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1 Introduction:
[bookmark: _Hlk110937525]In RAN #94-e, the study item on expanded and improved NR positioning [1] was approved. This study will focus on further improvement in Rel 16 and 17 positioning techniques considering the requirements from different verticals, viz. V2X, public safety (first responder), industrial IoT, etc. In the same meeting, the RAN plenary level study was concluded [4], which includes the inputs/ recommendations/ requirements from automotive groups like 5GAA and SAE that emphasize the extension of RAN-based positioning solutions over sidelink. RAN 1 started its study towards this from RAN1#109-e onwards.
This contribution provides our views on further elaboration on the enhancement areas to be considered to enable positioning over sidelink for in-coverage, partial coverage, and out-of-coverage scenarios for use cases, including V2X, public safety, and IIoT considering the agreements so far reached.
2 Sidelink Positioning Methods


In sidelink positioning, it is expected to transmit the positioning reference signal over sidelink between target UE and assisting UEs. Depending on the positioning method chosen and type of positioning viz absolute relative and ranging, it is necessary to have at least one assisting UE which will transfer and/or receive the SL PRS over the PC5 link from the target UE. Therefore, it is necessary to establish a mechanism to find the assisting UEs that will provide more accurate measurements/estimates of the position of the target UE.
Assisting UEs are a group of UEs that lie in the neighbourhood of the target UEs or are connected to target UEs and can be configured to transmit and/or receive the PRS to/from the target UE. Assisting UEs may include the anchor UE, and all the assisting UEs will share the measurements from the target UE to anchor UE for final position estimation depending on the positioning method, e.g., SL-TDOA. Wherein the anchor UE is either a master UE co-ordinating between assisting UE to position target UE or UE which expect to localize the target UE.

Observation 1: For sidelink positioning over PC5 link, it is necessary to find at least one assisting UE. Number of assisting UEs to be chosen depends on type of positioning (viz. absolute relative and ranging) and positioning method (e.g., TDOA, RTT, AOA etc) supported. 

Proposal 1: For sidelink positioning over PC5 link, a procedure should be defined for selecting assisting UE/s which will assist anchor UE in finding location of target UE.

Extending positioning over the sidelink will give rise to three deployment scenarios as follow,

i. Scenario A: In some cases, the position of the target UE is limited by its coverage; therefore, it will be difficult to find at least 3 neighboring gNBs/TRPs to perform the positioning. Similarly, it may happen that the signal strength from associated gNB is not sufficient to get the desired accuracy. In this case, the gNB must find the devices nearby the target node. The neighboring UEs can be selected based on parameters like the line of sight (LOS) link, doppler/mobility, distance from the target device, UE capability, status-busy/idle, etc. Furthermore, the location estimate of the assisting nodes must be known for absolute/relative positioning. In this scenario, the target UE and all assisting UEs, including anchor UE will be in the direct or indirect coverage of the associated gNB. 
ii. Scenario B: The target UE is out of coverage but can connect to gNB/TRP via another UE acting as a relay (Anchor UE). In such a case, the Anchor UE will act as a routing node and send the messages from the gNB/TRP node to the target node and vice versa. This can be coined as a partial coverage case.
iii. Scenario C: No network coverage scenario is the case in which neither assisting UEs, anchor UE (UE relay), nor target node will be in the coverage of any gNB. This case needs architecture changes to define the location of the positioning server (LMF) and protocol between LMF and target and/or assisting UEs.

Scenarios A, B, and C can be broadly named as the in-coverage, partial coverage, and out-of-coverage scenarios which are expected to support by sidelink positioning. In scenario A (in coverage), gNB/TRP can find the assisting UEs, whereas in scenarios B and C, anchor UE need to find the assisting UEs, or the target UE will define the list and may share it with Anchor UE. The assisting UEs should have the PC5 connection with both the anchor and target UE. In RAN1 #109-e few terminologies are defined viz Target UE, anchor UE, sidelink positioning, ranging, SL-PRS and PRS configuration. Further in RAN #110, RTT, AoA and TDOA are agreed as potential SL positioning method. These method needs additional UEs apart from the anchor UE for better positioning accuracy. Therefore, it is necessary to define the assisting UE. Further for TDOA method, it is necessary to define the reference UE as well. To eliminate the target UE clock error, estimating difference of TOA (rather than TOA alone) with respect to the reference node, at least in the SL-TDOA method, is desirable. In the Uu link, this reference node can be specified by the positioning server (LMF) to UE for the TDOA-based method. A similar reference node is necessary for the sidelink positioning. This node can be any assisting node participating in positioning the target UE, at least for absolute and relative positioning. These two definitions should be further agreed in this meeting.  

Proposal 2:  For the purpose of RAN1 discussion during this study item, at least the following terminologies are used:
	Assisting UE group: Assisting UE group is a group of UEs that lie in the neighborhood of the target UEs or are connected to target UEs and can be configured to transmit and/or receive the PRS to/from the target UE. Further, they share measurements to anchor UE or LMF.
	Reference UE: It is one of the assisting nodes participating in positioning the target UE, which is used as a reference to perform positioning measurements from other assisting UEs.

Proposal 3: In the sidelink position, for partial and out-of-coverage scenarios, the assisting UE group should be provided by either the anchor node or the target node.

Following agreements are derived regarding sidelink positioning methods in the last meeting,

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.  

Uu positioning supports multiple positioning methods broadly categorized into time-based and angle-based positioning. Both angle-based methods and time-based methods are important for sidelink absolute/relative positioning and ranging. Last meeting it is agreed to prioritise RTT, AOA and TDOA method for SL positioning.  Further details about them is discussed below.
2.a Sidelink-time difference of arrival (SL-TDOA) method:
Sidelink-time difference of arrival method (SL-TDOA) can be similar as defined over Uu link with the connection between Tx-Rx UE being sidelink, e.g., PC5 type. The target node will measure the time of arrival (TOA) from assisting UE and measure TDOA (RSTD) as the difference between TOA from assisting UE and reference UE. SL-TDOA can be adopted for the absolute positioning and relative positioning for the sidelink. This method will remove the Rx side clock synchronization error and reduce reporting overhead. The measurement quantity used for this method can be RSTD similar as defined in the Uu-based positioning.

Proposal 4: SL-TDOA should be defined for sidelink position at least for absolute and relative positioning. RSTD should be used as measurement quantity.

One necessary thing about absolute positioning is that the assisting UE node should be known with sufficient accuracy. This may not be possible in the case of moving UEs used as assisting UEs, e.g., vehicle-mounted UE and handheld UE. However, in the case of the roadside unit (RSU) used as assisting UE, the RSU location can be assumed to be known with sufficient accuracy and can be assumed to be synchronized with each other in time. Therefore, for the RSU deployment case, it will be feasible to estimate absolute positioning. SL-TDOA can be used for this purpose. Similarly, SL-TDOA can also be used for relative positioning if the reference node is either gNB/TRP or UE with the know location with sufficient accuracy, e.g., RSU. 

Observation 2: SL-TDOA method is efficient in the case at least a few node locations of assisting UEs are known.
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Figure 1: TDOA measurement using RSUs for highway and urban scenarios. It can be used for absolute and relative positioning.  For relative positioning, at least one node should be with a known location. RSU will be an ideal node for it. 
2.b Sidelink multi-round trip time (SL-M-RTT) Method
Sidelink multiple round-trip time (SL-M-RTT) method can be used for absolute positioning in case of assisting UE being RSUs or location of assisting UEs are known. Similarly, it can be used for relative positioning and distance-based ranging. Measurements needed to support SL-M-RTT is UE Rx-Tx time difference measured as the time difference between the time instance at which UE transmits SL-PRS and the time at which it receives SL-PRS from another UE, whereas SL-PRS being transmitted from Tx UE to Rx UE over PC5 link. 
Similar to the TDOA method, time synchronization error is also an issue in the M-RTT method. As V2X UEs might have synchronized to different sync sources, there might be a synchronization error between Tx and Rx UEs, and the accuracy of the estimated propagation delay will depend on this synchronization error. To avoid this, the double-sided RTT should be supported. Double-sided RTT minimizes the effect of synchronization error. In this case, the UE Rx-Tx time difference at both anchor and target UE will be measured for two successive SL-PRS transmissions and used for propagation time estimation. 

Proposal 5: SL-M-RTT should be supported for sidelink positioning at least for relative positioning and distance-based ranging. Measurement quantity for SL-M-RTT is UE Rx-Tx time difference. 

Proposal 6: Double-sided RTT should be supported to minimize the sidelink synchronization error.
2.c  Angle-based Positioning Methods:
Uu link positioning supports DL-AOD and UL-AOA as angle-based positioning. The angle-based positioning method is generally constrained by Tx and Rx antenna structure and beam forming pattern. For angle-based positioning, this will be the main restriction as there is a practical limitation on the number of antenna panels of UE. However, for V2X UE, the UE form factor is not a significant concern. Therefore, it can fit more than one panel on a different side of the vehicle.
Further, for FR2, we can accommodate more antennas on the antenna panel of the same form factor. One limitation from standardization point of view is that the beam management support over PC5 in sidelink is limited which had created negation towards this method across companies in last meeting. Therefore, we can consider on AoA based solution for SL link till the sufficient level agreements are reached in the beam enhancement work in SL link studied.  

In SL-AOA, the angle of arrival is measured at the target node. Anchor UE will transmit the SL-PRS, which will be received by the target UE over multiple antennas. The angle of arrival can be measured using the beam pattern and antenna separation distance. The granularity of the angle measured depends on the number of antenna elements at the receiver. 

Proposal 7: For SL-AOA, Angle estimated over the at least first path should be reported as measurement. Other measurements including related TOA and LOS/NLOS should be reported.
 

3 Positioning Resources
In the last meeting, further agreements regarding resource configuration are drawn, focusing on the type of resource pool for PRS and positioning control, triggering mechanism, and resource selection mechanisms. Following are the detailed agreements derived regarding sidelink positioning resource allocation in the last meeting,



Agreement
[bookmark: _Hlk112226498]A new reference signal should be introduced for supporting SL positioning/ranging.
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
Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed

It is agreed as an objective in SI to study the in-coverage, partial coverage, and out-of-coverage scenarios. Especially for the V2X use case, out-of-coverage is more important to support achieving the desired coverage and positioning accuracy. Sidelink resource allocation for PSSCH has two modes, viz Mode 1 and Mode 2, to cover these scenarios. In mode 1, the associated gNB will configure the UE with resources for PSSCH transmission. Whereas mode 2 is autonomous, UE will perform resource selection in the preconfigured resource pool in two steps. The first step is a sensing step where UE will select a few available subchannels or subchannels with less priority traffic. The second step is a selection step. It will choose the final resource for transmission in this step. Further, it will reserve chosen resources for its successive transmission or retransmissions. As per the agreement in last meeting both mode will be supported. In mode 2, resource allocation will be more involved compared to mode 1 for PRS. 
Here the assisting UEs should find their resources for PRS transmission and convey them to the positioning server (LMF). In another way, the anchor node coordinates this communication effort and will find the PRS resources and then reserve it for all assisting UE. Anchor UE will assign each assisting UE with specific PRS resource(s) for PRS transmission or reception based on the method chosen.

Proposal 8: For scheme 1, PRS resources will be configured by the network through gNB or LMF to all assisting and target UE.

Proposal 9: For scheme 2, PRS resources will be configured in the following possible way,
· Option 1: PRS resource will be provided by one of the assisting resources for all assisting UE
· Option 2: Each assisting UE will find the PRS resource individually. 

The next question we need to answer is whether this resource pool will be dedicated or shared. In last meeting, it is decided to down select between dedicated resource pool and supporting both dedicated and shared resource pool.
A shared resource pool will configure the PRS resource in the same resource pool configured for data and control transmission (PSSCH and PSCCH). However, it will limit the standardization overhead and the positioning accuracy performance. This will happen due to the limited bandwidth the PSSCH resource pool configures, a possible collision with other PSSCH transmissions, and backward compatibility with legacy V2X UEs. It is preferable to define a dedicated resource pool for positioning with a specific slot structure to overcome these.

Proposal 10: With regards to the SL Positioning resource allocation, option 1 dedicated resource pool for SL-PRS should be preferred.

Possible slot formats are shown in Figure 2. We should have first stage SCI transmitted at the beginning of the slot, indicating PRS resource location in time and frequency. It will be transmitted on the PSCCH channel. This may be an absolute location or index to one of the preconfigured resource configurations per slot. This will be helpful for UE detection autonomously the resources. It will be followed by a configurable AGC symbol and followed by remaining PRS symbols. Allocation can be per slot basis, and each slot can have more than one PRS resource configuration. GP will be provided for Tx-Rx switching. Figure 3.a) and 3.b) show possible formats for slots where the design principle is to multiplex the PSCCH, PSSCH, PSFCH, and SL-PRS resources in the slot. AGC symbol slot should be configurable based on the resource configuration's SL-PRS type and source UE. PSFCH channel, though not shown in the figures, can be used for feedback on positioning measurements. 
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Figure 3: a) Slot structure with PSCCH and PRS resources. b) Slot structure with multiplexing PSCCH, PSSCH, and PRS resources. PSCCH uses fewer RB used within symbols used for SCI transmission

Proposal 11: PRS slot configuration over dedicated resources should be defined for SL positioning. FFS is the slot structure considering PRS resource selection, number of assisting UEs, AGC, GP symbol requirements, control channel, etc.

Regarding the configuration, activation, and deactivation, multiple options are decided to study in the last meeting. For positioning configuration, a centralized approach is adopted in NR. The same approach should be adopted in sidelink positioning as well. LMF should configure the resources for all assisting and the target UE. However, based on the link condition, one of the configurations can be selected/activated using SCI. Therefore, High-layer and lower-layer signalling involvement in the SL-PRS configuration is necessary for desired flexibility in sidelink positioning. Higher layers will specify the common assistance information, set of PRS configurations, etc. Lower layers will trigger one of the configurations suitable for the sidelink/PC5 link. At least PRS configuration triggering should be supported with lower layer signalling. This signalling will be through DCI in scenario A and SCI in scenarios B and C.

Proposal 12: Regarding the configuration/activation/deactivation/triggering of SL-PRS, option 2 (High-layer and lower-layer signalling involvement in the SL-PRS configuration) should be supported.

Proposal 13: For sidelink positioning SL-PRS configuration/activation/deactivation/triggering, higher layers will specify the common assistance information, and set of PRS configurations.

Proposal 14: At least PRS configuration triggering should be supported with lower layer signalling. This signalling will be through DCI in scenario A and through SCI in scenarios B and C.

4 Positioning Reporting Methods
Once UEs receive the PRS, they are expected to perform the predefined measurement based on the method/s configured. UE can be asked to perform additional measurements supporting the main measurements required by the method chosen. For Uu positioning in Rel 17, additional TOA measurement on the additional path, path power, and LOS/NLOS indication was discussed. 
Once these measurements are performed, if UE-assisted based positioning is configured, Rx UE needs to report it back to the concerned node like LMF for position estimation. UEs can be configured to report the measured quantities to the LMF/anchor UE/assisting UE on the reporting configuration associated with one or more PRS resource configurations. The reporting can happen using the same resource pool as the SL-PRS resource or using the legacy PSSCH resource pool.  However, switching resource pools for reports may sometimes be difficult and time-consuming. Therefore, we prefer using the same resource pool to report the measurement.

Proposal 15: For the Sidelink Positioning measurement report, use a dedicated sidelink positioning resource pool configured for sidelink PRS.

Reporting can happen in a dedicated PSSCH channel, or a particular feedback channel can be designed for reporting. Both options need to be studied in this study item. A feedback channel can be designed considering PSFCH as a base for resource reservation. 

Proposal 16: Sidelink positioning measurement report should be carried over PSSCH or PSFCH. 

More than one reporting configuration can be configured to the UEs. One of them can be selected dynamically using lower layer signalling. This signalling can happen in SCI or DCI, whereas configurations can be conveyed using higher layer signalling through LMF.

Proposal 17: For sidelink Positioning measurement report configurations both the higher layer and lower layer signalling should be used.

5 Conclusion:
The contribution draws the following proposals,

Observation 1: For sidelink positioning over PC5 link, it is necessary to find at least one assisting UE. Number of assisting UEs to be chosen depends on type of positioning (viz. absolute relative and ranging) and positioning method (e.g., TDOA, RTT, AOA etc) supported. 

Observation 2: SL-TDOA method is efficient in the case at least a few node locations of assisting UEs are known.

Proposal 1: For sidelink positioning over PC5 link, a procedure should be defined for selecting assisting UE/s which will assist anchor UE in finding location of target UE.

Proposal 2:  For the purpose of RAN1 discussion during this study item, at least the following terminologies are used:
	Assisting UE group: Assisting UE group is a group of UEs that lie in the neighborhood of the target UEs or are connected to target UEs and can be configured to transmit and/or receive the PRS to/from the target UE. Further, they share measurements to anchor UE or LMF.
	Reference UE: It is one of the assisting nodes participating in positioning the target UE, which is used as a reference to perform positioning measurements from other assisting UEs.

Proposal 3: In the sidelink position, for partial and out-of-coverage scenarios, the assisting UE group should be provided by either the anchor node or the target node.

Proposal 4: SL-TDOA should be defined for sidelink position at least for absolute and relative positioning. RSTD should be used as measurement quantity.

Proposal 5: SL-M-RTT should be supported for sidelink positioning at least for relative positioning and distance-based ranging. Measurement quantity for SL-M-RTT is UE Rx-Tx time difference. 

Proposal 6: Double-sided RTT should be supported to minimize the sidelink synchronization error.

Proposal 7: For SL-AOA, Angle estimated over the at least first path should be reported as measurement. Other measurements including related TOA and LOS/NLOS should be reported.

Proposal 8: For scheme 1, PRS resources will be configured by the network through gNB or LMF to all assisting and target UE.

Proposal 9: For scheme 2, PRS resources will be configured in the following possible way,
· Option 1: PRS resource will be provided by one of the assisting resources for all assisting UE
· Option 2: Each assisting UE will find the PRS resource individually. 

Proposal 10: With regards to the SL Positioning resource allocation, option 1 dedicated resource pool for SL-PRS should be preferred.

Proposal 11: PRS slot configuration over dedicated resources should be defined for SL positioning. FFS is the slot structure considering PRS resource selection, number of assisting UEs, AGC, GP symbol requirements, control channel, etc.

Proposal 12: Regarding the configuration/activation/deactivation/triggering of SL-PRS, option 2 (High-layer and lower-layer signalling involvement in the SL-PRS configuration) should be supported.

Proposal 13: For sidelink positioning SL-PRS configuration/activation/deactivation/triggering, higher layers will specify the common assistance information, and set of PRS configurations.

Proposal 14: At least PRS configuration triggering should be supported with lower layer signalling. This signalling will be through DCI in scenario A and through SCI in scenarios B and C.

Proposal 15: For the Sidelink Positioning measurement report, use a dedicated sidelink positioning resource pool configured for sidelink PRS.

Proposal 16: Sidelink positioning measurement report should be carried over PSSCH or PSFCH. 

Proposal 17: For sidelink Positioning measurement report configurations both the higher layer and lower layer signalling should be used.
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