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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94e the SID for “Study and improved NR positioning” was approved [RP-213588]. The first objective of the SI is to:
“Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the use cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g., TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g., configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network-based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.”
In this contribution, we focus on the potential solutions for SL positioning. 

Terminology
The following definitions were agreed in RAN1#109-e, and they will be used in our discussions and proposals for this AI.
Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.
· Sidelink positioning reference signal (SL PRS): reference signal transmitted over SL for positioning purposes.
· SL PRS (pre-)configuration: (pre-)configured parameters of SL PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity. 
· Continue discussion on additional terminology clarification(s) such as: Initiator UE, Responder UE, Sidelink Positioning group, reference UE, etc, including whether such terminology is needed within RAN1 discussion. 

Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· 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

We note that not all SL UEs are expected to support positioning functionality, for instance a legacy SL UE will not necessarily support it. Even if positioning is supported, not all SL UEs are expected to be anchor nodes, or the anchor functionality may be disabled. Anchor selection is a first step in positioning methods; thus, a target SL UE must know which surrounding SL UEs support the anchor feature and whether the feature is enabled at that time. Therefore, an anchor SL UE must be capable to indicate to the target SL UEs that it can provide anchor functionality. 
Proposal 1: Identify and study mechanisms for an anchor SL UE to inform other SL UEs whether it supports positioning anchor functionalities.

The capability signaling exchange of SL UE features between the target SL UE and an anchor SL UE may be used for anchor node indication.  Another way is to use S-SSB as general indication that the SL UE can be an anchor SL UE or via a request/response protocol (RRC). 
Synchronization source accuracy is fundamental for positioning procedures. SL UE may use for synchronization reference signals from GNSS, gNB or a S-SSB received from another UE (SyncRef UE), which itself may be synchronized to either a GNSS source or a gNB source [TS 38.331]. SyncRef UE has a priority associated, which is based on its source of synchronization and is encoded in SLSS ID and IIC indicator. The SL synchronization source is selected based on its priority, which leads to a hierarchy of the synchronization sources.  
Similar or based on the synchronization source hierarchy, a hierarchy of anchor UEs may be considered.



Methods for location determinations
The RAT-dependent methods for positioning as defined in Rel 16 and Rel 17 [TR38.855, TS 38.305] are based on reference signal (RS) exchanges between the anchor nodes (gNB) and target nodes (UE).  In the last RAN1 meeting (RAN1#109-e), companies achieved the following agreements:
Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.
Power control mechanism is based on the pathloss estimation between target and anchor node. At this time there is no mechanism defined for sidelink to estimate the pathloss of the PC5 link. Such mechanism would require upper layers to provision lower layer with the transmitted power of the received signal (for instance S-SSB). Moreover, at this time was not decided if the SL-PRS transmission takes place in a dedicated resource pool or in shared resource pool. A power control procedure would be beneficial only when there are multiple SL-PRS transmissions that could add to the interference background. For V2X applications, if dedicated resource pools are used for SL-PRS the interference is reduced given that SL-PRS repetition are shifted in frequency, and time. Given potential specs changes necessary to implement power control, we suggest deprioritizing this feature at this time.
Proposal 2: Deprioritize SL-PRS power control discussion until SL-PRS design is agreed. 

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.

We note that the basic information necessary for position determination is the estimation of distance between target and anchor nodes, or the directions of received SL-PRS from the target nodes or a combination of these.  The same basic information may be used to estimate either the absolute positioning or the relative positioning or ranging, thus a categorization (separation) of methods for absolute and relative positioning seems unnecessary.
Observation 1: A categorization of which method is applicable to absolute or relative positioning or ranging is not necessary.
For sidelink positioning scenarios, at least one positioning reference signal is provided via sidelink (PC5), therefore a SL UE may be required to combine and measure sidelink PRS and DL PRS and transmit sidelink PRS and UL PRS. In the RAN1#109-e meeting most companies supported the study of hybrid positioning methods wherein one or more of the UE(s) perform SL measurements and UE position/ranging is estimated using measurements derived on both SL and Uu positioning.
Proposal 3: For position determination SL UE should support the aggregation of DL PRS resources with SL positioning resources. 

SL Positioning configuration and triggering
Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots 
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.

We note that Option 2, which allows both upper- and lower-layer involvement in signaling is the most flexible. Lower layer involvement is especially necessary in OOC cases, when one of nodes, for instance target node, may coordinate with other nodes, for instance anchor nodes. 
Observation 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration (Option 2) offers a more flexible solution that can cope with in coverage and out of coverage scenarios of SL positioning.
Upper layer involvement is particularly useful when gNB or LMF configures SL UE positioning for UEs participating in sidelink positioning. Thus, the serving gNB or LMF is able to control and configure the SL-PRS UE transmissions in its coverage to minimize interference and maximize capacity. 
Proposal 4: SL-PRS configuration for SL positioning should be controlled by gNB/LMF when SL UEs are in coverage or partial coverage.

SL positioning resource allocation and SL-PRS slot design
The following agreement for the resource allocation was reached in 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


[image: ]
Figure 1, Dedicated and shared resource pools
Figure 1 shows examples of dedicated and shared resource pools. In a dedicated resource pool, the SL-PRS are transmitted are not multiplexed with other transmissions (data or control). A dedicated resource pool for SL-PRS offers the advantage of controlling and separating the resources used for SL positioning. This approach would allow a simpler solution for co-existence with legacy devices that do not support SL positioning. A dedicated resource pool for SL-PRS requires the presence of gNB/LMF and an estimation of the necessary resources that are required for SL positioning. A dedicated resource pool is particularly useful when the positioning functionality is critical, for instance V2X, and the latency of positioning signaling must be low. Because the SL UE may concurrently participate in communication and positioning, a dedicated BWP for SL PRS is not a good solution, as it may lead to situation when a UE needs to transmit in the communication BWP and to receive in the positioning BWP at the same time. We also note that so far there is no support for sidelink BWP switching, which would require additional design. Thus, a single BWP for communication and positioning is preferable.
Proposal 5: A dedicated frequency allocation (layer/BWP) for SL PRS is not necessary.
A dedicated resource pool, which requires and estimation of SL-PRS traffic, however, is less efficient or not necessary when the SL traffic is relatively low or irregular, and the SL positioning is only sporadically used, for instance in commercial applications. In these scenarios a shared pool with sidelink communication would be preferable.
[bookmark: _Hlk110864223]Proposal 6: For SL-PRS transmission support both dedicated and shared resources-based solutions.
One of the RAN1 agreements requires further studies on the SL-PRS slot design (AGC and RX-TX turnaround).
Agreement
For a potential new SL PRS, study further the following
· Number of symbol(s) for AGC and/or Rx-Tx turnaround time
· Conditions under which AGC training and/or Rx-Tx turnaround time are needed

SL transmissions are slot oriented. Typical SL slots transmissions are presented in Figure 2 and Figure 3 [TBD]
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Figure 2, PSSCH single slot transmission

[image: ]Possible SL-PRS symbols

Figure 3, PSSCH and PSFCH multiplexing in the same slot

When a shared resource pool is considered, the multiplexing of SL-PRS and other channels is possible. When SL-PRS transmission is in a unicast PSSCH transmission (like CSI-RS transmission) as in Figure 2, there is no need of additional AGC or TX-RX turnaround between data/control and the SL-PRS symbols. If SL-PRS transmission via PSFCH is considered, for instance as response to a SL-PRS request a guard symbol and a AGC symbol may be necessary as in Figure 3.
Observation 3: When multiplexing SL-PRS with other SL channels additional AGC and/or TX-RX turnaround time may not be necessary if SL-PRS is transmitted in PSSCH channel.
For a shared resource pool approach, we note that in double-sided RTT based ranging and positioning, the responding UE or the anchor UE needs to send the SL PRS in response to the SL PRS transmitted from the ranging request UE or the target UE within a certain time gap.
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Figure 4, multi-RTT 

Each UE can transmit SL-PRS slots, which requires that each UE allocates SL-PRS resources independently (in different slots) and compete (in Mode 2) with other UEs for resources. 
Another possibility is that instead of sending SL-PRS via independent resource allocations procedures at target and anchor nodes, the responding UE or the anchor UE sends the SL-PRS (SL-PRS in Figure 4) using PSFCH channel resources corresponding to the initial SL-PRS (SL-PRS 1 in Figure 4). Since SL-PRS 1 is sent over PSSCH, the PSSCH-to-PSFCH timing can be used to determine time delay between the first and second SL-PRS transmissions. Such an approach may be suitable for one shot SL-PRS used in double-sided RTT method.
Proposal 7: For two-way (double sided) RTT shared pool resource-based solution, study under what conditions the PSFCH channel resources may be used for SL-PRS transmission.
The following agreement identifies two schemes for SL-PRS resource allocation.
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., like 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

In Scheme 2 of the above agreement, it is expected that a UE participating in the sidelink positioning, for instance target UE, will allocate resources for SL-PRS. However, prior to the resource allocation the discovery of the potential anchor UEs is necessary.  The target UEs may be considered based on various criteria, such as signal strength or type of synchronization source.
Proposal 8: Study the anchor node selection procedure, for instance based on signal strength, type of synchronization, location (zone ID) etc. 

Once the potential anchor UEs are identified, the target UE may start the positioning procedure. The start of positioning procedure, for instance for multi-RTT procedure, may be triggered by a request of SL-PRS transmissions sent from the target node to anchor nodes. 
Proposal 9: Identify and study triggering mechanism, if necessary, for Mode 2 SL positioning, which may be applicable regardless of the network coverage.
One option for the protocol carrying the SL positioning signaling is to build on the existing SL design and to extend the existing protocols with minimal specifications impact. The Inter UE Coordination (IUC) feature, defined in Rel 17 [4], is a good candidate that may be considered and can be extended to support the SL positioning solutions for the OOC scenarios. IUC offers the necessary framework to request and respond for the measurements and location information, to configure and trigger the necessary signaling, and to coordinate the transmissions of the anchor nodes.  
In IUC scheme 1, UE-B may trigger the coordination by sending an explicit request to UE-A which will provide coordination information, preferred resource set or non-preferred resource set, to UE-B for UE-B’s resource selection. Coordination may also be triggered by a condition at UE-A. When the condition is met, UE-A generates and sends coordination information to UE-B.
Positioning protocol at higher layers is based on LPP (LTE Positioning Protocol) TS 36.355, which involves an exchange of request and response messages (capabilities, assistance data, location information) between a target device and a location server, where each of them can be the requester or the responder. At the PHY layer, this exchange from higher layers translates into requests and responses for capability information, SL-PRS sequence transmissions, SL-PRS reports and coordinates information.
There are situations in SL positioning when the anchor UE should be able to trigger the SL positioning process, which initiates the transmission of SL Pos-RS and necessary information exchange. For instance, a RSU (roadside unit) that acts as an anchor node may request a target UE’s position, thus triggering the positioning procedure. 
In other scenarios, which may the most common case, a target UE in need to find its own coordinates requests assistance from the available anchor nodes.
Proposal 10: Consider reusing or extending the IUC framework to support either target UE or anchor UE requests to trigger the SL positioning procedure at PHY layer.
For some scenarios, a UE may perform positioning regularly or when some conditions are met. Therefore, an anchor UE or the target UE may transmit the SL PRS triggered by a condition rather by a request. This approach extends the IUC procedure. Examples of such conditions may be the age of last position, the signal strength from anchor nodes, the anchor node position accuracy, the channel conditions (LOS/NLOS) between target and anchor nodes.
[bookmark: _Hlk100935270]Proposal 11: Consider reusing or extending the IUC framework to support condition-based trigger of the SL positioning procedure.

Conclusions
Proposal 1: Identify and study mechanisms for an anchor SL UE to inform other SL UEs whether it supports positioning anchor functionalities.
Proposal 2: Deprioritize SL-PRS power control discussion until SL-PRS design is agreed. 
Observation 1: A categorization of which method is applicable to absolute or relative positioning or ranging is not necessary.
Proposal 3: For position determination SL UE should support the aggregation of DL PRS resources with SL positioning resources. 
Observation 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration (Option 2) offers a more flexible solution that can cope with in coverage and out of coverage scenarios of SL positioning.
Proposal 4: SL-PRS configuration for SL positioning should be controlled by gNB/LMF when SL UEs are in coverage or partial coverage.
Proposal 5: A dedicated frequency allocation (layer/BWP) for SL PRS is not necessary.
Proposal 6: For SL-PRS transmission support both dedicated and shared resources-based solutions.
Observation 3: When multiplexing SL-PRS with other SL channels additional AGC and/or TX-RX turnaround time may not be necessary if SL-PRS is transmitted in PSSCH channel.
Proposal 7: For two-way (double sided) RTT shared pool resource-based solution, study under what conditions the PSFCH channel resources may be used for SL-PRS transmission.
Proposal 8: Study the anchor node selection procedure, for instance based on signal strength, type of synchronization, location (zone ID) etc. 
Proposal 9: Identify and study triggering mechanism, if necessary, for Mode 2 SL positioning, which may be applicable regardless of the network coverage.
Proposal 10: Consider reusing or extending the IUC framework to support either target UE or anchor UE requests to trigger the SL positioning procedure at PHY layer.
Proposal 11: Consider reusing or extending the IUC framework to support condition-based trigger of the SL positioning procedure.
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