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Introduction
RAN plenary meeting 98-e approved a new work item to address NR positioning including sidelink positioning related objectives [1]. This contribution discusses some open questions and tries to address some subjects for further studies from RAN1 meetings. The focus is on automotive applications and resource allocation for Side Link (SL) Positioning Reference Signal (PRS). 
	· 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.



The purpose of this contribution is to recap some positioning requirements from the automotive application point of view [2][3] and propose to resolve some open issues from the feature lead summary such that the positioning requirements can be met.
Discussion on Resource Allocation for SL Positioning Reference Signal
Summary of V2X requirements for sidelink positioning
3GPP TR 38.845 [5] summarizes V2X positioning requirements, such as absolute and relative positioning accuracy, confidence level, positioning service latency, etc. from multiple sources. One important requirement from the automotive application point of view is positioning service latency defined as a value range from 10 msec to 1 sec as highlighted in yellow color below. With highway speeds, the end-to-end latency should be in the order of 10 msec rather than 1 sec to ensure that the vehicle can acquire its position until it has moved more than 1 meter. In real-life scenarios, vehicle speeds may also vary a lot for the same service area, e.g., vehicles can traverse at different speeds on multiple lanes along highways and they can rapidly stop and accelerate in dense urban environments, and therefore also other values within the range can be useful.
	It is observed that the positioning requirements in V2X depend on the service the UE operates. Also, the requirements are applicable to relative and absolute positioning depending on the use case or the positioning service level. In terms of the horizontal or lateral/longitudinal accuracy, the requirements for the absolute position or relative position can be categorised into three sets as follows by incorporating the requirements from the sources mentioned above:
-	Set 1: 10 – 50 m with 68 – 95 % confidence level. This includes Group 1 in [5] and Service level 1 in [3].
-	Set 2: 1 – 3 m with 95 – 99 % confidence level. This includes Group 2 in [5], Service level 2, 3, 4 in [3].
-	Set 3: 0.1 – 0.5 m with 95 – 99 % confidence level. This includes Group 3 in [5], Service level 5, 6, 7 in [3], the requirements in [4].
It is noted that all the three sets are applicable for absolute positioning and relative positioning.
Requirements for other performance metrics are also defined in a range depending on the positioning service level in TS 22.261 [3]; 2 – 3 m (absolute) or 0.2 m (relative) vertical accuracy, 95 – 99.9% positioning service availability, 10 ms – 1 s positioning service latency.
Positioning service should be provided in indoor, outdoor, tunnel areas. The UE velocity up to 250 km/h needs to be supported for outdoor and tunnel areas. As long as the UE operates a V2X use case having the corresponding positioning requirements, the requirements should be fulfilled when the UE is inside the network coverage as well as when it is outside the network coverage. The requirements should be also fulfilled when the GNSS-based positioning is not available or not accurate enough.



Another essential requirement from the automotive application point of view is resource efficiency because precise sidelink positioning requires a large amount of bandwidth, while the radio resources are limited, particularly in congested scenarios. Therefore, techniques are needed to efficiently use radio resources, while ensuring required positioning accuracy, range, latency, reliability, etc. [2][3].
This contribution proposes to resolve remaining issues in such a way that these requirements can be met.
[bookmark: _Toc134876704]Proposal 1: Resolve remaining open issues such that 10 msec – 1 sec positioning service latency requirements can be met, and resource-efficient solutions can be supported.
Latency
RAN1#112-bis meeting discussed signaling aspects for SL-PRS triggering and it was agreed to support SL-PRS triggering by UE’s own higher layers. It was however left as a working assumption whether the UE-A can request UE-B to transmit SL-PRS via lower-layer signaling sent by UE-A. 
	Agreement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS



[bookmark: _Toc131784237]
The main reason for proposing lower-layer signaling is latency improvements. However, the working assumption turned out to be controversial because some companies did not see any benefits. One articulated counterargument to lower-layer signaling is that the decision is anyway taken at a higher layer and therefore lower-layer signaling is not expected to introduce any latency benefits due to delays from higher layers. The purpose of this discussion is to clarify that there is no difference between decisions taken at higher layers and lower layers, i.e., decisions on the higher layer are not by any means slower than those of lower layers.
It should be noted that the protocol stack is merely an abstract model to facilitate the standardization of interfaces. It does not, as such, impose any implementation requirements on where and how decisions must be made, and the layers do not have any specified decision-making delays. It means that decisions that are taken by equipment can be carried out in the same hardware, e.g., in the same processor, regardless of what protocol entity or layer they are associated with.
[bookmark: _Toc134876700]Observation 1: Higher-layer decisions can be issued as quickly as lower-layer decisions.
It is true that higher signaling, i.e., not decisions, are sometimes slower than lower-layer signaling but the difference comes from the way how the signaling is designed and not from the fact that decisions are made on a higher layer. For example, Radio Resource Control (RRC) signaling is typically slower than the physical layer or Medium Access Control (MAC) layer signaling when an RRC message, such as a Reconfiguration message, traverses through multiple non-transparent protocol entities where each layer adds protocol unit headers, identifiers and padding for octet-alignment, and protocol units may be queueing for reordering and duplicate detection at the receiving side, and delayed due to retransmissions at the transmitting side.
There are however multiple examples of higher-layer signaling that is fast because they are based on transparent protocol entities. For example, paging indications come from the core network and paging messages are built in the RRC layer, but the paging messages traverse through transparent protocol entities which means that the protocol stack does not create any delays. This is also the case for all system information broadcast messages including the master information block. Similarly, random access messages are passed to higher layers for connection setup decisions through transparent protocol entities without any higher layer associated delays.
In other words, the fact that a decision is taken by the UE’s own higher layer does not per-definition impose any decision-making delays compared to decisions at a lower layer, whereas lower-layer signaling mechanisms can generally avoid signaling delays and introduce latency benefits compared to higher-layer signaling.
[bookmark: _Toc134876701]Observation 2: The fact that a decision is taken by the UE’s own higher layer does not per-definition impose any decision-making delays compared to decisions at a lower layer, whereas lower-layer signaling mechanisms can generally avoid signaling delays and introduce latency benefits compared to higher-layer signaling.
Another counterargument for lower-layer signaling is that the latency benefits are marginal for Round Trip Time (RTT) based positioning methods because the round-trip time is anyway going to be very long and hence improvements in terms of milliseconds should not make very much difference. There can certainly be differences between different implementations and the improvements may further depend on the design of RTT-based SL positioning - which is yet to be finalized - but the standpoint of this contribution is that the criteria for a technical decision should be latency requirements rather than any limitations of today’s implementations. It can be argued that any improvement in terms of milliseconds or tens of milliseconds is expected to be useful because the positioning service latency requirement is defined from 10 msec to 1 sec, and the lower values are the most relevant values for real-life applications. It is therefore proposed to focus on the positioning service latency requirements in the evaluation of latency gains.
[bookmark: _Toc134876705]Proposal 2: Positioning service latency requirements are used in the evaluation of latency improvement impacts instead of estimates of possible round-trip time values in worst-case scenarios.
During the previous meeting, the down-selection of lower-layer signaling was left as a subject for further study due to the introduction of a working assumption. So far it has not been found any differences with respect to latency whether the signaling is based on SCI, MAC-CE, or SL-PRS because none of these mechanisms require higher-layer messages traversing through the whole protocol stack and multiple non-transparent layers. It is therefore proposed that the down-selection can be taken based on other reasons than latency improvements.
[bookmark: _Toc134876702]Observation 3: Lower-layer signaling based on SCI, MAC-CE, and SL-PRS have very similar performance with respect to latency.
[bookmark: _Toc134876706]Proposal 3: Down-select between SCI, MAC-CE, and SL-PRS as lower-layer signaling.
[bookmark: _Toc131765081][bookmark: _Toc134876707]Proposal 4: Confirm the working assumption that the UE-A can request UE-B to transmit SL-PRS via lower-layer signaling sent by UE-A.

RAN1#112bis-e also discussed the possibility for a UE to reserve a SL-PRS resource for the transmission of another UE. One of the supportive arguments is latency improvements. The main principle is that the initiator of the SL positioning would allocate resources for both transmission and reception of SL-PRS for the sake of lower latency as explained e.g., in [6]. The following was captured in the feature lead summary [4] but so far not agreed in the working group.

	[HIGH] Feature Lead Proposal 3.5.5-v1
For scheme 2, 
· Alt. 1: support that a UE can reserve a SL-PRS resource for the transmission of another UE.
· FFS: details regarding the conditions and signaling mechanism
· Alt. 2: Do not support that a UE reserves a SL-PRS resource for the transmission of another UE.



Considering the importance of strict latency requirements for automotive applications, it is proposed to support the resource allocation concept where a UE can reserve an SL-PRS for the transmission of another UE. It is also realized that this is a resource allocation mechanism that has not been used in earlier Releases of SL communications and therefore there may be a non-negligible impact on the workload. It means that the proposal should be considered given that it is deemed realistic that the workload permits such an improvement in this Release.
[bookmark: _Toc134876708]Proposal 5: Support that a UE can reserve an SL-PRS resource for the transmission of another UE.
In addition, the possibility to make use of inter-UE coordination messages for SL positioning surfaced during the RAN1#112bis-e discussions. The main advantage of inter-UE coordination is conflict avoidance and resolution, which are expected to be beneficial with respect to latency, reliability, and positioning accuracy. The following was captured in the feature lead summary [4] but so far not agreed in the working group.

	[HIGH] Feature Lead Proposal 3.5.4-v3
For Scheme 2, 
· Alt. 1: support inter-UE coordination signaling for SL-PRS at least for shared resource pool
· Both Rel-17 Scheme 1 and 2  IUC are used as a starting point
· Note: For the dedicated resource pool, decide the support of IUC, by RAN1 #113 meeting
· Alt. 2: deprioritize it for this release



There is currently majority support for introduction of IUC schemes for shared resource pools and SL positioning because the IUC mechanism is already available in the existing SL communication and therefore it should not be difficult to introduce it for shared resource pools [4]. However, company views are very different for dedicated resource pools since there are concerns regarding standardization and implementation efforts. Therefore, some companies have proposed to deprioritize IUC in Release 18. Even though standardization and implementation efforts are important aspects, this contribution argues that decisions should be based on the use case and deployments, and long-term impacts should be considered. 
It can be argued that the most common use case for SL positioning may be dedicated resource pools rather than shared resource pools and therefore it is more useful to support IUC for dedicated pools than for shared pools. It is also possible to envision scenarios where shared resource pools are not always used for SL PRS transfer at all. 
If IUC is de-prioritized now and possibly introduced in a later Release, there may be deployments where only a fraction of vehicles support IUC. It should be emphasized that vehicles’ life cycle- unlike that of smartphones, tablets, and other end-user equipment - is typically 10+ years. It means that equipment that is deployed without IUC stays on the field for at least a decade.
Therefore, the viewpoint of this contribution is that IUC should be introduced in Release 18, and it should be supported for dedicated resource pools.
[bookmark: _Toc134876709]Proposal 6: Support inter-UE coordination signaling also for the dedicated resource pool.
Resource efficiency
Apart from latency, it is desirable that the radio interface is designed in such a way that it can support efficient SL resource allocation. For the SL-PRS multiplexing within the shared resource pool, RAN1#112bis-e meeting agreed on the following:
	Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS




There are several multiplexing alternatives to be down-selected from associated PSCCH and PSSCH scheduled by the PSCCH included in the same slot. The focus of this discussion is on the multiplexing of PSSCH and SL-PRS and to compare two alternatives where either only TDMing is supported or FDMing of PSCCH and SL-PRS is supported.
TDM is simple to implement, but it is inflexible and inefficient in the sense that symbols containing PSSCH cannot be used for SL-PRS. The problem is that the PSSCH resources are fixed and cannot be used efficiently if there is nothing to send on PSSCH (e.g., SL-SCH). 
FDM provides better granularity for multiplexing, and therefore it allows more flexible multiplexing than TDM and allows for more efficient multiplexing because it can accommodate varying bandwidth requirements and traffic variations.
[bookmark: _Toc134876703]Observation 4: FDMing provides higher flexibility for multiplexing of PSSCH and SL-PRS and allows efficient multiplexing than TDMing only.
[bookmark: _Toc134876710]Proposal 7: Support FDMing of PSSCH and SL-PRS (Alt. A.2).
Conclusion
The observations and proposals of this contribution are summarized as follows:
Observation 1: Higher-layer decisions can be issued as quickly as lower-layer decisions.
Observation 2: The fact that a decision is taken by the UE’s own higher layer does not per-definition impose any decision-making delays compared to decisions at a lower layer, whereas lower-layer signaling mechanisms can generally avoid signaling delays and introduce latency benefits compared to higher-layer signaling.
Observation 3: Lower-layer signaling based on SCI, MAC-CE, and SL-PRS have very similar performance with respect to latency.
Observation 4: FDMing provides higher flexibility for multiplexing of PSSCH and SL-PRS and allows efficient multiplexing than TDMing only.

Proposal 1: Resolve remaining open issues such that 10 msec – 1 sec positioning service latency requirements can be met, and resource-efficient solutions can be supported.
Proposal 2: Positioning service latency requirements are used in the evaluation of latency improvement impacts instead of estimates of possible round-trip time values in worst-case scenarios.
Proposal 3: Down-select between SCI, MAC-CE, and SL-PRS as lower-layer signaling.
Proposal 4: Confirm the working assumption that the UE-A can request UE-B to transmit SL-PRS via lower-layer signaling sent by UE-A.
Proposal 5: Support that a UE can reserve an SL-PRS resource for the transmission of another UE.
Proposal 6: Support inter-UE coordination signaling also for the dedicated resource pool.
Proposal 7: Support FDMing of PSSCH and SL-PRS (Alt. A.2).

Reference
[1] [bookmark: _Ref131678192]RP-233549, “New WID on Expanded and Improved NR Positioning”, RAN#98-e, Dec. 2022.
[2] [bookmark: _Ref134625099]R1-2204094, “Discussion on V2X use cases, scenarios, and requirements for sidelink positioning”, Toyota InfoTechnology Center, RAN1#109-e, May 2022.
[3] [bookmark: _Ref134691233]R1-2206066, “Discussion on requirements for sidelink positioning”, Toyota InfoTechnology Center, RAN1#110, August 2022.
[4] [bookmark: _Ref134638934]R1-2304233, “Moderator Summary #4 on resource allocation for SL PRS”, Moderator (Qualcomm), RAN1#112bis-e, April 2023.
[5] [bookmark: _Ref131678176][bookmark: _Ref99983236]3GPP TR 38.845 V17.0.0, “Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases,” September 2021.
[6] [bookmark: _Ref134638713]R1-2302328, “Discussion on resource allocation for SL PRS”, Futurewei, RAN1#112bis-e, April 2023.
[7] [bookmark: _Ref134714342]3GPP TR 38.859, “Study on expanded and improved NR positioning”, December 2022.
