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At the RAN1#109-e meeting, the following agreements were made regarding potential solutions for sidelink positioning [1]:
Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.
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. 
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 present our views on potential solutions for sidelink positioning. Our views on scenarios and requirements for sidelink positioning is presented in our companion contribution [2]. The aspects of carrier phase positioning and positioning with reduced capability UEs are discussed in the contributions [3] - [5]. 
Discussions on SL positioning methods and measurement
In the last meeting the positioning methods RTT, SL-AoA, SL TDOA and SL-AOD were agreed to be studied. In the following paragraphs we discuss aspects for each for these methods and related measurements. 
One aspect that touches multiple methods is the time synchronization. The time synchronization accuracy defined for SL communication purposes may not be sufficient for positioning purposes. Thus, like the case of DL and UL positioning for all methods that do rely on accurate time synchronization we will need to assume that this is can be achieved. In our opinion this can mainly be assumed for RSU type UEs as these could potentially rely on accurate synchronization using optical fibers. 
During RAN1#109-e the classification of different methods into relative or absolute positioning was discussed. As relative positioning methods can be combined with an absolute positioning information of one device, it is not required to classify the methods.
SL positioning method RTT
For RTT based methods both single-sided and double-sided should be studied according to the agreement made during RAN1#109-e. In contrast to double-sided RTT, single sided RTT rely on accurate synchronization of both participating UEs. Due to the nature of double-sided RTT there is no influence of synchronization accuracy on the relative positioning accuracy. Clock drift between the devices participating in a double-sided RTT based exchange can influence the accuracy if the time between both transmissions is large. We however think that the effect of clock drift is negligible for the case of RTT based positioning if the Rx and Tx occasions are sufficiently close in time.  
Especially, for mode-2 SL resource allocation it is (based on SL communication assumption) possible that the time gap between two transmissions belonging to the same double-sided RTT based exchange is relatively large. Figure 1 shows the moved distanced between two transmissions assuming a relative velocity of up to 250 km/h. Note that as for SL communication an absolute vehicle velocity of 250 km/h was assumed, this means, at least in theory, the relative velocity of two vehicles moving in opposite direction can reach up to 500 km/h. This means that at least for independent resource selection it is in some cases necessary to ensure that the transmissions used for double-sided RTT by the participating UEs are sufficiently close in time. 
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[bookmark: _Ref110854220]Figure 1. Additional inaccuracy introduced to double-sided RTT due to vehicular movement. 
For double-sided RTT, the UE measure “SL UE Rx – Tx time difference” needs to be defined similar to definition of the measure “UE Rx – Tx time difference”. Like the definition for the DL-UL case, multiple SL PRS, SL CSI-RS or even SL PSSCH DMRS resources can be configured by higher layers as signals for measurement. For the case of single-sided RTT the UE measure “SL Relative Time of Arrival” needs to be defined. Again, this can be defined in a similar fashion as the definition of “UL Relative Time of Arrival”. In contrast to the UL, in the SL this measure can be based on SL PRS, SL CSI-RS or even SL PSSCH DMRS. 
Proposal 1: 
· The definition of the measure SL UE Rx – Tx time difference for double-sided RTT follows the definition for “UE Rx – Tx time difference” for Uu positioning.
· The definition of the measure SL Relative Time of Arrival for single-sided RTT follows the definition for “UL RToA” for Uu positioning.
· Study the need and means to ensure that reception and transmission occasions for double-sided RTT are sufficiently close in time.

Single and double-sided RTT can be used for raging between UEs. However, it can be combined with for example SL-AoA or AoD information and the absolute position of another UE (potentially an RSU type UE) to generate absolute positioning information. It is also possible to perform RTT based ranging to multiple UEs with known location to perform absolute positioning.
SL positioning method SL-AoA
For an AoA based method a UE estimates the per Rx antenna panel Angle of Arrival (AoA). Time synchronization inaccuracies do not influence the performance of AoA based methods. As a measure, “SL Angle of Arrival” should be defined similar to the measure “UL Angle of Arrival”. The estimation of the SL AoA can be based on any reference signal present in the exchange between both UEs. Note that this measure is highly dependent on the antenna configuration of the receiving UE. The more antennas (per panel) the receiving UE has, the more accurate the estimation. 
SL AoA can be combined with RTT based ranging to perform relative positioning to another UE. It is also possible to combine AoA measurements from multiple UEs with known location to perform absolute positioning.
Proposal 2: 
· The definition of the measure SL Angle of Arrival (SL-AoA) follows the definition for UL AoA for Uu positioning.

SL positioning method SL-TDOA
SL-TDOA can be either based on DL-TDOA or UL-TDOA. At this point in time, it is unclear if one of them or both should be studied. In the case that SL-TDOA is implemented like UL-TDOA this would mean that one UE is transmitting and multiple other UEs are receiving the transmissions and afterwards comparing their timing of arrival to perform positioning. In the case that SL-TDOA is standardized like DL-TDOA, multiple UEs transmit to one UE and this UE compares the timing of arrival for all transmissions to perform positioning. 
Proposal 3: 
· Study if SL-TDOA is defined based on UL-TDOA, or DL-TDOA or both. 

Both options for SL-TDOA are highly sensitive to synchronization errors. This means that for UL-TDOA like behavior the receiving UEs need to be highly synchronized and for DL-TDOA the transmitting UEs need to be highly synchronized.
For the case of UL-TDOA-like SL-TDOA the timing of arrival of a transmission needs to be measured at different receiving UEs. For the DL-TDOA-like SL-TDOA a measure for the SL reference signal time difference needs to be defined. 
Proposal 4: 
· Study the definition of the measure SL Relative Time of Arrival (SL RToA) for UL-TDOA-like SL-TDOA.
· Study the definition of the measure SL RSTD for DL-TDOA-like SL-TDOA.

With UL-TDOA-like SL-TDOA as well as DL-TDOA-like SL-TDOA it is possible to perform absolute positioning for a target UE if the location of all other participating UEs is known. One aspect that also needs to be mentioned is that since DL-TDOA needs a transmission from each transmitting UE to the receiving UE, therefore the amount of SL PRS resources that are used is higher than for UL-TDOA like SL-TDOA. In the case of UL-TDOA like SL-TDOA a SL PRS transmission resource using a single spatial layer is sufficient. As for other cases that rely on multiple transmissions at potentially different time DL-TDOA like SL-TDOA also shares the problem that if these are too far apart (in time) an additional error is incurred as for V2X the vehicle could move between these transmissions. 
SL positioning method SL-AoD
For an AoD based methods the transmitting UEs transmits in different directions using different layers. Time synchronization inaccuracies do not influence the performance of AoD based methods. The receiving UE reports the RSRP either per path or averaged over all paths. Like the definition of the DL-RSRPP for DL-AoD in Rel-17 this measure would benefit from a per path reporting, thus studying SL PRS-RSRPP would be beneficial. Note that this measure is highly dependent on the antenna configuration of the transmitting UE. The more antennas (per panel) the transmitting UE has, the more accurate the estimation.
Proposal 5: 
· Study the definition of the measure SL PRS-RSRP and SL PRS-RSRPP for SL-AoD.

It is also important to mention that in contrast to the SL-AoA this measure needs to perform estimation per spatial direction. This means if high SL-AoD accuracy should be achieved the number of needed spatial directions and thus SL-PRS resources can be high. Also, if these are transmitted at different times there is an influence on the accuracy due to the movement of the UE between the transmissions.
SL AoD can be combined with RTT based ranging to perform relative positioning to another UE. It is also possible to combine AoD measurements from multiple UEs with known location to perform absolute positioning. 
Overview of methods and measures
To combine our view on the topic of methods and measures for SL positioning, Table 1 summarizes our view on the topic per method. 
[bookmark: _Ref111186472]Table 1. Summary of SL positioning methods
	Method
	Measure
	Sensitive to sync errors?
	Accuracy depends on antenna configuration
	Accuracy improves with BW

	SL single-sided RTT
	SL Relative Time of Arrival
	yes
	no
	yes

	SL double-sided RTT
	SL UE Rx – Tx time difference
	no
	no
	yes

	SL-AoA
	SL Angle of Arrival
	no
	yes
	no

	SL-TDoA (UL-TDoA like)
	SL Relative Time of Arrival
	yes
	no
	yes

	SL-TDoA (DL-TDoA like)
	SL RSTD
	yes
	no
	yes

	SL-AoD 
	SL PRS-RSRP and SL PRS-RSRPP
	no
	yes
	no



Discussions on SL-PRS physical structure
At the RAN1#109-e meeting, it was agreed to study new reference signal for SL positioning/ranging using the existing PRS/SRS design and SL design framework as a starting point [1]. For SL-PRS design, either pseudo-random sequence as in DL-PRS or ZC sequence as in SRS for UL positioning can be considered. However, a single type of sequence is beneficial to reduce UE implementation complexity for SL positioning. 
For these two sequence design options, while it is evident that ZC sequence can provide better PAPR compared to pseudo-random sequence, it may be more sensitive to impairments including timing and frequency offset for positioning measurement. This may be more pronounced when considering V2X scenario with synchronization error and high mobility. In addition, utilizing pseudo-random sequence may simplify the UE receiver implementation as the algorithm for positioning measurement with DL-PRS can be maximally reused. Hence, based on the discussions above, in our view, pseudo-random sequence is preferred for SL-PRS design.    
Proposal 6: 
· Pseudo-random sequence is preferred for SL-PRS design.

As agreed in the RAN1#109-e meeting, at least for evaluation of SL positioning, different accuracy requirements under various use cases and scenarios including V2X, public safety, commercial and IIOT are considered [1]. For instance, for evaluation of commercial use-cases for SL positioning solutions, 1 m (absolute or relative) horizontal accuracy and 2 m (absolute or relative) vertical accuracy for 90% of UEs are considered. Considering the SL positioning requirements with high accuracy targets and the need to support out-of-coverage scenarios, the support of SL-PRS transmission bandwidth at least up to 100 MHz (FR1) and 400 MHz (FR2) would be necessary. 
On the other hand, the bandwidths assumed for Rel-16 V2X/SL and Rel-16 positioning studies that include at least 20 MHz (e.g., ITS band) should also be considered. It may be challenging to support high accuracy positioning performance with limited SL-PRS transmission bandwidth configurations unless multiple positioning methods, including non-NR-based methods (e.g., GNSS-RTK assistance data) or enhanced methods like bandwidth aggregation, etc. are considered.
Proposal 7: 
· Specification support of up to 100 MHz and 400 MHz SL-PRS transmission bandwidths for FR1 and FR2 should be considered for SL positioning, respectively. 
· RAN1 should also study the performance for SL positioning in limited bandwidth scenarios, e.g., up to 20 MHz.

At the RAN1#109-e meeting, several options regarding frequency domain pattern for SL-PRS physical structure were agreed, which includes fully/partially staggered and unstaggered SL-PRS patterns [1]. Figure 2 illustrates examples of potential SL-PRS patterns in frequency. 
Note that all these SL-PRS patterns can offer good flexibility for the support of multiplexing multiple SL-PRS transmissions in the same time instance. However, among these SL-PRS patterns, fully staggered SL-PRS pattern can deliver better positioning estimation accuracy by aggregating estimated channels in frequency. Further, this option can also maximally reuse the DL-PRS design and thereby simplify UE receiver implementation. In our view, it is more desirable to consider fully staggered patterns for SL-PRS design as a starting point. 
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[bookmark: _Ref110422024]Figure 2. Potential SL-PRS patterns in frequency.
Proposal 8: 
· DL-PRS structure including fully staggered pattern can be considered as a starting point for SL-PRS.

Like SL communication, when a SL-PRS is transmitted in a dedicated SL-PRS resource pool, AGC and guard symbols need to be inserted before and after SL-PRS transmission to allow proper operation at the UE side, respectively. Further, if multiple SL-PRS transmissions from different UEs are allocated in different time within a dedicated SL-PRS resource pool, additional AGC and Tx-Rx switching time needs to be included as illustrated in Figure 3. 
[image: ]
[bookmark: _Ref110425593]Figure 3. AGC and Tx-Rx turnaround symbols for SL-PRS transmissions.
As mentioned above, DL-PRS structure can be considered as a starting point for SL-PRS design. However, certain comb size options as defined for DL-PRS may not be supported for SL-PRS, especially when considering the allocation of AGC, Tx-Rx turnaround symbols and associated PSCCH for SL-PRS transmission. For instance, assuming fully staggered pattern, comb size of 12 may not be supported for SL-PRS as the number of symbols allocated for SL-PRS transmission would be less than 12 when the SL-PRS is multiplexed with PSCCH in a TDM manner. 
Proposal 9: 
· Support AGC and guard symbol for Tx-Rx turnaround time for a SL-PRS transmission in a dedicated SL-PRS resource pool.
· Multiple AGC and guard symbols can be considered if SL-PRS transmissions from different UEs are multiplexed in a TDM manner. 

Discussions on SL-PRS resource pool
At the RAN1#109-e meeting, it was agreed to study the following two options for SL positioning resource configuration [1]:
· Option 1: dedicated resource pool for SL-PRS
· Option 2: shared resource pool with sidelink communication
For Option 1 with dedicated resource pool for SL-PRS, efficient multiplexing of SL-PRS transmission from multiple UEs can be achieved, especially when considering that SL-PRS transmissions are not accompanied by PSSCH transmissions. With such a clear resource portioning and decoupling of the transmission between SL positioning and SL communication, backward compatibility can be easily ensured. This option, however, may lead to degraded spectrum efficiency for SL communication given that certain amount of resource needs to be allocated for SL-PRS. 
On the other hand, for Option 2 with shared resource pool with sidelink communication, SL-PRS transmission may be multiplexed with PSSCH in a slot, which is analogous to CSI-RS transmission in the SL communication as defined in Rel-16. In this case, dedicated SL-PRS resource pool is not needed, which can help improve spectrum efficiency and alleviate the congestion issue for SL communication, at least for scenarios when BW requirements for SL positioning and SL communications may be comparable. 
Based on the discussions above and considering the design trade-off between spectrum efficiency, congestion and positioning accuracy, in our view, both Option 1 with dedicated resource pool for SL-PRS and Option 2 with shared resource pool with sidelink communication can both be considered for SL positioning. 
Proposal 10: 
· Both dedicated resource pool for SL-PRS transmission and shared resource pool for SL-PRS and SL communication should be considered for SL positioning.

For dedicated resource pool for SL-PRS, it is more appropriate to multiplex SL-PRS resource pool and SL communication resource pool in a TDM manner. Note that if SL-PRS and SL communication resource pool are multiplexed in a FDM fashion, this may result in degraded positioning performance due to the potential narrow bandwidth allocated for SL-PRS transmission. In addition, if the number of symbols for SL-PRS and SL communication resource pool is different or if multiple SL-PRS transmissions from different UEs are multiplexed in a TDM manner in the SL-PRS resource pool, Rx power variation for SL communication can be expected. This may lead to backward compatibility issue for legacy UE for SL communication. 
To enable flexible resource allocation, e.g., for mode-1 and mode-2 SL-PRS resource allocation and support aperiodic triggering and semi-persistent scheduling of SL-PRS, it is more desirable to allow dynamic scheduling of the SL-PRS transmission when a dedicated resource pool is (pre-)configured for SL-PRS. Towards this direction, a PSCCH can be associated with a SL-PRS transmission in the same SL-PRS resource pool, where SCI carried by the PSCCH can be used to schedule the SL-PRS transmission. 
As defined in Rel-16, PSCCH and PSSCH can be multiplexed in a same symbol for SL communication. However, given that different SL-PRS resources in a SL-PRS resource pool may be (pre-)configured with different comb offsets in frequency, multiplexing SL-PRS and PSCCH transmission in a same symbol may not be preferred. This is primarily since in the case that PSCCH and SL-PRS are allocated in the same symbol, the number of PRBs for SL-PRS transmission can be limited, which would have adverse impact on the positioning performance. 
To address this issue, PSCCH and SL-PRS transmission can be multiplexed in a TDM manner in a dedicated SL-PRS resource pool. Figure 4 illustrates one example of multiplexing of PSCCH and SL-PRS in a dedicated SL-PRS resource pool. In the figure, as transmission bandwidth of PSCCH and SL-PRS can be generally different, a AGC symbol may need to be inserted between PSCCH and SL-PRS. 
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[bookmark: _Ref110328338]Figure 4. Multiplexing of PSCCH and SL-PRS in a dedicated SL-PRS resource pool.
Proposal 11: 
· For dedicated resource pool for SL-PRS, 
· SL-PRS resource pool and SL communication resource pools can be multiplexed in a TDM manner.
· Support multiplexing of PSCCH and SL-PRS transmission in a TDM manner, i.e., PSCCH is used to schedule SL-PRS transmission in the resource pool.

For shared resource pool for SL-PRS and SL communication, SL-PRS transmission can be associated with PSSCH and occupies same BW for PSSCH. Note that for this option, a new 2nd stage SCI format with SL-PRS scheduling may need to be introduced to ensure backward compatibility. Figure 5 illustrates one example of multiplexing of PSSCH and SL-PRS in a shared resource pool. Note that the SL-PRS is only present in OFDM symbols without PSCCH or PSSCH DMRS.
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[bookmark: _Ref110335514]Figure 5. Multiplexing of PSSCH and SL-PRS in a shared resource pool.
Proposal 12: 
· For shared resource pool for SL-PRS and SL communication, 
· SL-PRS transmission is associated with PSSCH and occupies same BW as the PSSCH.

Discussions on SL-PRS resource allocation 
During RAN1#109-e it was agreed to study both dedicated and shared resource pools as well as scheme 1 and scheme 2 resource allocation for both cases [1]. Due to backward compatibility the situation in a shared resource pool regarding resource allocation is mostly clear except for specific restrictions for double-sided RTT. However, for a dedicated resource pool both scheme-1 and scheme-2 need to be defined. In addition, for all resource pool configuration the handling of the message report needs to be defined. 
Shared Resource pool
In the case of shared resource pool, the requirement of backward compatibility is limiting the possibilities of the resource allocation for positioning. For both scheme-1 and scheme-2 periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are possible without any changes to current resource allocation schemes. This does allow the use of all Rel-16/17 features regarding resource allocation. 
Proposal 13: 
· For a shared resource pool, periodic, aperiodic, and semi-persistent transmissions of SL-PRS are supported for both resource allocation schemes 1 and 2. 

Scheme-1
For the case of scheme-1 operation in a shared resource pool the existing methods can be reused for resource allocation. More specifically, the same design of the NR DCI scheduling periodic, aperiodic, or semi-persistent transmissions containing SL-PRS as defined for Rel-16 can be reused. 
Proposal 14: 
· [bookmark: _Hlk110946120]For SL-PRS transmissions in a shared resource pool using scheme-1, the same resource allocation via DCI signaling is considered for transmissions containing SL-PRS as the starting point.
· Study the definition DCI formats including related SL-PRS signaling. 

Scheme-2
For the case of scheme-2 operation in a shared resource pool, the same resource allocation procedure defined for SL communication in Rel-16/17 are also applicable to SL-PRS transmissions. However, as shown in the description for the double-sided RTT based ranging method, using the resource allocation defined for SL communication could lead to long time gaps that may introduce significant ranging errors. Thus, it is worthwhile to study if enhancements are necessary for this case. 
Proposal 15: 
· For SL-PRS transmissions in a shared resource pool using scheme-2, reuse of the resource allocation methods defined for SL communication for single shot transmissions is considered as the starting point.
· Study if a resource allocation enhancement for double-sided RTT is necessary.

Dedicated resource pool
For a dedicated resource pool, the same functionality as for a shared resource pool should be supported. This means that both periodic, aperiodic, and semi-persistent transmissions of SL-PRS resource are supported for scheme-1 and scheme-2. 
Proposal 16: 
· For SL-PRS transmissions in a dedicated resource pool periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are supported for both resource allocation schemes 1 and 2. 

Scheme-1
For scheme-1 operation in a dedicated resource pool the resource allocation should be defined in a similar way as for mode-1 SL communication. This indicates that the SL-PRS transmissions are scheduled via the DCI. In this case, a new DCI format may need to be defined for SL-PRS resource allocation. 	
Proposal 17: 
· For SL-PRS transmissions in a dedicated resource pool using scheme-1 resource allocation, study the use of DCI signaling for SL-PRS resource allocation. 

Scheme-2
In the case of a dedicated resource pool and UE-autonomous resource selection (scheme-2), the main target is to avoid colliding transmissions as for the shared resource pool periodic as well as aperiodic and semi-persistent transmissions should be enabled. This also indicates that a sensing procedure for positioning resource needs to be established. In the same way as for SL communication, the reserved SL-PRS resource will need to be signalled in order to use them for sensing.  	
Proposal 18: 
· Study the definition of scheme-2 resource allocation for periodic, aperiodic, and semi-persistent SL-PRS transmission in a dedicated resource pool. This procedure comprises of sensing, resource exclusion, and resource selection. 

Discussions on procedure for SL positioning
SL-PRS power control and congestion control
During RAN1#109-e power control was agreed to be studied. At this stage for a shared resource pool, it is clear that to avoid a transient time within the slot the power and PSD of the OFDM symbols with SL-PRS and the one with only PSSCH or PSCCH need to be the same. Thus, for a shared resource pool, the power control of the SL-PRS needs to follow the PSSCH power. In a dedicated resource pool, the power control for SL-PRS transmission can follow the same open loop power control principles as SL communication. However, the physical structure of the SL-PRS transmissions in a dedicated resource pool needs to be defined first to determine the SL-PRS power control mechanism. 
Proposal 19: 
· For SL-PRS transmissions in a shared resource pool, the power control mechanism of the PSSCH transmission associated with the SL-PRS transmission is used. 
· For SL-PRS transmissions in a dedicated resource pool, the power control mechanism follows the open loop power control principles of the power control for SL communication.
	
In addition to power control, congestion control mechanism needs to be studied at least for the operation in ITS bands. For a shared resource pool, the measures and definitions of SL communication would apply. In particular, CBR can be measured in the same way as for Rel-16/17 SL communication and the same CR limits can apply. For a dedicated resource pool this study needs to be deferred till it is clear how the physical structure of such a resource pool is designed. 
Proposal 20: 
· Congestion control for SL positioning in a shared resource pool follows the congestion control measures and definitions of SL communication.
· Study if congestion control is necessary for SL positioning in a dedicated resource pool.

Intra-UE prioritization involving SL-PRS transmissions
For SL communication, various intra-UE prioritization mechanisms were defined. They manage the handling of transmission and reception on the PC5 and Uu in one device. For SL positioning, further study is needed on how to include SL positioning transmission/reception into the SL intra-UE prioritization framework.
Proposal 21: 
· Study how to include SL positioning transmission/reception into the SL intra-UE prioritization framework. 

Beam management 
The topic of including FR2 beamforming-based positioning solution for SL position was discussed. As the discussion for the topic of FR2 beam management has not even started for SL communication in FR2, we do not see a need to start discussions on this topic till a solution for beam management is agreed. 
Proposal 22: 
· Deprioritize SL positioning discussions related to FR2 beam management till this feature is defined for SL communication.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed potential solutions for sidelink positioning. Further, we summarize the proposals as follows:
Proposal 1: 
· The definition of the measure SL UE Rx – Tx time difference for double-sided RTT follows the definition for “UE Rx – Tx time difference” for Uu positioning.
· The definition of the measure SL Relative Time of Arrival for single-sided RTT follows the definition for “UL RToA” for Uu positioning.
· Study the need and means to ensure that reception and transmission occasions for double-sided RTT are sufficiently close in time.
Proposal 2: 
· The definition of the measure SL Angle of Arrival (SL-AoA) follows the definition for UL AoA for Uu positioning.
Proposal 3: 
· Study if SL-TDOA is defined based on UL-TDOA, or DL-TDOA or both. 
Proposal 4: 
· Study the definition of the measure SL Relative Time of Arrival (SL RToA) for UL-TDOA-like SL-TDOA.
· Study the definition of the measure SL RSTD for DL-TDOA-like SL-TDOA.
Proposal 5: 
· Study the definition of the measure SL PRS-RSRP and SL PRS-RSRPP for SL-AoD.
Proposal 6: 
· Pseudo-random sequence is preferred for SL-PRS design.
Proposal 7: 
· Specification support of up to 100 MHz and 400 MHz SL-PRS transmission bandwidths for FR1 and FR2 should be considered for SL positioning, respectively. 
· RAN1 should also study the performance for SL positioning in limited bandwidth scenarios, e.g., up to 20 MHz.
Proposal 8: 
· DL-PRS structure including fully staggered pattern can be considered as a starting point for SL-PRS.
Proposal 9: 
· Support AGC and guard symbol for Tx-Rx turnaround time for a SL-PRS transmission in a dedicated SL-PRS resource pool.
· Multiple AGC and guard symbols can be considered if SL-PRS transmissions from different UEs are multiplexed in a TDM manner. 
Proposal 10: 
· Both dedicated resource pool for SL-PRS transmission and shared resource pool for SL-PRS and SL communication should be considered for SL positioning.
Proposal 11: 
· For dedicated resource pool for SL-PRS, 
· SL-PRS resource pool and SL communication resource pools can be multiplexed in a TDM manner.
· Support multiplexing of PSCCH and SL-PRS transmission in a TDM manner, i.e., PSCCH is used to schedule SL-PRS transmission in the resource pool.
Proposal 12: 
· For shared resource pool for SL-PRS and SL communication, 
· SL-PRS transmission is associated with PSSCH and occupies same BW as the PSSCH.
Proposal 13: 
· For a shared resource pool, periodic, aperiodic, and semi-persistent transmissions of SL-PRS are supported for both resource allocation schemes 1 and 2. 
Proposal 14: 
· For SL-PRS transmissions in a shared resource pool using scheme-1, the same resource allocation via DCI signaling is considered for transmissions containing SL-PRS as the starting point.
· Study the definition DCI formats including related SL-PRS signaling. 
Proposal 15: 
· For SL-PRS transmissions in a shared resource pool using scheme-2, reuse of the resource allocation methods defined for SL communication for single shot transmissions is considered as the starting point.
· Study if a resource allocation enhancement for double-sided RTT is necessary.
Proposal 16: 
· For SL-PRS transmissions in a dedicated resource pool periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are supported for both resource allocation schemes 1 and 2. 
Proposal 17: 
· For SL-PRS transmissions in a dedicated resource pool using scheme-1 resource allocation, study the use of DCI signaling for SL-PRS resource allocation. 
Proposal 18: 
· Study the definition of scheme-2 resource allocation for periodic, aperiodic, and semi-persistent SL-PRS transmission in a dedicated resource pool. This procedure comprises of sensing, resource exclusion, and resource selection. 
Proposal 19: 
· For SL-PRS transmissions in a shared resource pool, the power control mechanism of the PSSCH transmission associated with the SL-PRS transmission is used. 
· For SL-PRS transmissions in a dedicated resource pool, the power control mechanism follows the open loop power control principles of the power control for SL communication.
Proposal 20: 
· Congestion control for SL positioning in a shared resource pool follows the congestion control measures and definitions of SL communication.
· Study if congestion control is necessary for SL positioning in a dedicated resource pool.
Proposal 21: 
· Study how to include SL positioning transmission/reception into the SL intra-UE prioritization framework. 
Proposal 22: 
· Deprioritize SL positioning discussions related to FR2 beam management till this feature is defined for SL communication.
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