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1. Introduction
The following agreements on the potential solutions for SL positioning were made in RAN1 #110bis-e 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.

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

Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· 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

Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed

Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS

Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.

Agreement
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable

Agreement
From RAN1 perspective, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast (not including many to one)
· Broadcast (as a working assumption).
· FFS: Applicability of the above cast types

Agreement
With regards to the SL Positioning resource allocation, for SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication (if supported), backward compatibility with legacy Rel-16/17 UEs should be ensured.

Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication

Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.

Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· Periodic SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· Semi-persistent SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS 
· SL-PRS is transmitted at least once after [triggering/request] 
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
· FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study

Agreement
With regards to the SL Positioning resource allocation, support
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
· Note: this does not imply that the design is the same for both types of resources pools
· Note: shared resources pool(s) should be supported with backward compatibility

Agreement
For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, pick one or both of the following options:
· Option 1: A sensing based resource allocation should be introduced 
· Option 2: A random resource selection should be introduced
· In either option 1 or 2, the legacy designs for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 




In this contribution, we discuss the potential technical solutions to meet the requirements for SL positioning.
2. Resource allocation
The resource pool for transmission of SL PRS and the associated channels/signals (e.g. SCI, PSSCH for SLPP/measurement report, SL PRS retransmission feedback, etc.) can be determined based on the scenario as follows.
Option 1: Only SL PRS is transmitted in a dedicated resource pool, and all the associated channels/signals are transmitted in a shared resource pool. This option provide a benefit of the efficient use of the bandwidth of each resource pool. The bandwidth of the dedicated resource pool is optimized for SL PRS transmission, and the bandwidth of the shared resource pool for PSCCH/PSSCH, for example. The other benefit of this option is the reduced UE power consumption for sensing because UE only needs to monitor the shared resource pool to detect SL PRS transmission. From the study in SL communication, the most of power consumption in SL communication comes from the sensing operation. So the power saving benefit is a significant benefit of this option. In this option, PSSCH in a dedicated resource pool needs to signal the control information about both SL PRS transmitted in a dedicated resource pool and the associated channels transmitted in a shared resource pool.
Option 2: SL PRS and PSCCH/PSSCH carrying SCI are transmitted in a dedicated resource pool and all other associated channels/signals are transmitted in a shared resource pool. The advantage of this option is that SL PRS and the associated SCI are transmitted in a same resource pool. This simplifies PSSCH signaling in each resource pool. PSSCH in a dedicated resource pool only signals the resource reservation information about the SL PRS, while PSSCH in a shared resource pool signals the information about the other associated channels. In this option, the bandwidth efficiency in a dedicated resource pool can be lower than that in option 1. Also the UE power consumption for sensing is higher than option 1 because UE should monitor the dedicated resource pool of wide bandwidth.
Option 3: SL PRS and all the associated channels/signals are transmitted in a dedicated resource pool. The benefit of this option is the separation of the resource pools between SL positioning and SL communication. This completely guarantee the possible backward compatibility issue in the other options. The bandwidth efficiency and the UE power saving can be lower than other options.
Option 4: SL PRS and all the associated channels/signals are transmitted in a shared resource pool. This option seems not to provide a significant gain over other options. Rather, this option has disadvantage especially in the backward compatibility issue with the legacy SL communication operation. Also, either SL positioning accuracy or bandwidth efficiency becomes lower compared to other options.
Proposal 1: The following options are considered for resource pool used for SL positioning.
	
	In a dedicated resource pool
	In a shared resource pool

	Option 1
	SL PRS
	All the associated channels/signals

	Option 2
	SL PRS + PSCCH/PSSCH for SCI
	PSCCH/PSSCH for SLPP, measurement report, etc.

	Option 3
	SL PRS + all the associated channels/signals
	-

	Option 4
	-
	SL PRS + all the associated channels/signals


For SL positioning, every UE should have common understanding on the resource pool options explained above. The resource pool option cannot be dynamically configured or determined based on situation. Therefore the resource pool option for SL positioning should be (pre)configured.
Proposal 2: The resource pool option for SL positioning are (pre-)configured.
During the SI phase, there were discussions on the definition of SL PRS resource. Our understanding on the SL PRS resource is similar to DL PRS resource defined for DL positioning. Based on the DL PRS resource defined in the conventional DL positioning method, we can define SL PRS resource as a set of resources for a single sample or instance of measurement. That is, the SL PRS resource is defined according to the SL PRS comb size, SL PRS RE offset, and the number of symbols for SL PRS. This is the single instance as a minimum resource unit for SL positioning measurement. The SL PRS resources can be repeated or multiplexed within a slot.
Proposal 3: SL PRS resource is defined as a set of SL resources, which is used for the measurement of a single sample/instance of SL PRS.
In a resource pool, SL PRS resources based on SL PRS resource configuration that are (pre)configured to be allowed in the resource pool. SL PRS resource configuration should include the basic comb pattern information such as comb size and the number of symbols of SL PRS. RE offset of the comb pattern should not be included in SL PRS resource configuration because RE offset is related to the detailed SL PRS resource location, which can be determined dynamically by UE based on sensing in SL positioning. Similar reasons apply to the parameter such as periodicity, time gap and offset, which were included in DL PRS resource configuration. Those parameters can be carried by SCI as the SL PRS resource reservation information, instead of (pre)configuration in a resource pool. SL PRS resource ID can represent a specific configuration of SL PRS resource.
Proposal 4: SL PRS resource configuration includes at least the followings.
· SL PRS resource ID
· Comb size of SL PRS resource
· Number of symbols of SL PRS resource
Given SL PRS resource configuration, if the number symbols of SL PRS resource is less than the total number of available symbols in a slot, the remaining symbols that are not included in SL PRS resource can be wasted with no use. To avoid such waste of resource, TDM of multiple SL PRS symbols within a slot should be supported. The number of maximum number of SL PRS resources that can be TDMed within a slot is determined by the number of symbols of SL PRS resource. For example, if the number of SL PRS symbols is 2, the maximum number of SL PRS resources that can be TDMed within a slot is 3 considering one AGC symbol and one TX/RX turnaround symbol per SL PRS resource.
Proposal 5: Multiple SL PRS resources can be TDMed in a slot, depending on the comb size.
When SL PRS resource configurations are (pre)configured in a resource pool, the candidate positions of SL PRS resource are determined. As an example of the extended CP mode shown in Figure 1, if the number of SL PRS resource configured in a resource pool is 2, each SL PRS resource occupies 4 symbols due to AGC and TX/RX turnaround symbol. Then the candidate SL PRS resource positions per slot are symbol index of {0,1,2,3}, {4,5,6,7}, and {8,9,10,11}. If SL PRS resource is allocated to different positions other than those three positions, AGC issue occurs (see our companion contribution on SL positioning reference signal [1]).
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[bookmark: _Ref127474299]Figure 1. Candidate SL PRS resource positions when the number of symbols of SL PRS resource=2
Proposal 6: The candidate positions of SL PRS resource in a slot are determined based on the number of symbols of SL PRS resource.
The candidate SL PRS resource position shown in Figure 1 is based on TDM of SL PRS resources. One remaining issue is whether FDM of SL PRS resources having different RE offset in a slot are allowed or not. If FDM of SL PRS resources in a slot is allowed, each RE offset corresponds to another candidate SL PRS resource position. As a result, the total number of candidate SL PRS resource positions becomes comb size multiples of that shown in Figure 1. This issue needs more discussion for decision.
Proposal 7: Further study is needed whether to allow the simultaneous transmission of SL PRS with different comb RE offset.
Once a set of allowed SL PRS resource configurations are configured in a resource pool, the candidate SL PRS resource positions are determined in a slot. As a consequence, all the sensing operation and the subsequent resource allocation can be performed with the resource resolution of the SL PRS resource. That is, if the sensing results show that a certain position of the candidate SL PRS resource is available, UE can select the position for SL PRS resource transmission.
Proposal 8: SL PRS resource is the granularity of the SL PRS resource allocation.
All the resource reservation information are carried by SCI in SL communication. Similar mechanism can be used for SL positioning. Considering the backward compatible SL PRS transmission issue in a shared resource pool, SCI should consist of 2 stages. The 1st-stage SCI is carried by PSCCH and indicates the resource reservation information of PSSCH that carries the 2nd-stage SCI. By introducing a new 2nd-stage SCI indication field in the 1st-stage SCI, we can allow a new format of the 2nd-stage SCI while keeping the backward compatibility with the existing SL communication.
Proposal 9: The reserved resources for 2nd-stage SCI (PSSCH) are indicated by the 1st-stage SCI (PSCCH).
As we introduced a new format of the 2nd-stage SCI without any backward compatibility issue, it’s reasonable that the 2nd-stage SCI indicates the resource reservation information of SL PRS resources. An alternative way is to carry the resource reservation information of SL PRS resource through SL MAC-CE, which is carried by PSSCH. The benefit of the alternative may be to reuse the existing 2nd-stage SCI format, and to allow both the SL PRS resource reservation and e.g. the measurement report in the same PSSCH as a payload. We prefer to use the 2nd-stage SCI for SL PRS resource reservation signaling.
Proposal 10: The reserved SL PRS resources are indicated by the 2nd-stage SCI (PSSCH).
If the above mechanism of the 1st-stage and the 2nd-stage SCI is introduced, in resource allocation scheme-2, the resource allocation of the 2nd-stage SCI (that is PSSCH) is based on sensing over the 1st-stage SCI (that is PSCCH), as done in legacy SL communication. In a similar way, the resource allocation of SL PRS resource is based on sensing over the 2nd-stage SCI, which is carried by PSSCH.
One issue is whether the sensing results over SL PRS resource can also be consider for resource allocation of SL PRS resource. In order for SL PRS resource to be transmitted, both SL PRS resource and the SCI resource should be available. This can be an issue especially when SL PRS resource and the 2nd-stage SCI are transmitted in different resource pools. In the above case, either SL PRS or the 2nd-stage SCI resource cannot be available due to e.g. different congestion level in each resource pool. Then, SL PRS cannot be transmitted after all. Considering this point, we need further study whether or not to consider sensing over the SL PRS resources.
Proposal 11: In scheme-2, the SL PRS resources are selected based on the sensing results over the 2nd-stage SCI.
· FFS whether the sensing results over the SL PRS resources (e.g. SL PRS RSRP) are additionally used for resource selection.
The SCI associated with SL PRS resource can indicate the necessary information about SL PRS resource. One of the main purpose of SCI is to indicate SL PRS resource reservation information. As we discussed about the candidate SL PRS resource positions in a slot, a specific candidate can be exactly indicated by SL PRS resource index within a slot in time domain, and RE offset of SL PRS resource in frequency domain. With those two values, there is no ambiguity in identifying the location of SL PRS resource.
One more point may be the SL PRS resource configuration of the reserved SL PRS resource. For example, if multiple SL PRS configurations are allowed in a resource pool, SL PRS resources with different number of symbols can be TDMed in a slot as long as the start timings of the multiple SL PRS resources are aligned. In another example, at least SL PRS resource with different comb size but with same number of symbols can be TDMed in a slot. In this case, it is needed which SL PRS configuration is associated with the reserved SL PRS resource. That information can be represented by SL PRS resource ID.
Proposal 12: SCI/DCI associated with SL PRS indicates at least the followings.
· SL PRS resource ID
· SL PRS resource index within a slot of the reserved/scheduled SL PRS resource
· RE offset of the reserved/scheduled SL PRS resource
There were discussions on how SL PRS transmission and the subsequent SL PRS resource selection is triggered. It can be triggered by UE’s own higher layer, by LMF, or by other UE’s request. In the first way, target UE can trigger SL positioning (and consequently SL PRS transmission and its resource allocation triggering) to know its own location. In the second way, LMF can do the same based on the request from other entities. In the last way, other UE can request the UE to transmit SL PRS resource for SL positioning. The purpose of the requesting UE may be the target UE that requests the anchor UE to transmit SL PRS. It can be the initiation of SL PRS transmission or the retransmission request of the previously transmitted SL PRS, which is further discussed in the following paragraph.
Proposal 13: SL PRS resource selection is triggered by the followings.
· UE’s higher layer when SL positioning service is triggered
· LMF based on other entities’ request
· Other UE’s request on SL PRS (re)transmission
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 reception is not possible in case of e.g. half duplex case (as shown in Figure 2), or 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 due to e.g. high interference level from other UEs or NLOS reception (as shown in Figure 3 and Figure 4).
[image: ]
[bookmark: _Ref115340680]Figure 2 SL PRS reception failure due to half-duplex
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[bookmark: _Ref115340695]Figure 3 Bad quality of SL PRS reception due to high interference
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[bookmark: _Ref115340703]Figure 4 Bad quality of SL PRS reception due to blockage of LOS path
In this case, feedback-based SL PRS retransmission is helpful. That is, RX UE sends a feedback to TX UE to indicate that RX UE fails to receive SL PRS or the quality of the received SL PRS is too bad. In this case TX UE retransmits the SL PRS to complete the SL PRS transmission. This feedback-based SL PRS retransmission improves the SL positioning performance, especially in SL multi-RTT or SL TDOA. Let’s take an example of SL TDOA, where N anchor UEs(A-UE) transmit SL PRS to the target UE(T-UE) so that T-UE measures N RSTD values. When SL PRS reception from K A-UEs are too poor to be included in the T-UE location calculation, T-UE uses only (N-K) RSTD values for its positioning.
However, if feedback-based SL PRS retransmission based on feedback is used, T-UE sends feedback to those K A-UEs, then those K A-UEs retransmit SL PRS to T-UE. As a result, if those K SL PRSs are successfully received by T-UE, T-UE can fully utilized all the N RSTD values, which improves the SL positioning accuracy. 
The simulation results showing the performance gain of the feedback based feedback-based SL PRS retransmission are shown in Table 1 to Table 3 for SL TDOA. The simulation parameters are listed in Table 4. From the results, the feedback based SL PRS retransmission provides significant gain up to 0.45m error reduction, compared to SL PRS transmission without feedback. More simulation results with the various conditions and parameters can be found in our companion contribution [2].

[bookmark: _Ref115340833]Table 1 SL TDOA positioning error(m) @90% CDF under highway scenario (3 anchor nodes)
	3 nodes case
	comb (1,1)
	comb (6,6)
	comb (12,12)

	No feedback
	2.26
	2.29
	2.30

	Feedback-based retransmission
	1.94
	1.89
	1.88



Table 2 TDOA positioning error(m) @90% CDF under highway scenario (5 anchor nodes)
	5 nodes case
	comb (1,1)
	comb (6,6)
	comb (12,12)

	No feedback
	1.99
	2.08
	2.06

	Feedback-based retransmission
	1.71
	1.68
	1.71



[bookmark: _Ref115340838]Table 3 SL TDOA positioning error(m) @90% CDF under highway scenario (7 anchor nodes)
	7 nodes case
	comb (1,1)
	comb (6,6)
	comb (12,12)

	No feedback
	1.97
	1.92
	1.92

	Feedback-based retransmission
	1.55
	1.47
	1.48



[bookmark: _Ref115340877]Table 4 Simulation parameters for SL TDOA
	Parameter
	Details

	Channel model, scenario
	TR 37.885, Highway scenario

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Bandwidth
	40 MHz
Oversampling 245.760 MHz 

	RSTD estimation technique
	FANG estimator [1] (when 3 RSU are used for position estimation)
CHAN estimator [2] (when 5 or 7 RSU are used for position estimation)

	Network synchronization assumptions
	Ideal synchronization

	PRS configuration
	Downlink PRS
Comb pattern (comb size, number of symbols) = (1, 1), (6,6) and (12,12)

	Deployment
	HL (Highway Length) = 3500m
6 lanes total with 4m width

Vehicles drop type Option A 
(140kph, 100% vehicles type 2, rear rooftop antenna position)

Vehicle self-blockage model is used

RSU deployment
Option 1: Staggered layout with ISD = 200 m on every side
Option 2: Symmetric layout with ISD = 200 m on every side.

	SL PRS resource allocation
	Network-scheduled allocation
UE-selected resource allocation

	Traffic model
	No data transmission


Feedback-based SL PRS retransmission is also beneficial 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 fails 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 causes a bottleneck of endless waiting from both UE sides, and can be solved if such kind of feedback is sent from RX UE to TX UE.
Observation 1: 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, which triggers feedback-based SL PRS retransmission.
Based on the observation above, same SL PRS can be transmitted multiple times in two way. In one way, the multiple SL PRS transmissions are (pre-)configured from the beginning, and SL PRSs are repeatedly transmitted as determined without any feedback, which is similar to blind retransmission in SL communication.
In the other way, SL PRS is ‘retransmitted’ based on the feedback as discussed above. The benefit of this approach in resource allocation point of view is that it avoids unnecessary transmission of SL PRS. The transmission of SL PRS is performed conditionally based on the feedback, which significantly enhances the resource usage efficiency and congestion control.
Proposal 14: SL PRS repetition or retransmission is supported as follows.
· Blind repetition
· Feedback-based retransmission
Another issue is that the SL PRS resource cannot always be available from UE side to meet the requirement, if the SL PRS resources are selected based on sensing and the channel congestion level is high for example. In this case, a method to reserve the resources for the peer UE’s expected transmission can be helpful. 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. With this method, the resource for SL PRS#2 transmission can be guaranteed to meet the requirement.
The above SL PRS reservation method 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.
Proposal 15: It is supported that UE1 reserves UE2’s resources used for SL positioning (e.g. SL PRS or measurement report) and sends the SL PRS resource reservation information to UE2, at least when UE1 and UE2 are involved in the same SL positioning service.
Considering the fast changing channel condition and the availability of the peer UE due to UE mobility especially in V2X case, it is desirable to limit the responding time of the RX UE over the SL PRS transmission from TX UE. For example in SL RTT, if UE-1 transmits the 1st SL PRS to UE-2, it’s expected that UE-2 transmits the 2nd SL PRS to UE-1 within a time limit. In another example in SL TDOA, if UE-1 transmits SL PRS to UE-2, it is expected that UE-2 report the measurement over the receive SL PRS to UE-1 within a time limit.
As a solution to guarantee the time limit of the response from the peer UE, TX UE can indicate to UE-B the required maximum responding time, within which e.g. the responding SL PRS in SL RTT or the measurement report in SL TDOA should be transmitted to TX-UE.
Proposal 16: When UE-A transmits SL PRS to UE-B, UE-A indicates to UE-B the required maximum responding time, within which e.g. the responding SL PRS in SL RTT or the measurement report in SL TDOA should be transmitted to UE-A.
When only SL PRS is transmitted in a dedicated resource pool, and the associated SCI is transmitted in a shared resource pool, the only difference from the mode-2 resource selection in SL communication is that the resource pools for the sensing and the resource pool for 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 the case above for SL positioning, the sensing is performed in the shared resource pool where SCI associated to SL PRS are transmitted. Based on the sensing results, the SL PRS resources are selected in the dedicated 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 within a same BWP.
Proposal 17: When SL PRS and the associated SCI are transmitted in different resource pools, a minimum time gap between the SCI and SL PRS resources are considered in resource allocation/selection.
Inter-UE coordination (IUC) based resource selection is already specified in Rel.17 SL communication, which include the preferred, non-preferred and resource conflict information. It’s beneficial especially for the cases having so-called hidden node problem or for a UE having no sensing capability. The similar mechanism can be reused for SL positioning. RX UE can transmit IUC messages to TX UE so that TX UE can select SL PRS resources based on the received IUC message and its own sensing results.
Proposal 18: The resource selection based on the inter-UE coordination message defined in Rel.17 SL is supported for SL PRS resource selection.
There could be some improvement with IUC-based SL PRS resource selection. For example in RTOA-based SL TDOA, T-UE sends SL PRS to the multiple A-UEs and the multiple A-UE send measurement to T-UE. In this case, the multiple A-UEs send the multiple IUC messages according to their own sensing results. In SL PRS resource selection procedure, if T-UE only consider one part of the multiple non-preferred resources, A-UEs that sent the other part of the multiple non-preferred resource may suffer the resource conflict or high interference. Therefore, T-UE can exclude from the candidate resources the sum of the multiple non-preferred resources indicated by the multiple IUC messages. 
At the same time, the best resources that satisfy all the A-UEs’ reception perspective may be the intersection of the multiple preferred resources. T-UE can prioritize the intersection of the multiple preferred resources among the candidate resources, considering its own sensing results together.
Proposal 19: In IUC-based SL PRS resource selection for SL TDOA positioning, the handling of the multiple IUC messages are needed.
If SL PRS and PSCCH/PSSCH for SL communication are transmitted in a same resource pool, a slot can It’s beneficial especially for the cases having so-called hidden node problem or for a UE having no sensing capability. be used either for SL PRS transmission or for PSCCH/PSSCH transmission. If the transmission resource is selected by UE based on sensing, there are possibilities of resource conflict due to improper sensing results. The interference from SL PRS to PSSCH/PSSCH can be significantly high if a large com size is used and resultantly the power of SL PRS RE is highly boosted.
One possible solution to avoid or minimize such interference is to apply RE-level muting when PSCCH/PSSCH transmission resources are selected. If SL PRS configuration used in a slot or in a resource pool is known to UE, UE can apply RE-level muting to PSCCH/PSSCH resources of the RE locations of potential SL PRS resource. This can minimize the potential interference from SL PRS resource to PSCCH/PSSCH resource.
Proposal 20: Resource allocation can be improved for backward compatibility if SL PRS is transmitted on the shared resource pool.
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 21: When TX and RX SL PRS resources collide each other, 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 22: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
3. Congestion control and other procedures
In SL communication, the granularity of the resource allocation is the sub-channel. Consequently, the RSSI measurement for CBR estimation in congestion control is performed based on the sub-channels (pre)configured in a resource pool.
We have discussed in this document that SL PRS resource can be the granularity of the SL PRS resource allocation. The purpose is to allow TDM of the multiple SL PRS resources in a slot. As a consequence, congestion control can also be performed to check how much portion of the candidate SL PRS resources are occupied in a resource pool. That is, SL PRS resource can be the granularity of RSSI measurement for CBR estimation in SL positioning.
Proposal 23: SL PRS resource is the granularity of RSSI measurement for CBR estimation in SL positioning.
Depending on the resource pool options, SL PRS and the associated PSCCH/PSSCH are transmitted in a same or a different slot. In addition, a slot can be shared between SL positioning and SL communication. Given this situation, the existing RSSI measurement on PSCCH/PSSCH doesn’t work for SL positioning. At least RSSI measurement on SL PRS should be additionally considered for CBR estimation.
If only SL PRS is transmitted in one slot and the associated PSCCH/PSSCH is transmitted in the other slot, RSSI measurement should be done over SL PRS in the former case and over PSCCH/PSSCH in the latter case. If SL PRS and PSCCH/PSSCH carrying the associated SCI is transmitted in one slot and other PSCCH/PSSCH (e.g. for SL communication) is transmitted in the other slot, RSSI measurement should be done over SL PRS+PSCCH/PSSCH in the former case and over PSCCH/PSSCH in the latter case. In both cases, RSSI measurement on SL PRS is needed. How to combine two kinds of RSSI measurements on SL PRS and PSCCH/PSSCH needs further study.
Proposal 24: CBR estimation for SL positioning can be based on the followings.
· RSSI measurement on SL PRS
· RSSI measurement on PSCCH/PSSCH
Proposal 25: RSSI measurement for CBR estimation in SL positioning needs to be improved when SL PRS and PSCCH/PSSCH are transmitted in a same resource pool.
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 26: 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 5. 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.
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[bookmark: _Ref115341249]Figure 5 Synchronization of SL PRS between 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 27: Further study is needed on the solution that mitigates the performance loss of SL TDOA due to the transmission timing misalignment between UEs.
In RTT, the distance between target and anchor UE is estimated based on the average of the two estimated ToF (time of flight) values based on the 1st and the 2nd SL PRS transmission. Considering SL positioning for V2X use cases, if UE is moving, two locations where UE transmits the 1st SL PRS and the 2nd SL PRS become different. Because of this UE movement, the RTT positioning error increases according to the UE speed and the time interval between two SL PRS transmissions.
Figure 6 shows the RTT positioning error vs. SL PRS time interval when the target UE is moving with 140km/h speed while the anchor UE is fixed in location. As shown in the Figure 6, when the time interval reaches 10 to 15 ms, the positioning error of single-side RTT and double-side RTT becomes non-negligible up to 0.6m, which is already larger than the Set B requirement.
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[bookmark: _Ref118734023]Figure 6 Single- and double-side RTT positioning error vs. SL PRS time interval
Figure 7 shows the RTT positioning error vs. SL PRS time interval when both target and anchor UE is moving in opposite direction. As shown in the Figure 7, when the relative speed is 140 km/h (each vehicle speed of 70 km/h), the positioning error of single-side RTT and double-side RTT becomes non-negligible up to 0.8m, which is already larger than the Set B requirement.
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[bookmark: _Ref118734234]Figure 7 Single- and double-side RTT positioning error vs. vehicle speed
There could be two ways of solution to this problem. One way is to apply some compensation algorithm to mitigate the impact of the UE’s moving in UE position calculation. The other way is to indicate that UE is moving so the positioning accuracy based on SL positioning may not be accurate. The second approach seems simpler and easier. As a result, the UE speed or velocity can be used as an indicator of the SL positioning accuracy.
Observation 2: Single-side and double-side RTT performance are significantly degraded by UE mobility if UE speed is high or the time interval between two SL PRSs is large.
Similar to UE mobility, the geometric locations of the anchor nodes have impact on the SL absolute positioning. For example, it’s well known that the variance of the absolute positioning error becomes large if all of the anchor nodes are located in a straight line position. This theoretical positioning effect is known as GDOP (geometric dillusion of precision), which could be used as a positioning accuracy indicator.
Proposal 28: UE mobility and GDOP can be considered as the accuracy indicator of the measurement.
4. 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: The following options are considered for resource pool used for SL positioning.
	
	In a dedicated resource pool
	In a shared resource pool

	Option 1
	SL PRS
	All the associated channels/signals

	Option 2
	SL PRS + PSCCH/PSSCH for SCI
	PSCCH/PSSCH for SLPP, measurement report, etc.

	Option 3
	SL PRS + all the associated channels/signals
	-

	Option 4
	-
	SL PRS + all the associated channels/signals


Proposal 2: The resource pool option for SL positioning are (pre-)configured.
Proposal 3: SL PRS resource is defined as a set of SL resources, which is used for the measurement of a single sample/instance of SL PRS.
Proposal 4: SL PRS resource configuration includes at least the followings.
· SL PRS resource ID
· Comb size of SL PRS resource
· Number of symbols of SL PRS resource
Proposal 5: Multiple SL PRS resources can be TDMed in a slot, depending on the comb size.
Proposal 6: The candidate positions of SL PRS resource in a slot are determined based on the number of symbols of SL PRS resource.
Proposal 7: Further study is needed whether to allow the simultaneous transmission of SL PRS with different comb RE offset.
Proposal 8: SL PRS resource is the granularity of the SL PRS resource allocation.
Proposal 9: The reserved resources for 2nd-stage SCI (PSSCH) are indicated by the 1st-stage SCI (PSCCH).
Proposal 10: The reserved SL PRS resources are indicated by the 2nd-stage SCI (PSSCH).
Proposal 11: In scheme-2, the SL PRS resources are selected based on the sensing results over the 2nd-stage SCI.
· FFS whether the sensing results over the SL PRS resources (e.g. SL PRS RSRP) are additionally used for resource selection.
Proposal 12: SCI/DCI associated with SL PRS indicates at least the followings.
· SL PRS resource ID
· SL PRS resource index within a slot of the reserved/scheduled SL PRS resource
· RE offset of the reserved/scheduled SL PRS resource
Proposal 13: SL PRS resource selection is triggered by the followings.
· UE’s higher layer when SL positioning service is triggered
· LMF based on other entities’ request
· Other UE’s request on SL PRS (re)transmission
Observation 1: 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, which triggers feedback-based SL PRS retransmission.
Proposal 14: SL PRS repetition or retransmission is supported as follows.
· Blind repetition
· Feedback-based retransmission
Proposal 15: It is supported that UE1 reserves UE2’s resources used for SL positioning (e.g. SL PRS or measurement report) and sends the SL PRS resource reservation information to UE2, at least when UE1 and UE2 are involved in the same SL positioning service.
Proposal 16: When UE-A transmits SL PRS to UE-B, UE-A indicates to UE-B the required maximum responding time, within which e.g. the responding SL PRS in SL RTT or the measurement report in SL TDOA should be transmitted to UE-A.
Proposal 17: When SL PRS and the associated SCI are transmitted in different resource pools, a minimum time gap between the SCI and SL PRS resources are considered in resource allocation/selection.
Proposal 18: The resource selection based on the inter-UE coordination message defined in Rel.17 SL is supported for SL PRS resource selection.
Proposal 19: In IUC-based SL PRS resource selection for SL TDOA positioning, the handling of the multiple IUC messages are needed.
Proposal 20: Resource allocation can be improved for backward compatibility if SL PRS is transmitted on the shared resource pool.
Proposal 21: When TX and RX SL PRS resources collide each other, a prioritization rule is necessary to drop either operation.
Proposal 22: When SL PRS resource and UL transmission resource collide each other, a prioritization rule is necessary to drop either operation.
Proposal 23: SL PRS resource is the granularity of RSSI measurement for CBR estimation in SL positioning.
Proposal 24: CBR estimation for SL positioning can be based on the followings.
· RSSI measurement on SL PRS
· RSSI measurement on PSCCH/PSSCH
Proposal 25: RSSI measurement for CBR estimation in SL positioning needs to be improved when SL PRS and PSCCH/PSSCH are transmitted in a same resource pool.
Proposal 26: SL synchronization procedure is performed by the UE that performs SL positioning.
Proposal 27: Further study is needed on the solution that mitigates the performance loss of SL TDOA due to the transmission timing misalignment between UEs.
Observation 2: Single-side and double-side RTT performance are significantly degraded by UE mobility if UE speed is high or the time interval between two SL PRSs is large.
Proposal 28: UE mobility and GDOP can be considered as the accuracy indicator of the measurement.
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