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1 Introduction

A new release-18 work item on Expanded and Improved NR positioning was approved at RANP#98e meeting in December 2022 [1]. The result from the study item was captured in TR 38.859 ]2].
For Sidelink positioning the following objectives were agreed.

	
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].






At RAN2#121 meeting [3], the following agreements were made:

PC5-U is used for transport of SLPP.

With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1. Triggering event
2. Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light.  The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.

RAN2 do not intend to discuss assistant UE functionality in Rel-18.
To be indicated in the LS to SA2 in discussion [409].

Direct ranging between two UEs with the server providing assistance to both sides is not precluded.

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


In this contribution, we discuss our view on Sidelink positioning reference signal resource allocation. 

2 Discussion on Sidelink positioning 

The aspects on configuration, activation/deactivation/triggering of SL-PRS were studied and concluded in [2]. A UE supporting SL-PRS needs to be aware of the SL-PRS configuration, including, for example, the SL-PRS resources, SL-PRS parameters (comb-type, etc), and also possible set of SL-PRS resources that the UE can use. These parameters may require relatively large packet size and expected to not be changed frequently. Hence, they can be conveyed via RRC message. 

Unlike the configuration, the activation/deactivation of the selected SL-PRS configuration typically requires a small packet size and preferably be conveyed to the UE in a quick manner. This information can be conveyed via lower layer signalling, such as SL-MAC-CE, DCI. Alternatively, it can also be carried by SCI, in case the TX-SL-UE convey the information to RX-SL-UE.

Proposal 1: Support high-layer and lower-layer signalling involvement in the SL-PRS configuration

According to TR 38.859 [2], there are two possible scenarios on the operation of sidelink positioning. The operation scenario 1 is the UE positioning purely utilizing sidelink (PC5) and Operation Scenario 2: Combination of Uu and PC5-based positioning”.

Resource allocation for reference signals from Direct-link and Sidelink to estimate UE position using hybrid positioning method where the positioning measurement of direct link (base-station(s) and target UE) and sidelink link (anchor UE and target UE) can be combined needs to be allocated and configured, and there needs to be some sort of time alignment between the Direct-link and Sidelink reference signals. Hence, the positioning estimation is based on certain positioning measurement time (occasion (s)). 

To facilitate the positioning measurement, the allocation resources for positioning needs to be arranged both for sidelink and for Uu interface, see figure 3.

This could e.g. be done according allocated in two different frequency allocations either during the same tome instance or separate in time .
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Figure 3, a and b


[bookmark: _Ref123138454]Figure 3:shows alternative Reference signal allocation for direct link and sidelink positioning. Direct-link PRS resource and sidelink PRS resource are in 3a): at the same time instant but in different frequency resource.  In 3b) at different time instant and in different frequency resource. 

Proposal 2: Introduce support for resource allocation for combined Uu and PC5 based positioning either allocated in two different frequency allocation or interleaved within the same frequency allocation (

In V2X positioning or any other sidelink positioning use-cases, a UE may need to determine the distance to surrounding UEs. For example, a moving vehicle needs to determine whether there are surrounding VRUs (Vulnerable Road User ) and the relative distance to those VRUs. The determination operation should be performed in a quick manner. Hence, in case one or more VRUs are detected to be very close, the moving vehicle and/or VRUs can perform the necessary action to avoid potential collision. The determination of surrounding UEs (VRUs) can be facilitated by allowing concurrent transmission of SL-PRS from multiple UEs. For example, multiple VRU(s) can transmit “SL-PRS” concurrently and/or within the same set of resources. The transmitted SL-PRS can be received by moving vehicle(s), other VRU(s), or RSU(s). The concurrent/simultaneous transmission of “SL-PRS” can be arranged by allowing multiplexing of SL-RS from multiple UEs within a given set of resources (e.g., time-division multiplexing (TDM), frequency-division multiplexing (FDM), and/or Code-division Multiplexing (CDM))
Proposal 3: Consider supporting multiplexing of sidelink positioning reference signal from several UEs within a given set of resources.

RAN1 is discussing SL PRS resource allocation in detail, and we foresee some RAN2 impact related to signalling and configuration, measurement reporting etc.

Observation 1: Wait RAN1 discussion on further details on PRS resource allocation.

Generally, the SL-PRS transmission and reception would result in a good positioning measurement in a way that the positioning estimation can be accurately obtained. However, due to the nature of radio propagation, a good positioning measurement result may not always be the result. Due to limited transmit power, limited bandwidth transmission, blocking / obstacle between both UEs, long distance between UEs are among the factors affecting potentially a less good positioning measurement. The positioning estimation based on bad positioning measurement would result in inaccurate positioning estimation. 
 
It would be beneficial for the SL-Tx-UE to know whether the SL-Rx-UE can obtain a good positioning measurement result or not, at least to be aware of the received quality of the PRS. By knowing this information, the SL-Tx-UE can perform necessary action, such as retransmission of SL-PRS. In order for the SL-Tx-UE to know this information, there should be a feedback mechanism between SL-Rx-UE and SL-Tx-UE. This can be facilitated by supporting PSFCH-like channel but for positioning purpose. 
 
Proposal 4: Support a dedicated resource pool to include PSFCH-like channel to be used for positioning purpose


3 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observation and proposals are listed below:

Proposal 1: Support high-layer and lower-layer signalling involvement in the SL-PRS configuration

Proposal 2: Introduce support for resource allocation for combined Uu and PC5 based positioning either allocated in two different frequency allocation or interleaved within the same frequency allocation 

Proposal 3: Consider supporting multiplexing of sidelink positioning reference signal from several UEs within a given set of resources.

Observation 1: Wait RAN1 discussion on PRS resource allocation.

Proposal 4: Support a dedicated resource pool to include PSFCH-like channel to be used for positioning purpose
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