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In the RAN#94e WG meeting, the study item on expanded and improved NR positioning was approved and slightly revised [1]. One of the study item objectives is to evaluate potential solutions for sidelink positioning. 
	Objective:
· 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]


In this contribution, we discuss potential angle based and time based solutions for SideLink positioning.
2 Sidelink positioning reference signals design
2.1 SL-PRS design
In last meeting, companies reached a consensus that the existing PRS/SRS design and SL design framework are taken as a starting point for SL-PRS design, and agreed that the existing pattern and sequence of SL-PRS or SRS can be reused as baseline for SL positioning evaluation.
	Agreement
For SL positioning evaluation,
· The existing pattern and sequence of DL-PRS or positioning SRS can be reused as baseline for evaluation purpose.
· Companies should provide the description if other pattern and sequence are evaluated, 
· AGC settling time is considered by companies



	Agreement
Study new reference signal for SL positioning/ranging using the existing PRS/SRS design and SL design framework as a starting point.
· The study could at least include: Sequence design, frequency domain pattern, time domain pattern (e.g. number of symbols, repetitions, etc), time domain behavior, configuration/triggering/activation/de-activation of the SL-PRS, AGC time, Tx-Rx Turanround time, supportable bandwidth(s), multiplexing options with other SL channels, randomization/orthogonalization options.
· Note: The study of existing SL reference signal for SL positioning/ranging is not precluded. Companies are encouraged to perform performance evaluation/comparison to investigate whether such reference signals can meet the positioning accuracy requirements.



Notice that the hierarchical resource configurations are adopted in both DL-PRS and SRS. Take the SL-PRS as an example, one positioning frequency layer may contain multiple resource sets, and a resource set may consist of multiple resource. This design is conductive to resource allocation efficiently. Correspondingly, the parameters of PRS are hierarchical too. The parameters such as PRS subcarrier spacing and cyclic prefix are layer level, i.e., these parameters scope all resources contained in this layer. The parameters of set level such as PRS resource set ID, PRS periodicity, muting pattern, comb size, etc, effect all the resource in the resource set. The parameters of resource level indicate the resource ID as well as the parameters related to sequence generation. We emphasize that the hierarchical structure and the corresponding parameters indication method can be referenced to SL-PRS design. In addition, as for the sequence design of SL-PRS, it is recommended to select the code with good autocorrelation for better localization performance. The Zadoff-Chu (ZC) sequence can be a good choice. 
Proposal 1: The hierarchical resource structure and the corresponding parameters indication method of DL-PRS can be reference to SL-PRS design, and the Zadoff-Chu (ZC) sequence can be adopted as the sequence of SL-PRS since it is appropriate for location awareness.  

2.2 SL-PRS configuration
For the problem of SL-PRS configuration/activation/deactivation/triggering, the following agreement was achieved in the last meeting.
	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.


Option 2 is the most flexible method for SL-PRS configuration by incorporating high and low-layer signaling. Similarly, parameters for each SL-PRS resource, SL-PRS set and the dedicated SL-PRS resource (if these concepts are reused) can be configured by different high layer parameters through RRC or PC5-RRC signaling, while the time and frequency resource can be indicated by SCI/DCI. The lower layer signaling can also be used for triggering/activating transmission of SL-PRS.
Proposal 2: Support option2 for SL-PRS configuration/activation/deactivation/triggering. The indication mechanism can refer to DL-PRS.  
3 SL positioning resource allocation
There are two options for the problem of SL positioning resource allocation: a dedicated resource pool or the shared resource pool with SL communication. 
	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


Note that the location parameters estimation performance such as ranging resolution is highly dependent on the bandwidth, it is preferred to allocate a large bandwidth for PRS transmission in order to improve the accuracy. For option2, it seems unlikely to acquire a slot with all sub-channels available for positioning in a shared resource pool. Besides, the limited resource may be inadequate to provide the positioning services for a group of UEs. A dedicated resource pool for SL positioning helps to solve these problems, and is more flexible. Moreover, it could be more concise for the design of resource allocation scheme because there is no cumbersome multiplexing situations. In addition, it is expected to suffers less interference comes from other channel transmission, which is beneficial for positioning. 
Proposal 3: With regards to the SL positioning resource allocation, we prefer a dedicated resource pool for SL-PRS for the consideration of the performance of location awareness.
4 Positioning signaling discussion
4.1 Positioning measurement report
With regards to the sidelink positioning measurement report, the agreement of 109e-meeting is as follows
	Agreement
With regards to the Sidelink Positioning measurement report,
· Study the contents of the measurement report  (e.g. time stamp(s), quality metric(s), ID(s), angular/timing/power measurements, etc)
· Study the time domain behavior of the measurement report (e.g. one-shot, triggered, aperiodic, semi-persistent, periodic)
· FFS whether the Sidelink Positioning measurement can be a high-layer report and/or a lower layer report.


We prefer the time domain behavior of which to be semi-persistent and triggered since localization information is not a constant requirement. When the information is requested by UE/LMF/etc, the measurement can be reported periodic or aperiodic. This behavior helps to save the signaling overhead and is capable of adapting to numerous positioning requirements.
As for the contents of the measurement report, it is suggested to refers to the transferred messages defined in TS 38.305, which specifies the information to be transferred between LMF and UE/gNB for various positioning solutions. The contents of every solution can be immigrated to SL positioning with some changes to the transferred entities.
Proposal 4: We prefer the time domain behavior of the Sidelink positioning measurement report to be semi-persistent and triggered. the contents of the measurement report can refer to the messages transferred in existed solutions with some changes on the transferred entities. 
5 Conclusion
In this contribution, we discuss some potential solutions for Sidelink positioning especially for the design of SL-PRS. Accordingly, the following proposals were made:
Proposal 1: The hierarchical resource structure and the corresponding parameters indication method of DL-PRS can be reference to SL-PRS design, and the Zadoff-Chu (ZC) sequence can be adopted as the sequence of SL-PRS since it is appropriate for location awareness.
Proposal 2: We Support option2 for SL-PRS configuration/activation/deactivation/triggering. The indication mechanism can refer to DL-PRS.  
Proposal 3: With regards to the SL positioning resource allocation, we prefer a dedicated resource pool for SL-PRS for the consideration of the performance of location awareness.
Proposal 4: We prefer the time domain behavior of the Sidelink positioning measurement report to be semi-persistent and triggered. the contents of the measurement report can refer to the messages transferred in existed solutions with some changes on the transferred entities. 
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