered requests)
· Configured grant schemes in the case that periodic location requests are required, e.g., Type 1 and 2 CG grants (based on periodic SL PRS transmissions).

Proposal 12: RAN2 to further study Mode 1 coordination of SL PRS resources for one or more UEs participating in a SL positioning session (e.g., one or more anchor UEs and a target-UE). RAN1 input may be required.
[bookmark: _Hlk110606779]Mode 2 is beneficial for scenarios not requiring network infrastructure, where the Initiator UE (UE starting/initiating the SL positioning session) may autonomously select and reserve resource for the purposes of SL positioning. This relies on a pre-configuration of resource pools within a UE. Given the distributed nature of this scheme, Mode 2 can ensure stability of SL PRS for a given period by selecting and reserving resources for SL PRS transmission. However, this may depend on the type of SL PRS configuration (e.g., bandwidth, number of symbols, etc.).  
The resource selection triggers may be different in the case of SL PRS when compared to the existing schemes for SL data (TB) transmission, where the selection is dependent on the generation of a new TB or a pre-emption mechanism depending on the SL traffic priority. Similarly, in the case of SL Positioning, the QoS may also have an impact on the resource selection mechanism in Mode 2. The sensing window should also be able to accommodate a SL PRS transmission based on the accuracy requirements of the SL positioning service request.
Proposal 13: RAN2 to further study Mode 2 coordination of SL PRS resources for one or more UEs participating in a SL positioning session e.g., one or more anchor UEs and a target-UE) including at least:
· The use of pre-configured resources in out-of-coverage scenarios.
· Initiator UE (e.g., target UE) indicates the SL-PRS resource to other UEs involved in SL Positioning (e.g., one or more anchor UEs) over sidelink.
· NOTE: RAN1 input may be required.
SL Measurement and Reporting
SL positioning measurements can be performed by the target-UE in a similar fashion to the current Uu positioning framework. The target-UE is usually configured separately to report certain measurements based on the positioning method and can also be extended to the SL positioning framework. In the context of relative positioning, it can be expected that the SL positioning measurements may be performed either by the Initiating or Responding UEs, depending on the type of configured positioning methods, e.g., the two-way SL-RTT requires that both the Initiator and Responder UE perform the timestamp measurements for enhanced accuracy. 
It can be noted that depending on the scenario, one or multiple entities may have different responsibilities in terms of transmitting the SL positioning configuration, performing measurements, reporting (if required, e.g., UE-based methods would require optional reporting) and finally the position calculation. It can be further observed that the measurement node/entity may receive the SL-PRS transmissions and then performs the associated SL positioning measurements. 
Proposal 14: RAN2 to consider the supported signalling and procedures depending on which node/entity: 
1) Performs the SL positioning measurements and associated reporting (e.g., if needed for UE-based positioning), e.g., RSU/Anchor-UE, Target-UE.
2) Performs the SL positioning calculation e.g., gNB, LMF, RSU/Anchor-UE, Target-UE.
NOTE: This has a dependency on the SL Positioning architecture as well as positioning models (e.g., UE-assisted, UE-based) described in Section 3. 
The SL Positioning framework should also be capable of supporting different types of reporting of both SL positioning measurements and absolute/relative location estimate. Table 3 shows the various reporting types depending on the reporting configuration.
[bookmark: _Ref101255069]Table 3: Types of SL Positioning Reporting
	SL Positioning Reporting Types
	Overview

	One-shot
	· The UE/device performing measurements may report to the positioning calculation entity in a one-shot manner to support immediate reporting.
· The UE (positioning calculation) entity may report the absolute/relative location estimate to the requesting node/network entity, e.g., UE, LMF, etc.

	Triggered
	· The UE/device performing measurements may report to the positioning calculation entity based on defined event-based criteria, e.g., based on a location change/cell change.
· The UE/device performing positioning calculation may report the location estimate to the requesting entity upon trigger of a configured event.

	Periodic
	· The UE/device may provide periodic positioning measurement or location estimate reports with the same time interval between two consecutive reports.


  
Proposal 15: Support different SL Positioning reporting types including one-shot, triggered and periodic reports.
RAN1#110 has made an agreement to support measurement quality metrics. It is also important to assess the quality of the SL PRS measurements, which were performed, e.g., in the form of confidence intervals relating to a specific measurement, predefined margins of error, or other range reliability metrics. This can be applied to timing, angle, distance/ranging, direction/orientation estimates. This serves as additional assistance information for the positioning calculation entity. 
Proposal 16: From RAN2 side, measurement quality metric reporting should also be supported to assess quality of SL positioning measurements. 
Conclusion
The following observations regarding potential SL positioning solutions have been noted as part of the discussion:
Observation 1: In SL Positioning, it is important to distinguish between the configuration and positioning calculation entity depending on the coverage scenario.
Observation 2: The designed SL Positioning architecture should cater to all use cases including V2X, Public Safety, IIoT and Commercial ranging across all coverage scenario, i.e., in-coverage, partial coverage and out-of-coverage.
Observation 3: Aside from the LMF, other entities which may be involved in a SL positioning session may include RSU, gNB, target-UE, anchor-UE, other assistance UEs, positioning reference units, etc.
Observation 4: LPP offers the framework to exchange messages required to enable Uu positioning.
Observation 5: Anchor nodes with known locations such as UEs and RSUs can enable certain SL positioning techniques and in other cases improve positioning performance.
Observation 6: In Uu positioning, the LMF coordinated the transmission configuration of PRS/SRS, while for in-coverage SL UEs, the gNB is the key configuration entity.
Observation 7: Discussions on SL positioning resource pool structure are already in progress in RAN1
The proposals relating to the SL Positioning framework are summarized as follows:
Proposal 1: RAN2 to update the existing agreed Anchor UE SL positioning role as follows:
“Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE. The location of the anchor UE is known or is able to be known using Uu based positioning. One or more Anchor UEs may be used to determine the location of a Target UE using Sidelink Positioning.
· Anchor UE may assume an Assistant UE role as per the SA2 definition.
· Anchor UE may assume a SL Positioning Server UE role as per the SA2 definition.”
Proposal 2: RAN2 to update the existing agreed Target UE SL positioning role as follows:
“Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Target UE may assume a role of a SL Positioning server UE as per the SA2 definition.”

Proposal 3: RAN2 to consider the additional terminology Initiator and Responder UE(s) to further facilitate the SL Positioning discussions.

Proposal 4: Support the following 4 RAN-defined models for SL positioning, which distinguish the configuration entity and positioning calculation entity for in-coverage, and partial and out-of-coverage scenarios:
· SL Positioning Model 1a - UE-assisted positioning (network-configured)
· SL Positioning Model 1b – UE-assisted positioning (UE-configured)
· SL Positioning Model 2a – UE-based positioning (UE-configured)
· SL Positioning Model 2b - UE-based positioning (network-configured)

Proposal 5: RAN2 to further study the feasibility of both LMF-dependent and LMF-independent SL positioning architectures with inputs from SA2.

Proposal 6: RAN2 to consider the signalling features for the in-coverage SL positioning scenario according to the positioning method of interest, i.e., PC5-only positioning and hybrid Uu+PC5 positioning.

Proposal 7: RAN2 to consider the security impacts for the broadcast/groupcast of certain potential SLPP messages such as capability and assistance data messages.

Proposal 8: RAN2 to await RAN1 outcome on the study of the supported SL timing-based and angle-based RAT-dependent positioning techniques.

Proposal 9: RAN2 is suggested to investigate the procedures related to anchor UE(s) with known locations including (re)selection, triggering and configuration when performing sidelink positioning procedures.

Proposal 10: RAN2 to further study the support of hybrid positioning under the following models: 
· Hybrid Positioning Model A - Hybrid positioning using hybrid interfaces including the support of Uu and SL measurements for SL position calculation.
· Hybrid Positioning Model B - Hybrid positioning using hybrid technologies including the support of RAT-dependent and RAT-independent methods for position calculation.

Proposal 11: RAN2 to further study the SLPP transmission of the SL positioning configuration depending on the type of configuration node and SL positioning mode (e.g., UE-based or UE-assisted), e.g., gNB, LMF, RSU/Anchor-UE, Target-UE by considering at least:
· UE-specific (via dedicated signalling) or common (via broadcast/groupcast signalling, e.g., SIB) SL positioning configurations.
· UE assistance information to assist the configuration node, e.g., gNB, LMF, UE in supporting SL positioning procedures.

Proposal 12: RAN2 to further study Mode 1 coordination of SL PRS resources for one or more UEs participating in a SL positioning session (e.g., one or more anchor UEs and a target-UE). RAN1 input may be required.

Proposal 13: RAN2 to further study Mode 2 coordination of SL PRS resources for one or more UEs participating in a SL positioning session e.g., one or more anchor UEs and a target-UE) including at least:
· The use of pre-configured resources in out-of-coverage scenarios.
· Initiator UE (e.g., target UE) indicates the SL-PRS resource to other UEs involved in SL Positioning (e.g., one or more anchor UEs) over sidelink.
· NOTE: RAN1 input may be required.

Proposal 14: RAN2 to consider the supported signalling and procedures depending on which node/entity: 
1) Performs the SL positioning measurements and associated reporting (e.g., if needed for UE-based positioning), e.g., RSU/Anchor-UE, Target-UE.
2) Performs the SL positioning calculation e.g., gNB, LMF, RSU/Anchor-UE, Target-UE. 
NOTE: This has a dependency on the SL Positioning architecture as well as positioning models (e.g., UE-assisted, UE-based) described in Section 3.

Proposal 15: Support different SL Positioning reporting types including one-shot, triggered and periodic reports

Proposal 16: From RAN2 side, measurement quality metric reporting should also be supported to assess quality of SL positioning measurements.
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