[bookmark: _Ref452454252]3GPP TSG RAN WG2 Meeting #124               	R2-2312836
Chicago, USA, 13th – 17th of November 2023
Agenda Item: 	7.2.2 
Source:		Sony
[bookmark: Title]Title:			Considerations on multiplexing, congestion control and ARP. 
[bookmark: DocumentFor]Document for:	Discussion & Decision
1 Introduction

At RAN#101, an updated WID was agreed related to sidelink positioning [1], 


	
· 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 unicast session-based signalling and procedures to facilitate support of SL positioning for single target UE (it is not precluded to apply the procedures to multiple target UEs but no signaling optimizations will be considered for this case) [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 a single LMF for in coverage scenario only, including joint PC5-Uu scenarios. 
· NOTE: Assumes all involved UEs are served by same LMF.
· For SL-TDOA, RAN2 will not work on procedures for synchronization of the anchor UEs. RAN2 can discuss and implement agreed RAN1 parameters related to synchronization.
· 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#123 [2], the following agreements were made: 


Agreement:
RAN2 to apply terms of “UE-only Operation” and “Network-based Operation” defined in TS 23.586 by SA2 for SLPP procedures.


Agreements:
Delivery by an IC UE to the LMF via SLPP of information received from an OOC UE via SLPP (UE2 => UE1 => LMF), and the reverse operation LMF => UE1 => UE2, are needed at least for partial coverage scenarios.
FFS if this involves single or separate SLPP sessions (LMF ó UE1 and UE1 ó UE2).
FFS if the same functionality is needed for IC scenarios (depending on whether the LMF communicates with each UE or always through the target).
RAN2 see risk to completion of sidelink positioning with the current scope.


Agreement:
FFS which (if any) additional parameters can be included (as optional or mandatory) in the metadata in the discovery message for anchor and server UE selection; it should be based on technical requirements for the fields and how they will be used.

Sidelink Positioning MAC issues:

Agreements:
Define 8 priority levels for SL-PRS priority, same as the number of priority levels for SL-SCH. Send a LS to RAN1 and SA2 on RAN2 agreement with the understanding that the SL-PRS priority levels are mapped from sidelink positioning/ranging QoS. (14/14)
The SL-PRS priority can be provided by the UE’s own high layer when it triggers the SL-PRS transmission. (14/14) The following issues are open and can be raised in the LS for RAN1 input:
	Whether the UE’s higher layer can provide SL-PRS priority for the SL-PRS triggered by peer UE
	Whether the peer UE triggers the SL-PRS transmission can provide the SL-PRS priority
When aperiodic/one-shot SL-PRS transmission is triggered for UE configured with Scheme 1 SL-PRS resource allocation, at least for the case when LMF is not involved in giving the grant, design a new MAC CE for the UE to send to the gNB for SL-PRS resource request. (12/14) FFS when LMF is involved.
At least when periodic SL-PRS transmission is triggered for UE configured with Scheme 1 SL-PRS resource allocation, at least for the case when LMF is not involved in giving the grant, the UE sends an RRC message to the gNB for providing the assistance information for CG configuration. (13/14) FFS when the LMF is involved.
Support CBR measurement on both shared and dedicated resource pool for SL-PRS transmission. (14/14)

RAN1 has conclude their part of the work item and made number of agreements related to resource management [3].

At RAN2#123bis [4] a number of agreements were agreed related to Sidelink positioning, but no discussions related to topics listed below.
In this contribution, we discuss our view on Sidelink positioning reference signal resource allocation in respect to multiplexing, congestion control and APR Location information. 

2 Discussion on multiplexing, congestion control and ARP location information
2.1 Multiplexing

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)).

In the RAN1#114 meeting some agreements were made to support multiplexing [3]. 
RAN2 should define the detailed configuration to support multiplexing of sidelink positioning reference signal from several UEs within a given set of resources.

Proposal 1: Consider supporting the RAN1 agreement on multiplexing of sidelink positioning reference signal from several UEs within a given set of resources by defining the detailed configuration.

In order to support either TDM or FDM schemes, it is necessary for the resource scheduler to be aware of the capability of the UE. For example, some Rx UEs may have difficulty achieving an optimal performance when using FDM due to the hardware limitation. Therefore, TDM becomes a preferred solution for these types of UEs. 

To address this issue, it is beneficial to have a separate UE’s capability report transmitted to the gNB. This report would provide information about the UE's capabilities on processing TDMed SL-PRS and FDMed SL-PRS, allowing the gNB to configure FDMed or TDMed resources for SL-PRS transmission accordingly. By doing so, the gNB can optimize the resource allocation for each UE, improving overall system performance.

Proposal 2: Introduce a UE capability on the processing TDM SL PRS and FDM SL PRS in dedicated resource pool, 

2.2 Congestion control

Agreements related to congestion control were made in RAN1#114 meeting, [3], but no one related to UE type, or geographical area.

In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority. Several options were identified in RAN1#113 meeting (e.g., transmission power, periodicity, etc). In addition to those options, we could also consider UE types and zone area. For example, an RSU UE can be allowed / reserved to transmit SL-PRS in certain SL-PRS resources. Furthermore, only certain UE(s) are allowed to transmit in specific zone/area.

Proposal 3: For congestion control of SL-PRS transmission support the SL-PRS transmission restriction based on UE-type and/or zone/geographical location.

2.3 ARP location information
For positioning measurements, the Antenna Reference Point (ARP) location information may be relevant for accurate positioning in some scenarios, like devices with distributed antennas.

RAN1 has discussed ARP and made some agreements [3], listed below:

Agreement
For provision of the ARP location information in assistance data for sidelink positioning, support the following:
- The ARP location information can be a position relative to a ‘reference point’.
Note: RAN1 will not define “reference point”. The “reference point” definition can be up to other WGs

Agreement
For location calculation, the ARP ID of SL PRS transmission can be informed to another UE or LMF by Tx UE informing the association between ARP ID and the already transmitted SL PRS resource(s) as assistance data.


RAN2 should consider these agreements and define “reference point” and relevant parameters and the type of assistance data signaling to be used.

Proposal 4: RAN2 should consider these agreements and determine the definition of “reference point” and relevant parameters and the type of assistance data signaling to be used.

For large size objects such as vehicles, or other objects substantially larger than a legacy UE, the location of the vehicles as a single position may not be sufficient, but also e.g., the front or backs of the car may be relevant in order to estimate the accurate distance to the boundary of the vehicle. By using multiple antenna panels distributed over the chassis of the vehicle, not only the boundary of the vehicle, but also the potential distance to different parts of the vehicle and its orientation can be estimated and envisaged.

Proposal 5: RAN2 should further discuss the deployment and usage of multiple antenna panels mounted in different places on the vehicle. 

Apart from the provision of ARP location information, it is worth considering the UE capability on simultaneous transmissions or receptions of SL-PRSs at different ARPs as this capability may impact on how gNB allocate resources efficiently for UEs. For instance, in a scenario where a Tx UE is capable of simultaneous transmission at ARPs, a gNB can configure two distinct coherent SL-PRS resources, FDMed at different frequency bands, for different ARPs. The advantage of this setup is very clear: that these two SL-PRSs can be transmitted exactly at the same time. This would not only be to reduce the latency but also ensures that the UE’s movement does not affect the positioning accuracy. 
On the contrary, in case where UEs lack this capability, gNB may need to configure sequential SL-PRSs transmissions, which means two SL-PRSs are transmitted at different time to different ARPs.

Proposal 6: RAN2 should consider the UE capability of simultaneous transmissions or receptions at different ARPs at the same UE.

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: Consider supporting multiplexing of sidelink positioning reference signal from several UEs within a given set of resources by defining the detailed configuration.

Proposal 2: Introduce a UE capability on the processing TDM SL PRS and FDM SL PRS in dedicated resource pool, 

Proposal 3: For congestion control of SL-PRS transmission support the SL-PRS transmission restriction based on UE-type and/or zone/geographical location.

Proposal 4: RAN2 should consider these agreements and determine the definition of “reference point” and relevant parameters and the type of assistance data signaling to be used.

Proposal 5: RAN2 should further discuss the deployment and usage of multiple antenna panels mounted in different places on the vehicle.

Proposal 6: RAN2 should consider the UE capability of simultaneous transmissions or receptions at different ARPs at the same UE.

4 [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref167612671]RP-232670, Revised WID on Expanded and Improved NR Positioning
[2] Minutes RAN2#123
[3] Draft minutes Report RAN1#114_v020
[4] R2-2311275, Report from session on positioning and sidelink relay

