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Introduction
[bookmark: _Hlk525462591]At RAN#94, a new study item “Study on expanded and improved NR positioning” (FS_NR_pos_enh2) was approved [1]; the WID was updated in [2].
In this contribution, we outline key design aspects of sidelink (SL) positioning (including ranging), indicate potential key problems, and discuss possible approaches to tackle these problems.
Discussion
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Positioning methods and measurements
In the previous RAN1 meetings, the following agreements have been reached regarding the positioning techniques and measurement reports for SL positioning. This sub-section discusses our views on techniques and measurements perspective for SL positioning.
	Agreement (RAN1#109)
With regards to the Positioning methods supported using SL measurements study further the following methods:
o	RTT-type solutions using SL
	Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
o	SL-AoA
	Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
o	SL-TDOA
o	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:
o	Definition(s) of the corresponding SL measurements for each method
o	Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
o	For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
o	Per-panel location, if UE uses multiple panels. 
o	UE’s mobility, especially for V2X scenarios
o	Impact of synchronization error(s) between UEs
o	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 (RAN1#110)
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above



	Agreement (RAN1#110bis)
From the potential candidate Positioning methods using at least SL measurements, at least the following should be introduced:
RTT-type solution(s) using SL
SL-AoA
SL-TDOA
FFS: SL-AoD

Agreement (RAN1#110bis)
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements are considered:
· SL Rx-Tx measurement
· SL RSTD measurement
· SL RSRP measurement
· SL RSRPP measurement 
· SL RTOA measurement
· SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· Companies are encouraged to study other measurements (e.g., time difference of arrival of 2 SL-PRS transmitted at 2 different times from the same anchor) and provide their analysis into why they are needed in light of the above measurements. 
· Companies are encouraged to study potential enhancements, such as SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement
FFS any additional measurements


[bookmark: Proposal80712][bookmark: Proposal7223]Deploying time or angle-based positioning method for SL positioning is expected to be both use-case dependent (e.g. V2X, IIoT, etc.) and UE-capability dependent (e.g. whether/to whom the SL UEs are synchronized, whether the SL UEs share a common coordinate system, number of UE antennas, whether the UE is RedCap, XR, LPHAP, etc.). 
One of the most promising use cases of the SL positioning would be V2X positioning, and the size of vehicle type UEs would be relatively larger than the smartphone or tablet type UEs. There may be a couple of points we should consider. The first one is that the location of Tx/Rx antenna at the vehicle. Depending on the location of the receive antenna panel at the vehicle, the estimated location would be different. For example, if the receive antenna is at the rear side of the vehicle UE, the estimated location of this UE would be there. Thus, even if the UE has a single antenna panel, the location of the antenna panel may affect the location estimation of the UE. Also, the vehicle UE may be equipped with multiple antenna panels. For example, vehicle UEs may have one antenna panel on both the front and back bumpers. Even in the same UE, LoS/NLoS conditions of wireless channel to another UE and/or positioning measurement may be different at different antenna panels. 
[bookmark: Proposal98257][bookmark: Proposal38114][bookmark: Proposal39481][bookmark: Proposal8057][bookmark: Proposal62268][bookmark: Proposal19207][bookmark: Proposal88500][bookmark: Proposal80713][bookmark: Proposal7224][bookmark: Proposal85167]Proposal 1: RAN1 to introduce LoS/NLoS indicator for positioning measurement per ARP for sidelink positioning
In the previous meeting, RAN1 discussed an issue on the time difference of arrival of 2 SL-PRS transmitted at 2 different times from the same anchor. This might be a modified TDOA technique, but the benefit of this technique is unclear compared to TDOA using RSTD measurement. In the case of the RSTD measurement, the time sync between the receiver and transmitter is cancelled as the target UE measures multiple RSs at the similar time, but the consistency of the time synch error over two different time slots may not be guaranteed between the transmitter and the receiver. Also, the Rx TEG-related timing error at the target UE might not be the same at two different time slots. In addition, at the two different time slots, the UE can measure two RSTD measurements separately, and it is unclear that the Rx-Rx time difference-based positioning could be better than the TDOA technique using measurements obtained at the two different time slots. Thus, we propose to focus on the currently supported measurements for SL positioning.
[bookmark: Proposal98258][bookmark: Proposal38115]Proposal 2: Deprioritize Rx-Rx time different measurement for SL positioning since its benefit over RSTD measurement is unclear.

SL-TDOA
With regards to SL-TDOA positioning method, the following is agreed in the last meeting: 
	Agreement (RAN1#110bis)
With regards to SL-TDOA positioning method for SL-only positioning,
· It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
· Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.



SL-TDOA technique is one of the efficient positioning methods as it does not need two-way signal transmissions between transmitter and receiver. Rel-16/17 NR positioning supports two types of TDOA techniques such as DL-TDOA and UL-TDOA. SL-TDOA may be implemented with the similar concept and principle of DL-TDOA and UL-TDOA, which is illustrated in Figure 1.  
[image: ]	     [image: ]
[bookmark: _Ref114819971]Figure 1 - An illustrative example of DL-TDOA-like operation (left) and UL-TDOA-like operation (right)
[bookmark: Proposal39482][bookmark: Proposal8058][bookmark: Proposal80714][bookmark: Proposal7225][bookmark: Proposal62269][bookmark: Proposal19208][bookmark: Proposal88501][bookmark: Proposal85168]In DL-TDOA-like operation, the target UE estimates RSTD measurement from SL positioning reference signals transmitted by different anchor UE. UL-TDOA-like operation is that the target UE transmits SL-PRS to the multiple anchor UEs, and the anchor UEs measure RTOA similar to UL-TDOA. Both operation will be introduced for sidelink positioning based on the current agreement, so we provide further detailed view to support them.
The target UE should report SL RSTD measurement including at least time stamp(s), and information on anchor UEs and SL PRSs to support DL-TDOA-like operation for UE-assisted positioning, while the anchor UEs need to report SL RTOA measurement to support UL-TDOA-like operation. The time stamp information implies when the target UE measured the SL RSTD measurement for specific SL PRS transmitted from anchor nodes. The time stamp(s) would be helpful to obtain the target UE location and to assess the validity of location information of anchor UE(s). The unit/entity computing the UE location (e.g., LMF) may know time synchronization difference between synch sources of anchor UEs such as cells/TRPs as it can provide information on RTD, so it may compensate for synchronization errors for a specific RSTD measurement to two different cells. Specifically, knowledge about the synchronization sources for each anchor UE may be used to compensate for time synchronization error included in SL RSTD measurement. This would be similar in UL-TDOA-like operation: the anchor UE needs to report synchronization sources such as GNSS, gNB, or a specific cell ID for both cases. 
For DL-TDOA-like operation, a reference timing is critical to provide an accurate SL RSTD measurement, which should be determined and reported by the target UE. A static anchor UE close to the target UE could be used as a good reference for the SL RSTD calculation. 
	[bookmark: Proposal98259][bookmark: Proposal38116][bookmark: Proposal39483][bookmark: Proposal8059][bookmark: Proposal80715][bookmark: Proposal7226][bookmark: Proposal62270][bookmark: Proposal19209][bookmark: Proposal85169][bookmark: Proposal88502]Proposal 3: With regards to SL-TDOA positioning method for SL-only positioning, support of the following feature is recommended for normative work
· For DL-TDOA-like operation, the target UE should report at least SL RSTD measurement(s) with anchor UE ID, a reference for SL RSTD, time stamp(s), and anchor UE should report synchronization source information such as GNSS or cell ID.
· For UL-TDOA-like operation, the anchor UEs should report at least SL RTOA measurement(s) with target UE ID, time stamp(s), and the target UE and anchor UEs should report synchronization source information such as GNSS or cell ID.




SL-AoA
With regards to SL-AoA positioning method, the following is agreed in the last meeting: 
	Agreement (RAN1#110bis)
For the study of SL-AoA positioning method, 
· Both SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement should be included 
· FFS: Definition of the measurements
· Study further whether other measurements can be applicable
· Study further the frame of reference (LCS or GCS)


SL-AoA positioning technique will be introduced based on the agreement. For the measurement definition of SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA), the already defined UL AoA would be a good starting point for the discussion, but the detailed definition needs to be discussed in WI phase when we discuss the definition on the identified positioning measurements for SL PRS. For the study on other measurements for AoA positioning technique, RSRP measurement would be helpful, but it is not essential. 
The vehicle UE may be able to measure both horizontal and vertical angle. However, it should be noted that the angle measurement from the target UE would depend on the location of the equipped antennas, especially if the target UE is close to the anchor UE. As illustrated in Figure 2, the angle measurement from Rx antenna panel #1 and #2 would not be the same. Also, the angle measurement at a specific antenna panel would depend on the antenna panel transmitting SL PRS.
For the positioning accuracy, the entity calculating the positioning estimate (e.g., LMF) needs antenna panel location information of angle measurement(s), and the target UE should report angle measurement including receive antenna information. At the starting point, we could try to reuse the existing concept of Antenna Reference Point (ARP) information. That is, the target UE reports ARP ID when it reports angle measurements. In addition, we also need to consider different angle measurement depending on the transmission antenna of anchor UE. To address this issue, it may be necessary to exchange antenna panel information between target UE and anchor UEs, and the target UE needs to know which antenna panel is used to transmit specific SL PRS resource(s).
[bookmark: Proposal39485][bookmark: Proposal8061][bookmark: Proposal62272][bookmark: Proposal19211][bookmark: Proposal88503][bookmark: Proposal80718][bookmark: Proposal7229][bookmark: Proposal85171][bookmark: Proposal98260][bookmark: Proposal38117]Proposal 4: In normative work, SL-AoA positioning should take into account the geometric location of the antenna panels of the target UE and anchor UEs, and any necessary exchange of related information between the UEs and/or between the UEs and the network.
[image: ]
[bookmark: _Ref114759356]Figure 2 - An illustrative example of angle measurement among UEs.

SL-RTT
With regards to SL-RTT positioning method, the following is agreed in the last RAN1 meeting: 
	Agreement (RAN1#110bis)
· With regards to the RTT-type solutions using SL, down-select between the following 2 alternatives: 
· Alt. 1: it corresponds to a single-sided RTT method
· Alt. 2: it may correspond to either a single-sided or double-sided RTT method
· With regards to the double-sided RTT, 
· companies are encouraged to analyze and evaluate the effect in performance for the single-sided SL RTT due to clock drift
· Study the order of the SL-PRS transmissions for double-sided RTT
· Study the impact of UE mobility
· FFS study whether there is or what is the spec impact of double-sided RTT method
· Note: the above may correspond to RTT with one or multiple devices



RTT technique requires two-way RS transmission and reception, which is less efficient and resulting in more latency than other techniques, but RTT technique is robust to time synchronization between the transmitters and the receivers. When tight time synchronization is not guaranteed, RTT would be a preferred alternative for SL positioning. 
Both single sided and so called double sided RTT have been proposed as solutions for SL positioning. As SL RTT is a combination of absolute time measurements from two UEs the error associated with clock drift should be independent of the synchronization sources in our understanding. For a given UE that UE should have a maximum clock drift of 0.1 ppm according to RAN4 specifications. As such it is easy to calculate the maximum error coming from clock drift in single-sided RTT. 

where  is the time gap between the SL PRS reception from the initiating UE and the SL PRS transmission from the other UE, and RTT is the true RTT between the UEs. The 2nd term is dominated by  for reasonable distances between the UEs. Therefore .
Therefore, for reasonable values of  (e.g., a few ms), the value of  is on the order of 0.1 ns (or 3 cm) of error. In our understanding double sided RTT is only relevant for high accuracy use cases and therefore the gap between SL PRS transmissions should not be very large. If a UE is mobile and  is large, then clearly the UE location estimation will have errors due to the UE mobility. 
[bookmark: Obs92141][bookmark: Obs47385][bookmark: Obs89922][bookmark: Obs39123][bookmark: Obs74026][bookmark: Obs94461][bookmark: Obs85422][bookmark: Obs9209][bookmark: Obs18626]Observation 1: The worst-case error for single sided SL RTT due to clock drift is on the order of 0.1 ns. 
Given the requirements for V2X positioning and IIoT positioning even for Set B are on the order of 10s of cms, it is not clear that clock drift for SL RTT is an important factor. It is also possible to minimize this error further by having fast responses between the SL PRS transmissions (i.e., minimize T_gap). In addition, there is still an impact of clock drift on two-sided RTT as this error can’t be completely removed. In the current phase, therefore, it would be reasonable to support single-sided SL RTT first, and we could discuss this issue further later in case the single-sided RTT is not enough to achieve the requirement, or the use-case is clarified to support double-sided RTT. In our understanding the double-sided RTT would require a use case where the UE is not mobile, very high accuracy is still needed, and high latency (more than 1 second) is acceptable. Such a use case is not clear to use at the moment. 
[bookmark: Proposal80721][bookmark: Proposal7232][bookmark: Proposal62274][bookmark: Proposal19213][bookmark: Proposal85173][bookmark: Proposal39487][bookmark: Proposal8063][bookmark: Proposal98261][bookmark: Proposal38118]Proposal 5: Only support single-sided SL RTT (vs double-sided RTT).
RSRP and RSRPP measurements
While we are in favour of deprioritizing the AoD method, we see that the related measurements RSRP and RSRPP can be also utilized in other methods. For example, RSRP and RSRPP for the first path of SL PRS are useful to identify if the first path is dominant or not. In particular, RSRP and RSRPP measurements can be introduced for SL-TDOA, SL-AoA, SL-RTT methods.
[bookmark: Proposal98262][bookmark: Proposal38119]Proposal 6: Support SL PRS RSRP and SL PRS RSRPP measurements at least for SL-TDOA, SL-AoA, and SL-RTT methods.
SL PRS design 
In the recent RAN1 meetings, the following agreements have been reached regarding SL positioning reference signal (SL PRS). In this sub-section, we provide our view on remaining aspects of SL PRS.
	Agreement (RAN1#109)
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 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
o	Any relation to the comb-N option
o	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 (RAN1#110)
A new reference signal should be introduced for supporting SL positioning/ranging.
Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
· Alt. 2: ZC-based (SRS sequence as a starting point)

Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N
Agreement
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
· FFS: single symbol SL-PRS, if supported




	Agreement (RAN1#110bis)
For the sequence of the new reference signal for SL positioning/ranging, use
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.



Frequency domain pattern 
The following agreement was made in the last RAN1 meeting:
	Agreement (RAN1#110bis)
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose



SL positioning will be employed for different use cases with very different requirements. Hence different number of symbols (M) of SL-PRS and different comb structures (Comb-N) of SL PRS should be supported, and be flexibly configured and used to adapt to different scenarios. Both 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) and 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) should be supported. The benefit of unstaggered SL-PRS pattern is not clear. With fully staggered SL-PRS pattern, the number of symbols (M) of SL-PRS is: 1, 2, 4, 6, 8, 12. With partial staggered SL-PRS pattern, other number of symbols (M: 1~12) such as 3 can be also supported if needed to provide flexibility to multiplex SL-PRS transmissions from multiple UEs in dedicated SL-PRS resource (e.g., SL-PRS slot) or multiplex SL-PRS transmissions with other sidelink channels. Depending on application scenario, gNB can adaptively configure a subset of N and M from the whole set specified.  
	[bookmark: Proposal62276][bookmark: Proposal19215][bookmark: Proposal85175][bookmark: Proposal88509][bookmark: Proposal39489][bookmark: Proposal8065][bookmark: Proposal80725][bookmark: Proposal7236][bookmark: Proposal38120]Proposal 7: Support the following parameters of SL-PRS structures: 
· The number of symbols (M) of SL-PRS: 1, 2, 4, 6, 8, 12. Other values of M (1~12) can also be considered depending on resource allocation and SL-PRS multiplexing to be agreed. 


[bookmark: Proposal88511][bookmark: Proposal39491][bookmark: Proposal8067][bookmark: Proposal80727][bookmark: Proposal7238][bookmark: Proposal62278][bookmark: Proposal19217][bookmark: Proposal85177][bookmark: Proposal98264][bookmark: Proposal38121][bookmark: _Hlk115276311]Proposal 8: Support fully staggered SL-PRS pattern and partially staggered SL-PRS pattern. Don’t support unstaggered SL-PRS pattern.  
[bookmark: Proposal39492][bookmark: Proposal8068][bookmark: Proposal80728][bookmark: Proposal7239][bookmark: Proposal62279][bookmark: Proposal19218][bookmark: Proposal85178][bookmark: Proposal98265][bookmark: Proposal38122]Proposal 9: Consider (pre-)configuring a subset of N and M from the whole set specified.  

Time domain pattern 
The following agreements were made in the last RAN1 meeting:
	Agreement (RAN1#110bis)
Study further the granularity of time-domain resource allocation for SL-PRS transmission.


	Agreement (RAN1#110bis)
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.



The transmission of the SL-PRS within the defined SL slot format-like structure will allow for coexistence of SL-PRS with other non-positioning related SL transmissions within the same resource pool. In addition, it is noted that a SL-PRS transmission may be accompanied with positioning meta-data (e.g., the SL-PRS transmission at anchor UE along with known UE position, Rx-Tx time for RTT). Such combination of the SL-PRS and the positioning meta-data can reduce the need for additional signalling exchanges between a target UE and an anchor UE, especially if both pieces of information can be sent up front. In this regard, considering the current SL slot format, some symbols e.g., which currently carries PSSCH, DMRS and/or PSFCH, can be used for SL-PRS transmissions and the remaining PSSCH symbols can be used for transmitting positioning meta-data. 
	[bookmark: Proposal8069][bookmark: Proposal80729][bookmark: Proposal7240][bookmark: Proposal62280][bookmark: Proposal19219][bookmark: Proposal39493][bookmark: Proposal85179][bookmark: Proposal38123]Proposal 10: To enable backward compatibility in terms of slot design, SL PRS can be transmitted via one or more of the following:
· In PSSCH, e.g., if an accompanying positioning meta-data will be sent in the same slot
· In PSFCH, using remaining resources from legacy SL transmissions, depending on the size of SL PRS
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for SL PRS, accompanied with AGC and guard symbols.


[bookmark: Proposal5547][bookmark: Proposal29326]Similarly, control information associated with SL PRS (such as indicating its resource allocation or configuration parameters) can make use of existing PSFCH or PSCCH resources. In case the transmitter of SL-PRS does not have any meta-data to transmit, a (mini-)slot that only consists of a dedicated set of resources for transmitting the control information associated with SL-PRS can be introduced, so as to avoid wastage of PSSCH resources in the legacy slots.
	[bookmark: Proposal39494][bookmark: Proposal8070][bookmark: Proposal80730][bookmark: Proposal7241][bookmark: Proposal62281][bookmark: Proposal19220][bookmark: Proposal85180][bookmark: Proposal38124]Proposal 11: To enable backward compatibility in terms of slot design, control information associated with SL PRS can be transmitted via one or more of the following:
· Using SCI (PSCCH and/or PSSCH), e.g., in case SL PRS will be transmitted in associated PSSCH together with positioning meta-data in the same slot
· In PSFCH, using remaining resources from legacy SL transmissions, depending on the size of the control information
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for control info. associated with SL PRS, accompanied with AGC and guard symbols.



SL-PRS cast types
The following agreement was reached in the last RAN1 meeting:
	Agreement (RAN1#110bis)
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



Utilization of different cast types for transmitting SL-PRS would depend on several factors, such as the selected positioning method, number of anchors, as well as number of target UEs that may benefit from a single anchor UE. Unicast SL-PRS transmissions would be useful when SL-RTT method is utilized between a single target UE and a single anchor UE. On the other hand, groupcast SL-PRS transmission would benefit positioning a target UE, when UL-TDOA-like SL-TDOA method is utilized. Broadcast SL-PRS transmissions would be useful, e.g., in a scenario where any target vehicular UE can benefit from SL-PRS transmitted by UE-type RSUs deployed along the road, using the DL-like SL-TDOA positioning method.
[bookmark: Proposal98268][bookmark: Proposal38125]Proposal 12: Introduce unicast, groupcast, and broadcast transmission of SL-PRS, where the cast type would depend on various factors such as the selected positioning method and the number of anchor UEs.
Resource allocation
Resource pools
[bookmark: Proposal5553][bookmark: Proposal29332]In the previous RAN1 meetings, the following agreements have been reached regarding SL resource pool usage for SL positioning, in particular for SL PRS transmissions.

	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



Using dedicated resource pool(s) may result in waste of the scarce SL resources if dedicated resource pools are utilized on demand, only when a request for positioning arises. Instead, using shared pools offers a more efficient alternative in terms of resource utilization. Nevertheless, a dedicated pool would allow transmission of SL PRS without any collisions with legacy transmissions, in case of sufficient number of dedicated resources. We therefore prefer to have the possibility of (pre-)configuring both dedicated and shared pools (also including either one of them) for SL PRS transmissions.

[bookmark: Proposal39495][bookmark: Proposal8071][bookmark: Proposal80734][bookmark: Proposal7245][bookmark: Proposal62282][bookmark: Proposal19221][bookmark: Proposal88516][bookmark: Proposal85181][bookmark: Proposal98269][bookmark: Proposal38126]Proposal 13: Support Alt. 2 (both dedicated and shared resource pool(s) with SL communication can be (pre-)configured for SL PRS transmissions). 

In addition, the bandwidth of SL PRS is discussed in the previous RAN1 meeting and the following is agreed: 
	Agreement (RAN1#110bis)
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)



Accuracy of positioning methods, especially the time-based ones, depend highly on the bandwidth of the transmitted reference signals. Given that different positioning requests may have different QoS requirements in terms of accuracy, the bandwidth of SL-PRS should be (pre-)configurable based on the accuracy requirements, irrespective of whether the resource pool for positioning is dedicated or shared. This means, the SL-PRS bandwidth is not necessarily equal to the size of the resource pool utilized.

[bookmark: Proposal98270][bookmark: Proposal38127]Proposal 14: For both dedicated and shared resource pools for SL positioning, the bandwidth of SL-PRS shall be (pre-)configurable, e.g., depending on positioning accuracy requirements, which can be same or smaller than that of the resource pool. 

Further, in order to accommodate SL PRS transmissions that occupy wide bandwidth, UEs could make use of multiple SL resource pools that share the same set of time resources. This could also include dedicated resource pools (pre-)configured for SL PRS, which may overlap with other SL resource pools. Network can (pre-)configure such resource pools, which UEs do not need to constantly monitor for their SL data transmissions, but only utilize when a need arises for transmitting/receiving a SL PRS with large bandwidth for a given positioning session by aggregating them. To enable such aggregation, additional cooperation among UEs that utilize these pools regularly is needed, namely to monitor and reserve SL resources in respective pools for the transmission of the SL PRS by aggregating the pools.  

[bookmark: Proposal7246][bookmark: Proposal62283][bookmark: Proposal19222][bookmark: Proposal88517][bookmark: Proposal80735][bookmark: Proposal85182][bookmark: Proposal98271][bookmark: Proposal38128][bookmark: Proposal39496][bookmark: Proposal8072]Proposal 15: Study transmission of SL PRS that occupy wide bandwidth over multiple SL resource pools, including mechanisms to enable resource pool aggregation. 

Nevertheless, given that the (pre-)configuration of SL resource pools are limited in frequency and time, additional mechanisms are necessary to accommodate SL PRS transmissions, while enabling efficient resource re-use by multiplexing SL PRS and legacy SL transmissions, as well as by multiplexing SL PRS transmitted by different UEs in vicinity.

	Agreement (RAN1#110bis)
For a dedicated resource pool for SL positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· Opt. 1: No other channel can be included beyond SL-PRS
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included
· FFS: Details
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above



In the case of dedicated resource pools for SL positioning, using other channels beyond SL-PRS would defragment the resources, which would result in reduced bandwidth or amount of resources for SL-PRS transmissions, even if such resources are dedicated. Instead, the control signaling associated with SL-PRS, as well as other positioning-related data can be transmitted in. This approach has also the benefit that, the UEs would not need to monitor the dedicated resource pool in addition to other resource pools they are configured with, so as to receive SL-PRS. We therefore propose that dedicated resource pool for SL positioning should not include any other channel or transmission beyond SL-PRS.

[bookmark: Proposal98272][bookmark: Proposal38129]Proposal 16: Dedicated resource pool for SL positioning should not include any other channel or transmission beyond SL-PRS. 


Multiplexing of SL PRS
In order to efficiently utilize SL resources and reduce channel congestion, SL PRS transmitted by multiple SL positioning anchors in vicinity can be also multiplexed using same time frequency resources, however occupying orthogonal sequences in code domain. To determine whether such resource re-use would be acceptable, additional mechanisms are necessary that would involve feedback from respective target UEs.

[bookmark: Proposal88519][bookmark: Proposal39498][bookmark: Proposal8074][bookmark: Proposal80737][bookmark: Proposal7248][bookmark: Proposal62285][bookmark: Proposal19224][bookmark: Proposal85183][bookmark: Proposal98273][bookmark: Proposal38130]Proposal 17: Study multiplexing of SL PRS transmitted by different UEs in vicinity in code domain, including additional mechanisms to determine whether such resource re-use would be acceptable.

In case of congested SL resource pools, it may not be possible for the UEs to find SL resources that are sufficiently wide enough in frequency domain so as to transmit a SL PRS occupying a large bandwidth. Under such cases, UEs can transmit a SL PRS that is segmented over different time resources, with (partial) overlap in frequency domain or connected with a contiguous set of resources in time domain that would enable successful reconstruction of the reference signal, as indicated in Figure 3.

[image: ]
[bookmark: _Ref114823922]Figure 3 - Transmission of SL PRS across segmented parts

[bookmark: Proposal88520][bookmark: Proposal39499][bookmark: Proposal8075][bookmark: Proposal80738][bookmark: Proposal7249][bookmark: Proposal62286][bookmark: Proposal19225][bookmark: Proposal85184][bookmark: Proposal98274][bookmark: Proposal38131]Proposal 18: Study SL PRS transmission over segmented parts in time domain, including any necessary mechanisms for resource allocation.
 
Resource Allocation: Scheme 1, Scheme 2, IUC 
[bookmark: Proposal5556][bookmark: Proposal29335]In the previous RAN1 meetings, the following agreements on resource allocation for SL positioning were reached:

	Agreement (RAN1#110)
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 (RAN1#110)
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 (RAN1#110bis)
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 (RAN1#110bis)
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



Since there is no central entity like LMF in out of coverage SL positioning/ranging scenarios, there is a need for a way to configure and trigger SL-PRS transmissions. In this regard, a straightforward way is to utilize inter-UE coordination (IUC) among peer UEs for SL positioning, i.e., enable, e.g., a target UE to configure or assist in configuration of SL-PRS transmission of, e.g., an anchor UE, by means of providing SL-PRS configuration assistance information to the anchor UE as per its preference. Here, the assistance information can include details corresponding to, e.g., SL-PRS generation (e.g., length of the sequence which determined based on the accuracy requirements) and the resources to be used for the SL-PRS transmission (e.g., slot, symbol and/or frequency, sub-channel). However, when multiple target UEs are involved with an anchor UE and are providing SL-PRS configuration assistance information to the anchor UE, there may be conflict in SL-PRS configuration (i.e., SL-PRS parameters indicated by the target UEs may be incompatible (or not preferred) for each other). Hence, avoidance or handling of any potential conflicts of SL-PRS configurations belonging to the UEs in vicinity needs to be studied. 
[bookmark: Proposal39500][bookmark: Proposal8076][bookmark: Proposal62287][bookmark: Proposal19226][bookmark: Proposal88522][bookmark: Proposal80740][bookmark: Proposal7251][bookmark: Proposal85185][bookmark: Proposal98275][bookmark: Proposal38132]Proposal 19: Study assistance and avoidance of conflicts for SL PRS configurations among peer UEs, including mechanisms based on inter-UE coordination (IUC). 
For example, a target UE may determine that a conflict of SL PRS configurations is occurring as there are overlapping resources used from different anchor UEs. In this case the target UE may request one or more anchor UEs to adapt or change their PRS configurations. As such a request may impact other target UEs also using the same SL PRS from anchor UEs it may be best to modify the SL PRS configurations as little as possible. One option is to introduce SL PRS muting similar to DL PRS which allows certain occasions of a periodic PRS to be muted. Another option is to have the SL PRS be FDM by use of comb offsets similar to in Uu positioning. Another option is to rely on CDM for overlapping resources by using appropriate SL PRS sequences. 

[bookmark: Proposal39501][bookmark: Proposal8077][bookmark: Proposal80741][bookmark: Proposal7252][bookmark: Proposal62288][bookmark: Proposal19227][bookmark: Proposal85186][bookmark: Proposal98276][bookmark: Proposal38133]Proposal 20: Study at least the following methods for SL PRS conflict avoidance: SL PRS muting, comb offset coordination, and SL PRS sequence selection.

Configuration/activation/deactivation/triggering of SL-PRS
In the previous RAN1 meetings, the following agreements have been reached:	
	Agreement (RAN1#110)
· 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 (RAN1#109)
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 (RAN1#110bis)
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



Continuous transmission of SL PRS by anchor UEs, as in legacy DL PRS transmissions, would highly occupy the SL resources, and may not be needed at all times since the UEs are expected to be mobile in most of the scenarios. Instead, SL PRS, which can be periodic or aperiodic, can be (pre-)configured by the network and can be activated based on presence of the intended receiver(s), location (e.g. area) of the anchor UEs, as well as over a certain time duration, which can be also (pre-)configured by the network.
[bookmark: Proposal39502][bookmark: Proposal8078][bookmark: Proposal80742][bookmark: Proposal7253][bookmark: Proposal62289][bookmark: Proposal19228][bookmark: Proposal85187][bookmark: Proposal98277][bookmark: Proposal38134]Proposal 21: (Pre-)configured SL PRS, which can be periodic or aperiodic, can be activated/deactivated based on indications coming from the higher layers, e.g., based on parameters that are (pre-)configurable by the network.
How a peer UE, e.g., target UE selects an appropriate SL-PRS configuration for each anchor UE, in particular when the UE is not aware of channel towards the anchor UE (e.g., in the initial stages of SL positioning session) remains as a key open question. While the target may always choose the most conservative SL-PRS configuration to ensure high SL-PRS reception quality, this may be resource inefficient and therefore may not scale well, e.g., in denser UE deployment scenarios. To this end, between peer UEs of SL positioning methods for tuning the SL-PRS configuration to the propagation and interference conditions particular to each target-anchor link need to be studied.
[bookmark: Proposal98278][bookmark: Proposal88523][bookmark: Proposal39503][bookmark: Proposal8079][bookmark: Proposal80743][bookmark: Proposal7254][bookmark: Proposal62290][bookmark: Proposal19229][bookmark: Proposal85188][bookmark: Proposal38135]Proposal 22: Study (re-)configuration of SL-PRS as per changing target-anchor link conditions.
Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have made the following observations and proposals related to potential solutions for SL positioning:
Proposal 1: RAN1 to introduce LoS/NLoS indicator for positioning measurement per ARP for sidelink positioning
Proposal 2: Deprioritize Rx-Rx time different measurement for SL positioning since its benefit over RSTD measurement is unclear.

	Proposal 3: With regards to SL-TDOA positioning method for SL-only positioning, support of the following feature is recommended for normative work
· For DL-TDOA-like operation, the target UE should report at least SL RSTD measurement(s) with anchor UE ID, a reference for SL RSTD, time stamp(s), and anchor UE should report synchronization source information such as GNSS or cell ID.
· For UL-TDOA-like operation, the anchor UEs should report at least SL RTOA measurement(s) with target UE ID, time stamp(s), and the target UE and anchor UEs should report synchronization source information such as GNSS or cell ID.



Proposal 4: In normative work, SL-AoA positioning should take into account the geometric location of the antenna panels of the target UE and anchor UEs, and any necessary exchange of related information between the UEs and/or between the UEs and the network.
Observation 1: The worst-case error for single sided SL RTT due to clock drift is on the order of 0.1 ns. 
Proposal 5: Only support single-sided SL RTT (vs double-sided RTT).
Proposal 6: Support SL PRS RSRP and SL PRS RSRPP measurements at least for SL-TDOA, SL-AoA, and SL-RTT methods.

	Proposal 7: Support the following parameters of SL-PRS structures: 
· The number of symbols (M) of SL-PRS: 1, 2, 4, 6, 8, 12. Other values of M (1~12) can also be considered depending on resource allocation and SL-PRS multiplexing to be agreed. 


Proposal 8: Support fully staggered SL-PRS pattern and partially staggered SL-PRS pattern. Don’t support unstaggered SL-PRS pattern.  
Proposal 9: Consider (pre-)configuring a subset of N and M from the whole set specified.  

	Proposal 10: To enable backward compatibility in terms of slot design, SL PRS can be transmitted via one or more of the following:
· In PSSCH, e.g., if an accompanying positioning meta-data will be sent in the same slot
· In PSFCH, using remaining resources from legacy SL transmissions, depending on the size of SL PRS
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for SL PRS, accompanied with AGC and guard symbols.



	Proposal 11: To enable backward compatibility in terms of slot design, control information associated with SL PRS can be transmitted via one or more of the following:
· Using SCI (PSCCH and/or PSSCH), e.g., in case SL PRS will be transmitted in associated PSSCH together with positioning meta-data in the same slot
· In PSFCH, using remaining resources from legacy SL transmissions, depending on the size of the control information
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for control info. associated with SL PRS, accompanied with AGC and guard symbols.


Proposal 12: Introduce unicast, groupcast, and broadcast transmission of SL-PRS, where the cast type would depend on various factors such as the selected positioning method and the number of anchor UEs.
Proposal 13: Support Alt. 2 (both dedicated and shared resource pool(s) with SL communication can be (pre-)configured for SL PRS transmissions). 

Proposal 14: For both dedicated and shared resource pools for SL positioning, the bandwidth of SL-PRS shall be (pre-)configurable, e.g., depending on positioning accuracy requirements, which can be same or smaller than that of the resource pool. 

Proposal 15: Study transmission of SL PRS that occupy wide bandwidth over multiple SL resource pools, including mechanisms to enable resource pool aggregation. 

Proposal 16: Dedicated resource pool for SL positioning should not include any other channel or transmission beyond SL-PRS. 

Proposal 17: Study multiplexing of SL PRS transmitted by different UEs in vicinity in code domain, including additional mechanisms to determine whether such resource re-use would be acceptable.

Proposal 18: Study SL PRS transmission over segmented parts in time domain, including any necessary mechanisms for resource allocation.
Proposal 19: Study assistance and avoidance of conflicts for SL PRS configurations among peer UEs, including mechanisms based on inter-UE coordination (IUC). 
Proposal 20: Study at least the following methods for SL PRS conflict avoidance: SL PRS muting, comb offset coordination, and SL PRS sequence selection.

Proposal 21: (Pre-)configured SL PRS, which can be periodic or aperiodic, can be activated/deactivated based on indications coming from the higher layers, e.g., based on parameters that are (pre-)configurable by the network.
Proposal 22: Study (re-)configuration of SL-PRS as per changing target-anchor link conditions.
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