[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #110  	          	     		R1-2205855
August 22 – August 26, 2022
_____________________________________________________________________Agenda item: 9.5.1.3
Source: LG Electronics
Title: 	Discussion on potential solutions for SL positioning
Document for: Discussion and decision
1. Introduction
The following agreements on the potential solutions for SL positioning were made in RAN1 #109-e meeting.
	Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.
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Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
· SL-AoA
· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
· SL-TDOA
· SL-AoD
· Corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu. 
· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.  
· Note: When the study of carrier phase positioning and the evaluations of sidelink positioning have progressed, it can be reviewed whether carrier phase for sidelink can be considered in further work. Checkpoint at RAN1#110-e-Bis to see if sufficient information is available for this review.
· Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.

Agreement
With regards to the numerologies of the SL-PRS, limit the study to those supported for NR Sidelink. 
· Note 1: NR Sidelink supports {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2
· Note 2: This doesn’t imply that SL-PRS FR2-specific optimization(s) are expected to be studied

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.

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.

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.

Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.
· Sidelink positioning reference signal (SL PRS): reference signal transmitted over SL for positioning purposes.
· SL PRS (pre-)configuration: (pre-)configured parameters of SL PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity. 
· Continue discussion on additional terminology clarification(s) such as: Initiator UE, Responder UE, Sidelink Positioning group, reference UE, etc, including whether such terminology is needed within RAN1 discussion. 
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Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE

[bookmark: _Hlk104074592]Agreement
With regards to the frequency domain pattern, study further a Comb-N SL-PRS design. Study at least the following aspects:
· N>=1 (where N=1 corresponds to full RE mapping pattern)
· Fully staggered SL-PRS pattern (e.g., M symbols of SL-PRS with comb-N with M=N and, at each symbol a different RE offset is used), Partially staggered SL-PRS pattern (e.g., M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used), Unstaggered SL-PRS patterns (e.g., M symbol(s) of SL-PRS with comb- N, at each symbol a same RE offset is used, N > 1)
· The number of symbols of SL-PRS within a slot
· Any relation to the comb-N option
· RE offset pattern repetitions within a slot
· FFS: Other frequency domain pattern(s)


Agreement
For a potential new SL PRS, study further the following
· Number of symbol(s) for AGC and/or Rx-Tx turnaround time
· Conditions under which AGC training and/or Rx-Tx turnaround time are needed

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

Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· 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
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report



In this contribution, we discuss the potential technical solutions to meet the requirements for SL positioning.
2. SL positioning procedure
In the conventional positioning based on Uu link, LMF initiates the positioning procedure to measure the target UE’s location. LMF indicates gNB and UEs to participate in the positioning by transmitting and/or receiving the relevant PRS. All the procedures are done through a higher layer signaling called LPP message. However in SL positioning, there could no connection with LMF especially in out-of-network-coverage area. So a positioning procedure different from the conventional one is required for SL positioning. Considering a unified solution for SL positioning procedure regardless of the network coverage area, it make sense that a positioning procedure not based on LPP is desirable for SL positioning.
In SL positioning, UE should be able to initiate the SL positioning procedure instead of LMF in the conventional Uu link positioning, and it should be supported regardless of the network-coverage scenario. The UE initiating the SL positioning of a target UE could be the target UE itself or any other UE that is interested in the location of the target UE. Of course, depending on the use case, LMF or gNB can initiate the SL positioning procedure to get the location of the target UE in the network-coverage area.
Proposal 1: It is supported that UE initiates the SL positioning procedure, which includes the SL positioning group formation and SL PRS configuration.
Proposal 2: It is supported that LMF/gNB initiates the SL positioning procedure, which includes SL positioning group configuration and SL PRS configuration.
When a UE initiates the SL positioning procedure, the first step is to find the anchor UEs to assist the target UE’s SL positioning. If SL TDOA or multi-RTT is performed, a group of UEs including a target UE will participate in SL positioning. If a single RTT is performed, both a target UE and an anchor UE participate in SL positioning. SL PRS are transmitted and received within the SL positioning group for the target UE’s positioning. This is a kind of a group for SL positioning, which may have a common group ID for SL positioning. We can define this group as a SL positioning group in SL positioning procedure.
To find a UE that can participate in a SL positioning group as a starting step of the SL positioning procedure, an initiating UE can send a ‘join request’ message to the UEs around the initiating UE. Based on the status and situation of the UE that received the join request message from the initiating UE, the UE can decide whether or not to join the SL positioning group, and respond by sending a ‘join accept’ message to the initiating UE. The procedure above is not a new thing, but, for example, the mechanism of direct communication request/accept (DCR/DCA) in V2X communication can be reused. DCR message may indicate the request is relevant to a specific SL positioning method (e.g. SL TDOA or RTT), and a UE may respond depending on its interest on the SL positioning service.
As UEs are moving along the road in e.g. V2X use cases, once SL positioning group is formed, the member UEs of the SL positioning group can change over time. A new UE can join and the member UE can leave the SL positioning group depending on UE’s mobility. Or an initiating UE can release the SL positioning group after the SL positioning procedure is completed. All these aspect in details are for further study.
Proposal 3: SL positioning group is comprised of a target UE and anchor UE(s). SL PRS is transmitted and received within the SL positioning group.
· Further studies are needed on which UE can initiate or join the SL positioning group, how to generate and accept the join request, how to leave or release the SL positioning group, etc.
Considering the SL positioning services, SL channel resource utilization, and UE power consumption, we can define the types of SL PRS transmission. First of all, to guarantee a certain degree of positioning accuracy, a semi-persistent SL PRS transmission can be supported. Depending on the positioning accuracy requirement, the periodicity and the length of the SL PRS transmission can be (pre-)configured. It may not be feasible to support a periodic SL PRS transmission, considering the high congestion level and unnecessary occupation of SL resources by the periodic SL PRS transmission.
Second, a dynamic transmission of SL PRS may be supported. Different from the pre-scheduled semi-persistent SL PRS transmission, SL positioning can be dynamically triggered in unexpected instant by some condition. In this case, to meet the relevant latency requirement of the SL positioning service, SL PRS needs to be dynamically transmitted instead of waiting for the next periodic transmission time. The term ‘dynamic’ may include the ‘on-demand’ transmission of PRS in Uu link positioning, as UE can initiate the SL positioning.
Proposal 4: At least the following types of SL PRS transmission are supported for SL positioning.
· Semi-persistent SL PRS transmission
· Dynamic SL PRS transmission
In Uu link positioning, one the positioning service is triggered, the several higher layer messages are transmitted and received between UE and LMF before the PRS transmission. First the UE capability request and provide messages are transferred, then the associated assistance data request and provide messages are transferred. After these steps are completed, the PRS transmission is started. The problem is that all these messages are higher layer messages, so the whole process above requires non-negligible latency before PRS transmission. This is not desirable for SL positioning since a short latency e.g. for collision avoidance in V2X use cases is one of the key requirements.
Observation 1: The higher layer-only signaling for SL PRS configuration requires more latency than the lower layer signaling, which may not be desirable for low latency requirement in SL positioning.
To solve the latency issue of transferring the higher layer messages, the static part of the SL PRS configuration and the allowed set of SL PRS resource informations can be (pre-)configured in a resource pool for SL PRS transmission. For example, SL PRS bandwidth can be (pre-)configured per resource pool. And whether or not the SL PRS retransmission and the multiple SL PRS configurations are allowed can be (pre-)configured. Regarding the information about the SL PRS resources, the allowed set of the resource timings, periodicity/offset, comb pattern and the number of symbols of SL PRS can be (pre-)configured in a resource pool. The specific value of the parameter within the allowed set can be selected by a network or UE, based on the SL positioning QoS requirement and the channel condition for example.
Proposal 5: SL PRS configuration is (pre-)configured per SL PRS resource pool, which includes at least the following fields. Other fields of SL PRS configuration is dynamically signaled by a PHY layer signaling to minimize the signaling latency.
· SL PRS bandwidth
· Set of allowed SL PRS resource informations
· Resource timing
· Periodicity and offset
· Comb pattern
· Number of symbols
· etc.
· whether the SL PRS retransmission is allowed
· whether the multiple SL PRS configurations are allowed
Considering that there could be various types of QoS requirement of SL positioning services of the different UEs, it may be beneficial in SL resource utilization if the multiple SL PRS configurations are supported in a resource pool. For example, if a UE is triggered by a SL positioning service that requires a longer distance, the UE can choose the SL PRS configuration of a larger comb size and the larger number of symbols for SL PRS. Whereas if a UE is triggered by a SL positioning service that requires a very short latency, the UE can choose the SL PRS configuration of a single symbol SL PRS with a small comb size. Without configuring multiple resource pools, each pool for each SL PRS configuration, a single resource pool can be shared between those different SL PRS configurations. Allowing the multiple SL PRS configurations may require a smarter resource allocation schemes to avoid the resource collision between different comb patterns of the SL PRS resources.
Proposal 6: It needs to be studied whether the multiple SL PRS configurations can be allowed in a SL PRS resource pool.
In RAN1#109-e meeting, it was agreed that the double-side RTT would be studied further to mitigate a possible clock frequency offset between UEs. By combining the different directions of two round-trip SL PRS transmissions, the double-side RTT seems to make the round-trip delay estimation insensitive to the clock frequency offset between UEs.
The possible issue of double-side RTT for SL positioning is the fixed order of SL PRS transmissions (e.g. UE-A to UE-B, then UE-B to UE-A followed by again UE-A to UE-B). This fixed order makes the SL PRS resource allocation inflexible from the resource utilization point of view. Especially when UE determines the SL resources for SL PRS transmission, such an order may reduce the possible combinations of the available resources and enlarge the latency due to inflexible resource selection. Instead, more flexible order can be used to remove the issues discussed above.
For example, the only rule to be satisfied can be the asymmetric number of SL PRS transmissions between UEs. Either UE-A or UE-B can send two SL PRSs while the other sends only one SL PRS. The order of the SL PRS transmissions are not fixed, so the SL PRS resources can be selected more flexibly considering the SL transmission channel status and the delay requirement. This flexible way of SL PRS transmission for double-side RTT should keep the benefit of insensitivity to the clock offset, which is provided by the original double-side RTT. More information on the modified double-side RTT can be found in our companion proposal [1].
Proposal 7: It needs to be studied whether the order of SL PRS in double-side RTT can be changed for more flexible use of SL PRS resources and possibly shortened latency.
When SL PRS resources for double-side RTT are selected based on UE sensing, the information about the timing of the SL PRS resources needs to be reported for proper calculation of the round-trip time. If SL PRS resource set and SL PRS resource are supported, each associated ID of the selected SL PRS resource set and SL PRS resource for double-side RTT can be included with the measurement report. If SL PRS resource repetition is supported and all the repeated SL PRS resources are associated to the same ID, then the index of the SL PRS resource repetition needs also to be reported to provide the exact timing of the SL PRS resource for double-side RTT.
Proposal 8: For double-side RTT, the information about the unique positioning of the measured SL PRS resource (e.g. SL PRS resource (set) ID combined with SL PRS resource repetition index) can be included in the measurement report.
Another issue in SL positioning is related to the use of multi-panel antenna. In V2X use case, it was reported that the use of the multiple panels mounted on different locations of a vehicle significantly improves the SL communication performance, by getting the diversity gain through the multiple panels [1-3]. If a multi-panel antenna is mounted on a vehicle, the positioning should be performed for each antenna panel so that the exact vehicle position can be accurately calculated based on the location estimation of all the antenna panels. If the vehicle position is estimated assuming co-located antenna as in the conventional Uu link positioning, the positioning accuracy will be degraded.
Observation 2: At least in V2X use case, a vehicle can use multiple panels to get the TX/RX diversity gain. To meet the high positioning accuracy, each panel location needs to be estimated separately.
Proposal 9: SL positioning supports per-panel location measurement if UE uses multiple panels.
3. PHY layer architecture for SL positioning
There were discussions in RAN1#109-e meeting on the resource pool for SL positioning. The first option is to use a dedicated resource pool for SL positioning, and the second option is to share a resource pool for SL positioning with SL communication. Because the bandwidth requirements for the SL communication and SL PRS transmission are different from each other, sharing a resource pool for both purpose may not be feasible. If the resource pool bandwidth is determined for SL PRS transmission, the most of the SL resources may be wasted in SL communication. If the resource pool bandwidth is determined for SL communication, the positioning accuracy may not be satisfied due to insufficient bandwidth for SL PRS transmission. Therefore, it is more practical and beneficial to use a dedicated resource pool at least for SL PRS transmission.
Proposal 10: A dedicated resource pool is used for SL PRS transmission to provide the sufficient bandwidth for SL positioning accuracy requirement.
Except the SL PRS resource, all the other signals or channels for SL positioning are not relevant to the positioning accuracy requirement. Those signals or channels may include the SL procedure initiation message, the control channel associated with SL PRS, the measurement report, and the SL PRS retransmission request in case of no reception or insufficient reception quality of SL PRS. The above signals or channels can be transmitted separately from the resource pool for SL PRS transmission. They can be transmitted based on the existing SL communication method.
One issue is whether or not a shared resource pool for SL communication is used for transmission of the above signals and channels for SL positioning. If a shared resource pool is used, there could be some impact on the SL resources for SL communication and possibly the compatibility issue with the legacy V2X devices using the resource pool. If a separate resource pool is used for transmission of the above signals and channels for SL positioning, maybe the format or the content of the PSCCH and PSSCH can be modified to be used for SL positioning purpose.
Proposal 11: Other signals/channels associated with SL PRS (e.g. the control channel, the measurement report, etc.) are transmitted in a resource pool different from the one for SL PRS transmission.
· Further study is needed whether the resource pool can be shared with the one for SL communication.
If the control channel associated with the SL PRS is transmitted in the resource pool shared with the SL communication, the backward compatible way of transmission is an important issue. A new 2nd SCI format is the most appropriate solution to be used for a control channel for SL PRS. In this case, a 2nd SCI format indicator in the 1st SCI indicates that the associated 2nd SCI carries the control information about the SL PRS resources, which is transmitted in the dedicated resource pool for SL PRS transmission.
Another possibility may be to use MAC CE for the control channel associate with SL PRS. This could be considered when the payload size of the control channel is relatively large. But the part of SL PRS configuration can be (pre-)configured in a resource pool as discussed above, the remaining amount of SL PRS configuration will not be that problematic to be carried by the 2nd SCI.
Proposal 12: New 2nd SCI format is introduced for a control channel associated with SL PRS.
There are two possibilities of the container for the measurement report in SL positioning. The first option is PC5-RRC, which requires a unicast connection between UEs. PC5-RRC is beneficial in secure connection, and can provide a large payload size for the measurement report. In SL positioning group, the measurement report of the anchor UEs can be transmitted to the target UE through the unicast communication.
The second option is MAC-CE, which has a benefit that it can be used for both unicast and groupcast connection. MAC-CE can also provide a sufficient amount of payload for the measurement report. One issue of using MAC-CE is that it may have some issues with the secure communication between UEs. As the location information belongs to the private information, PC5-RRC seems to be more appropriate container for the measurement report.
Proposal 13: Measurement report between UEs is transmitted by the existing higher layer signaling (e.g. PC5-RRC or MAC CE).
In the existing Uu link positioning, LMF and gNB schedules every PRS transmission and the related resources, thus every transmission and reception can be guaranteed by the scheduling. In SL positioning where the SL PRS resources are selected by UE based on sensing, it is possible that a certain SL PRS transmission is not possible in case of e.g. half duplex case, or SL PRS reception may not be possible due to the prioritization in the RX UE side. Another possibility is that the received SL PRS cannot meet a certain condition from SL positioning QoS requirement point of view. In this case, it might be helpful for RX UE send a kind of feedback to TX UE, so that TX UE retransmits the SL PRS to complete the SL positioning. It is beneficial also for efficient utilization of the resources from TX UE side. For example, in SL RTT, TX UE transmits SL PRS#1 to RX UE, and waits for RX UE to transmit SL PRS#2 as a response. Assume that RX UE successfully decoded the associated control channel but fail to receive the SL PRS#1 due to the reasons discussed above. In this case, RX UE cannot send SL PRS#2 as it didn’t receive SL PRS#1, and TX UE will wait until it receives SL PRS#2 from RX UE. This kind of bottleneck can be solved if such kind of feedback is sent from RX UE to TX UE.
Another method that could be useful is to reserve the resources for the peer UE’s expected transmission. In SL RTT positioning as an example, when UE selects SL PRS resources#1 for its SL PRS transmission, UE also selects the SL PRS resource#2 for the peer UE’s SL PRS transmission as a response. Then, UE sends the SL PRS resource#2 reservation information when UE transmits the SL PRS through the associated SL PRS control channel, e.g. SCI. In this case, the SL PRS control channel associated to the SL PRS resource#2 may not be necessary because UE already knows the resource reservation information.
It can be also applied to SL TDOA positioning. When UE transmits SL PRS, UE can reserve the resources for the relevant measurement report, and indicate it to the peer-UE. All those kind of reservation information of the peer UE’s transmission can be indicated by UE when it initiates SL positioning and transmits the request to join the relevant SL positioning group.
Observation 3: It is beneficial for efficient use of SL PRS resources and UE power saving if RX UE confirms the reception or the quality of the received SL PRS.
Proposal 14: If RX UE fails to receive SL PRS or the quality of the received SL PRS does not meet the requirement, RX UE sends SL PRS retransmission request so that TX UE retransmits the previous SL PRS.
As a UE can transmit or receive the SL PRS in a slot, AGC time and TX/RX switching time duration are needed at the beginning and the end of the SL PRS slot respectively. The slot structure for SL communication can be reused as much as possible for the structure of the slot dedicated for SL PRS transmission. The first symbol of the SL PRS slot is used for AGC time duration, and the last symbol of the SL PRS slot is used for TX/RX switching gap duration.
Proposal 15: SL PRS slot is comprised of the following symbols, similar to the SL communication slot.
· AGC symbol at the beginning of the slot
· SL PRS symbols in the middle of the slot
· TX/RX switching gap symbol at the end of the slot
How to fill the AGC symbol needs further study. In SL communication, the first symbol in a slot is simply the copy of the second symbol. In a slot dedicated for SL PRS transmission, SL PRS is transmitted based on the comb size and pattern. Given a comb size, the RE offset of each symbol is carefully designed to provide a kind of ‘scalability’ in e.g. DL PRS. To keep such a pattern, one possible solution to fill the AGC symbol is to copy the last comb pattern of the SL PRS. As a result, the comb pattern is kept as ‘cyclically shifted’, and still provides the continuity of the ‘scalability’ of the comb pattern. The same rule can be applied to the TX/RX switching gap if a short time duration is sufficient depending on the SCS of the SL PRS symbol.
Proposal 16: Further study is needed how to construct the AGC symbol and the TX/RX switching gap symbol.
In a slot dedicated for SL PRS transmission, both the transmission and the reception of the SL PRS can be time-multiplexed. In this case, the SL PRS needs to be configured with a small number of symbols, so that the multiple SL PRS resources can be time-multiplexed in a slot. The transmitted SL PRS and the received SL PRS can be used for the different SL positioning schemes respectively, or for the same SL positioning scheme such as RTT. This kind of multiplexing of the first and the second SL PRS in a single slot is beneficial especially for a very-low-latency SL positioning service.
One issue of time-multiplexing the multiple SL PRSs in a slot is the TX/RX switching between the transmission and the reception of SL PRS. Similar to the case of PSFCH transmission in SL communication, it may be necessary to add the additional AGC symbol and TX/RX switching gap symbol between the symbols for SL PRS transmission and reception. Details of the insertion are for further study.
Proposal 17: If SL PRS slot includes SL PRSs for TX and RX, additional AGC symbol and TX/RX switching gap symbol are inserted between the SL PRSs for TX and RX.
4. SL PRS design
There are two reference signals defined in Rel.17 NR positioning for Uu link – DL PRS and SRS for positioning. DL PRS is used for DL TDOA, and SRS for positioning is used for UL TDOA. For RTT, both DL PRS and SRS for positioning are used. The above Uu link positioning methods can still be used for SL positioning as discussed above. As a consequence, there seems no special needs to define a new PRS sequence for SL positioning only. Instead, DL PRS and SRS for positioning can be reused as much as possible for SL positioning. Depending on the use cases, some parameters can be optimized for SL positioning. As there is only one radio link in SL positioning, one of the two PRS sequences can be used for SL positioning.
Observation 4: The existing PRS sequences can be reused as much as possible to reduce the receiver complexity and compatibility with Uu link positioning.
Proposal 18: Either NR DL PRS sequence or SRS sequence for positioning is the starting point for SL PRS sequence design.
In Rel.17 positioning, the possible comb sizes of DL PRS and SRS for positioning are {2, 4, 6, 12} and {2, 4, 8} respectively. Considering that there is no multiplexing of SL PRS and other channels/signals in a slot, and that the multiplexing of the multiple SL PRS resources is possible, there could be some restriction in comb size and the number of symbols for SL PRS for resource utilization. For example, if the number of SL PRS symbols equals 8, among 12 symbols except AGC and TX/RX switching gap symbol, only 8 symbols are used and the remaining 4 symbols are not used. To avoid this kind of the waste of the SL resources, further study is needed on the possible comb sizes and the number of symbols for SL PRS, depending on the CP length and the insertion of the additional AGC and TX/RX switching gap symbol. 
One possible solution for the normal CP case without the insertion of the additional AGC and TX/RX switching gap symbol is to take the divisor of 12 for the number of symbols for SL PRS. When the insertion of the additional AGC and TX/RX switching gap symbol are inserted, the number of available symbols for SL PRS becomes 10, so the number of symbols for SL PRS can be one of the divisors of 10. Then, the resultant possible number of symbols for SL PRS for the normal CP case will be {1, 2, 4, 5, 6, 10, 12}. We can easily apply the same concept to the extended CP case, and the possible number of symbols for SL PRS will be {1, 2, 4, 5, 8, 10}.
Proposal 19: The possible comb size and the number of symbols of {1, 2, 4, 5, 6, 10, 12} for the normal CP case and {1, 2, 4, 5, 8, 10} for the extended CP case can be considered for SL PRS configuration.

5. Resource allocation for SL positioning
After SL positioning initiation, LMF or gNB can schedule the resources for SL PRS transmission. Similar to mode-1 resource allocation in SL communication, two allocation methods are possible. In one method, UE requests to LMF or gNB a configuration of semi-persistent resources so that UE can transmit a series of SL PRS without additional request per transmission. It corresponds to the configured grant in SL communication, and is appropriate for periodic and semi-persistent SL PRS transmission. In other method, UE requests a resource every time when it needs to transmit SL PRS. Then, LMF or gNB schedules a dynamic resource for SL PRS transmission. It corresponds to the dynamic grant in SL communication, and is appropriate for aperiodic and on-demand SL PRS transmission.
Proposal 20: It is supported that the network schedules the SL PRS resources.
When LMF or network allocates the SL PRS resources to UE, DCI includes at least the following fields for SL PRS resources. 
· Resource pool index for SL PRS transmission
· SL PRS resource information
· Resource timing
· Periodicity and offset
· Comb pattern
· Number of symbols
· etc.
The value of each parameter is selected within the allowed set of values (pre-)configured in a resource pool. If the multiple SL PRS configurations are allowed in a resource pool, the SL PRS configuration index can be included. This issue needs further study.
Proposal 21: When LMF or allocates the SL PRS resources to UE, DCI indicates at least the resource pool index and SL PRS resource information.
· Further study is needed whether SL PRS configuration index is also indicated.
After SL positioning initiation, UE can select the resources for SL PRS transmission based on sensing. Similar to mode-2 resource allocation in SL communication, two types of resources can be selected. In one method, UE can select semi-persistent resources so that UE can transmit the periodic SL PRSs through the reserved resources. It is appropriate for periodic and semi-persistent SL PRS transmission. In other method, UE selects a resource every time when it needs to transmit SL PRS. It is appropriate for aperiodic and on-demand SL PRS transmission. For the above operation, the sensing-based resource selection procedure defined in SL communication can be reused as much as possible. The resource exclusion based on sensing with RSRP threshold, and resource re-evaluation or pre-emption checking may also be used for SL positioning.
If only a single SL PRS configuration is (pre-)configured in a resource pool, the SL PRS resource selection based on sensing is quite straightforward. UE can select the SL PRS resources among the candidate resources that are not reserved for other UE’s transmission. If multiple SL PRS configurations are allowed in a resource pool and UE may select or be configured to use one of those SL PRS configurations, the resource selection based on sensing could be more complex. For example, two methods are possible for this operation. In one method, UE first determines the SL PRS resource configuration, and then performs sensing for SL PRS resource selection. In the other method, UE first monitors the candidate resources based on sensing, and then determines the SL PRS resources that would cause the least interference to other UE’s transmission. The latter method may be more complex, but it provides more efficient way of the resource utilization for SL PRS transmission.
One issue of the SL PRS resource selection based on sensing is that there should be a time gap between two SL PRS transmissions in SL RTT positioning, or between the SL PRS transmission and the relevant measurement report. Such a time gap is certainly necessary for UE processing time for receiving and calculate the required measurement. When UE selects the resources in these cases, UE should select the resources that are sufficiently distant with each other by the time gap, for example.
Proposal 22: It is supported that UE selects the SL PRS resources based on sensing.
When UE selects the SL PRS resources based on sensing, in addition to the field indicated by DCI when a network allocates the SL PRS resources, the source/destination ID of the SL PRS TX and RX UE needs to be included. SCI can also include the flag to indicate whether the retransmission request is applied for the SL PRS. As a result, the associated control channel (SCI) includes at least the following fields for SL PRS resources.
· Source/destination ID
· Resource pool index for SL PRS transmission
· SL PRS resource information
· Resource timing
· Periodicity/offset
· Comb pattern
· Number of symbols
· etc.
· Retransmission request flag
The value of each parameter is selected within the allowed set of values (pre-)configured in a resource pool. If the multiple SL PRS configurations are allowed in a resource pool, the SL PRS configuration index can be included. This issue needs further study.
Proposal 23: When UE selects the SL PRS resources based on sensing, the 2nd SCI indicates at least the source/destination ID and retransmission request flag in addition to the resource pool index and SL PRS resource information.
· Further study is needed whether SL PRS configuration index is also indicated.
When UE selects the SL PRS resources based on sensing, the mode-2 resource selection procedure for SL communication can be reused for the SL PRS resource selection procedure for SL positioning. After the SL PRS resource selection is triggered, UE selects the SL PRS resources within the resource selection window based on sensing over the sensing window. Based on the SL PRS resource reservation information indicated by other UE’s SCI and the relevant RSRP measurement values, the conflicting SL PRS resources are excluded and the remaining candidate SL PRS resources are reported for the final SL PRS resource selection.
Proposal 24: The mode-2 resource allocation procedure of SL communication is reused as much as possible for the resource allocation of the control channel and the measurement report associated with SL PRS transmission.
The only difference from the mode-2 resource selection in SL communication is that the resource pools for the sensing and the resource selection are different in SL positioning. In SL communication, the sensing and the resource selection are performed in the same resource pool. But in SL positioning, the sensing is performed in the resource pool where all other channels/signals except SL PRS are transmitted. Based on the sensing results, the SL PRS resources are performed in a different resource pool where only SL PRS is transmitted.
If those two resource pools are configured on two different BWPs and a single RF module is used for SL positioning, RF switching needs to be performed for SL PRS resource selection after sensing. As a consequence, a minimum time gap for RF switching is necessary between the end of the sensing window and the start of the resource selection window. Further study may be needed whether a minimum time gap is also necessary for switching between different resource pools.
Proposal 25: A minimum time gap for RF switching between different resource pools or BWPs needs to be considered in SL PRS resource allocation/selection.
In Rel.17 SL communication, it is supported that the resource selection can be performed also based on the inter-UE coordination message between UEs. It’s beneficial especially for the cases having so-called hidden node problem or for a UE having no sensing capability. The same principle and procedure can be applied for the SL PRS resource selection in SL positioning.
Proposal 26: The resource selection based on the inter-UE coordination message defined in Rel.17 SL can be considered also for SL PRS resource selection.
6. Other PHY layer issues
At least for SL TDOA positioning, the synchronization between UEs of the SL positioning group is important for high accuracy positioning. Especially the synchronization between S-UEs significantly affects the SL positioning performance. As one of the solution for the synchronization, UEs that performs SL positioning needs to perform the synchronization procedure based on S-SSB, which is defined for SL communication. As any UE can possibly become S-UE in SL positioning, every UE performing SL positioning should follow the synchronization procedure based on S-SSB. Or at least if UE joins a SL positioning group as S-UE for SL TDOA, the UE should follow the synchronization procedure based on S-SSB.
As a solution to reduce the synchronization error between S-UEs for SL TDOA, S-UEs can be synchronized to the same synchronization reference, such as GNSS or gNB. But in general UEs can be synchronized to different synchronization reference. Furthermore even though synchronized to the same synchronization reference, UEs can still have some timing offset between UEs due to the different distance from the synchronization reference. Therefore it may not be feasible to differentiate UEs appropriate for S-UE based on the synchronization reference. Rather than that, a condition may be posed that only UEs having a timing offset below a threshold can participate in SL positioning.
Proposal 27: SL synchronization procedure is performed by the UE that performs SL positioning.
The issue of synchronization error to the positioning performance degradation is well known from the past. However, as discussed above, it’s more likely that S-UEs will not be synchronized with each other than gNBs. Therefore the synchronization issue is quite important especially for SL positioning. Restricting UE participation in SL positioning group based on synchronization offset would limit the SL positioning service availability. Instead, if the synchronization effect can be mitigated in SL positioning, it would be beneficial in improving the SL positioning availability.
As discussed above, the impact of the synchronization error between UEs to the SL positioning performance is more critical in SL TDOA positioning rather than SL RTT positioning. As a possible solution is depicted in Figure 1. When S-UE#1 and S-UE#2 transmit SL PRSs to T-UE so that T-UE estimate the RSTD between SL PRS#1 and SL PRS#2 from the S-UEs, S-UE#2 can transmit SL PRS#2 with some time gap after S-UE#1 transmitted SL PRS#1. If the time gap between the SL PRS#1 and SL PRS#2 are fixed and known in advance, T-UE calculates the reception timing of SL PRS#2 based on the timing of SL RPS#1. After all, T-UE come to receive both SL PRSs with a single timing, so there should be no timing error issue between S-UEs for SL TDOA.
One of the solutions for mitigating the synchronization offset, when the multi-panel antenna is equipped in UE, is to use so-called ‘differential TDOA.’ For a pair of S-UEs, the timing offset between S-UEs can be easily removed in SL positioning calculation if the RSTD measured in one panel is subtracted from the RSTD measured in another panel. By doing so, synchronization error-free RSTD equation can be obtained and used for correct location calculation.
Proposal 28: Further study is needed on the solution that mitigates the performance loss of SL positioning due to the synchronization timing offset between UEs.
Congestion control in SL positioning may be different from that in SL communication. The difference may come from the SL PRS transmission rather than measurement report and location information transfer. The SL PRS resource is comprised of a number of distributed REs, rather than consecutive RBs in SL communication. In addition, the SL PRS may be concentrated in the limited region of measurement gap, which may cause higher congestion level than in SL communication. One possible solution for the congestion control in SL positioning is the partial transmission of the SL PRS resource. For example, if the congestion level is high, UE can transmit just a part of SL PRS resource and transmits the remaining part of SL PRS resource later. In this way, the RE-level resources comprising the SL PRS resource can be distributed across the time span, which will work to reduce the instant congestion level. Or in a high congestion channel condition, transmission of SL PRS over the SL PRS resource, of which a part of REs are punctured due to conflict with other UE’s SL PRS transmission, can also be considered. Further studies are needed for improvement in congestion control for SL positioning.
Proposal 29: Congestion control in SL positioning needs to be studied.
Together with muting and resource reselection based on sensing, the power control may work for improving the reception and transmission of SL PRS between UE of a long distance. As a resource pool for SL positioning can be shared with UL resources, similar to a resource pool for SL communication, DL pathloss can be a reference for power control of SL PRS transmission. As discussed above, one of the reason for SL PRS power control comes from the distance between UEs, so the SL pathloss can also be considered in SL PRS transmission power control.
Proposal 30: Further discussions are needed whether DL pathloss or SL pathloss or both are needed to adapt the transmission power of the SL PRS.
One of the differences in positioning between sidelink and the Uu link is the number of visible entities for positioning from UE side. It’s more likely that less-than-3 RSUs are visible from the vehicle on the road, for example. In sidelink application, the number of S-UEs can be less than the number of gNBs or TRP in Uu link positioning because of the geometrical deployment and the transmission power. As RSU or UE functioning as S-UE has limited capability in transmission power, compared to gNB or TRP, the number of S-UEs than can be used for T-UE positioning may be smaller than that of gNBs/TRPs for Uu link positioning. This issue is critical especially in SL TDOA because at least 3 positioning reference nodes are needed for TDOA positioning. It would be beneficial in SL positioning availability if SL TDOA positioning is possible with less number of S-UEs than 3. 
Observation 5: It is more likely that the number of RSUs visible from UE in V2X use case is less than the number of the position references required for SL TDOA, because the transmission power of RSU is smaller than that of gNB.
There are SL PRS resource collision issues in SL positioning. Examples include the SL PRS resource collision between UEs due to the imperfect sensing, a half-duplex issue caused by a same SL PRS resource for both transmission and reception, a collision between two different SL PRS transmissions or receptions or both through a single SL PRS resource. Similar to SL communication operation, a rule based on e.g. prioritization for dropping of either SL operation may be necessary to handle these collision cases. The priority of the SL PRS can be determined based on the priority of the associated SL positioning service.
Proposal 31: When two SL PRS resources collide among TX and RX, a prioritization rule is necessary to drop either operation.
As the UL resources are shared with the SL Resources, a similar collision issue may happen between the resources for UL transmission/reception and those for SL positioning. For example, the resources for the control channel associated with the SL PRS or the measurement report in SL positioning can collide with the resource for UL transmission/reception. Similar to SL PRS resource collision cases, a rule based on e.g. prioritization for dropping of either SL or UL operation may be necessary to handle these collision cases.
Proposal 32: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
As for the joint SL/Uu positioning, there are two types of joint positioning operation. The first type is the combination of SL and DL positioning method. In this case, the DL resources are usually not used as the SL resources, so there should be no collision of the PRS resources. If UE-based positioning is performed, UE can receive both DL PRS and SL PRS, and calculate its own position based on the measurements on both PRSs. The possible issue may be how LMF knows which anchor UEs are participating in joint SL/DL positioning, especially when the anchor UEs are located at the outside of the network coverage, and how the synchronization offset between gNBs and the anchor UEs can be solved e.g. for TDOA. It’s more skeptical whether the UE-assisted joint SL/DL positioning is feasible.
The second type is the combination of SL and UL positioning method. In this case, the first issue may be the collision between Pos-SRS and SL PRS resources as the UL resources are shared with the SL resource even for the dedicated resource pool. The synchronization issue and the connection between LMF and the anchor UEs still exist as in the joint SL/DL positioning. The other issue would be the measurement report of the anchor UEs to LMF, especially when the anchor UEs are located at the outside of the network coverage. This is the same issue of the UE-assisted joint SL/DL positioning case.
Observation 6: Further studies are necessary to see the feasibility, the benefit and the required complexity of the joint SL/Uu positioning.
7. Conclusions
In this contribution, the potential technical solutions to meet the requirements for SL positioning were discussed. The following proposals were made as a conclusion.
Proposal 1: It is supported that UE initiates the SL positioning procedure, which includes the SL positioning group formation and SL PRS configuration.
Proposal 2: It is supported that LMF/gNB initiates the SL positioning procedure, which includes SL positioning group configuration and SL PRS configuration.
Proposal 3: SL positioning group is comprised of a target UE and anchor UE(s). SL PRS is transmitted and received within the SL positioning group.
· Further studies are needed on which UE can initiate or join the SL positioning group, how to generate and accept the join request, how to leave or release the SL positioning group, etc.
Proposal 4: At least the following types of SL PRS transmission are supported for SL positioning.
· Semi-persistent SL PRS transmission
· Dynamic SL PRS transmission
Observation 1: The higher layer-only signaling for SL PRS configuration requires more latency than the lower layer signaling, which may not be desirable for low latency requirement in SL positioning.
Proposal 5: SL PRS configuration is (pre-)configured per SL PRS resource pool, which includes at least the following fields. Other fields of SL PRS configuration is dynamically signaled by a PHY layer signaling to minimize the signaling latency.
· SL PRS bandwidth
· Set of allowed SL PRS resource informations
· Resource timing
· Periodicity and offset
· Comb pattern
· Number of symbols
· etc.
· whether the SL PRS retransmission is allowed
· whether the multiple SL PRS configurations are allowed
Proposal 6: It needs to be studied whether the multiple SL PRS configurations can be allowed in a SL PRS resource pool.
Proposal 7: It needs to be studied whether the order of SL PRS in double-side RTT can be changed for more flexible use of SL PRS resources and possibly shortened latency.
Proposal 8: For double-side RTT, the information about the unique positioning of the measured SL PRS resource (e.g. SL PRS resource (set) ID combined with SL PRS resource repetition index) can be included in the measurement report.
Observation 2: At least in V2X use case, a vehicle can use multiple panels to get the TX/RX diversity gain. To meet the high positioning accuracy, each panel location needs to be estimated separately.
Proposal 9: SL positioning supports per-panel location measurement if UE uses multiple panels.
Proposal 10: A dedicated resource pool is used for SL PRS transmission to provide the sufficient bandwidth for SL positioning accuracy requirement.
Proposal 11: Other signals/channels associated with SL PRS (e.g. the control channel, the measurement report, etc.) are transmitted in a resource pool different from the one for SL PRS transmission.
· Further study is needed whether the resource pool can be shared with the one for SL communication.
Proposal 12: New 2nd SCI format is introduced for a control channel associated with SL PRS.
Proposal 13: Measurement report between UEs is transmitted by the existing higher layer signaling (e.g. PC5-RRC or MAC CE).
Observation 3: It is beneficial for efficient use of SL PRS resources and UE power saving if RX UE confirms the reception or the quality of the received SL PRS.
Proposal 14: If RX UE fails to receive SL PRS or the quality of the received SL PRS does not meet the requirement, RX UE sends SL PRS retransmission request so that TX UE retransmits the previous SL PRS.
Proposal 15: SL PRS slot is comprised of the following symbols, similar to the SL communication slot.
· AGC symbol at the beginning of the slot
· SL PRS symbols in the middle of the slot
· TX/RX switching gap symbol at the end of the slot
Proposal 16: Further study is needed how to construct the AGC symbol and the TX/RX switching gap symbol.
Proposal 17: If SL PRS slot includes SL PRSs for TX and RX, additional AGC symbol and TX/RX switching gap symbol are inserted between the SL PRSs for TX and RX.
Observation 4: The existing PRS sequences can be reused as much as possible to reduce the receiver complexity and compatibility with Uu link positioning.
Proposal 18: Either NR DL PRS sequence or SRS sequence for positioning is the starting point for SL PRS sequence design.
Proposal 19: The possible comb size and the number of symbols of {1, 2, 4, 5, 6, 10, 12} for the normal CP case and {1, 2, 4, 5, 8, 10} for the extended CP case can be considered for SL PRS configuration.
Proposal 20: It is supported that the network schedules the SL PRS resources.
Proposal 21: When LMF or allocates the SL PRS resources to UE, DCI indicates at least the resource pool index and SL PRS resource information.
· Further study is needed whether SL PRS configuration index is also indicated.
Proposal 22: It is supported that UE selects the SL PRS resources based on sensing.
Proposal 23: When UE selects the SL PRS resources based on sensing, the 2nd SCI indicates at least the source/destination ID and retransmission request flag in addition to the resource pool index and SL PRS resource information.
· Further study is needed whether SL PRS configuration index is also indicated.
Proposal 24: The mode-2 resource allocation procedure of SL communication is reused as much as possible for the resource allocation of the control channel and the measurement report associated with SL PRS transmission.
Proposal 25: A minimum time gap for RF switching between different resource pools or BWPs needs to be considered in SL PRS resource allocation/selection.
Proposal 26: The resource selection based on the inter-UE coordination message defined in Rel.17 SL can be considered also for SL PRS resource selection.
Proposal 27: SL synchronization procedure is performed by the UE that performs SL positioning.
Proposal 28: Further study is needed on the solution that mitigates the performance loss of SL positioning due to the synchronization timing offset between UEs.
Proposal 29: Congestion control in SL positioning needs to be studied.
Proposal 30: Further discussions are needed whether DL pathloss or SL pathloss or both are needed to adapt the transmission power of the SL PRS.
Observation 5: It is more likely that the number of RSUs visible from UE in V2X use case is less than the number of the position references required for SL TDOA, because the transmission power of RSU is smaller than that of gNB.
Proposal 31: When two SL PRS resources collide among TX and RX, a prioritization rule is necessary to drop either operation.
Proposal 32: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
Observation 6: Further studies are necessary to see the feasibility, the benefit and the required complexity of the joint SL/Uu positioning.
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