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Introduction 
One of the study item objectives related to SL positioning listed in RP-213588  includes:
	
· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.




This contribution covers further considerations for possible solutions to enable SL positioning.


Further details on RTT-type solutions using SL
	
Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  




Report-free RTT 
NR Multi-RTT method relies on the UE Rx–Tx and gNB Rx–Tx time difference measurement to determine the round trip time between the TRP and UE. A second well popular approach, is to estimate the range from a single measurement report or even without reporting, when the reply-time is known at range determining device. Assuming for example UE1 as the range measurement device, the time of flight () for a signal propagationwith UE2 is:
 
.

UE1 needs only to have prior information on  to determine the time-of-flight  from the round trip delay. The range can also determine at a different node, such as the LMF, from a UE Rx–Tx measurement report of UE1 only. 

Hence, reporting-free RTT refers that at least one of the ranging devices is not required to report its measurements. Couple of advantages are coupled with this approach, such as:
· Support of SL-positioning with low SINR, due to the fact that only positioning RS needs to be detected. Hence reducing interference and allowing for low-Tx power configuration.
· Enable extremely low latency RTT which is essential for the V2X and industrial SL positioning use-cases
· Reduce the signaling overload especially when large number of devices (responders) are participating the SL-positioning action. 

Proposal 1: 	With regards to RTT methods, consider both UE Rx-Tx and Report-free based approaches.

From the perspective of UE2, the transmit time for the SL-PRS must fulfill network synchronization requirements (timing advance) to avoid interference. Using a constant  may have an impact to network synchronization requirements (e.g. inserting a guard time, for example). The related timing alignment procedures and required signaling shall be further studied.

Proposal 2: 	Study required signaling and procedures to enable report free RTT. 

Rx-Rx Timing measurements 
In [1], Rx-Rx timing difference was proposed to assist in determining the relative velocity between the two UEs. If the Rx-Rx timing is performed by both devices the relative speed can be directly determined. The Rx-Rx timing method may suffer from frequency offsets between the two devices and/or measurement errors resulting from multipath propagation. 

Proposal 3: 	Consider Rx-Rx timing measurements within the framework of SL RTT solution and study the impact of frequency offsets and multipath propagation effects to the accuracy.

Bandwidth requirement needed to meet the identified accuracy requirements 
Analysis of required bandwidth
Following agreements were made in RAN1#109-e:

	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
For evaluations for SL positioning:
· Operation in FR1 with channel bandwidths of up to 100 MHz are considered.
· Optional: Operation in FR2 with channel bandwidths of up to 400 MHz are considered.




We performed simulation using the methodology proposed in our contribution R1-227124. Accordingly, each randomly generated CIR is characterized with a metric covering the “level-of-difficulty”. To achieve this, we sorted the ToA-error results for all links according to K-factor for the multipath components arriving with a delay less than ns; which results in the  metric. Drops with sufficient SINR are taken into account only, assuming ideal power control. Low represents critical LOS scenarios. To generate a sufficient number of drops with low the CDFs for different  ranges are derived from the simulations. To ensure that each range is well covered by the statistics an extended parameter range for the channel model was selected. Figure 1 shows the result for different bandwidth and different  ranges with . 

From Figure 1 the required bandwidth for different level-of-difficulty can be derived. As criterion we use the 90% percentile and two (three) target performance values. The third target value represents a scenario where a low accuracy is expected and the error may be dominated by the ATOA delay in case of NLOS reception. 
Note 1: The selected target performance values are just examples to demonstrate the principle. 
Note 2: In the figure legend  is denoted as “KFmu”.  

The  range represents the “level-of-difficulty” (range) of the propagation conditions.
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90% percentile for level of difficulty 0..20dB
Achieved accuracy: app. 1ns
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For low level of difficulty (high KFEC) already 20MHz can provide an accuracy of 1ns



[bookmark: _Ref100783671]Figure 1: TOA accuracy for different bandwidth for different “levels-of-difficulty”. 



For the following table we select three target performance values 
· 1ns (30cm) ToA accuracy for “high accuracy” use cases
· 10ns (3m) for other use cases
· 10m (app. 33ns): For this use case NLOS reception is assumed. The performance criterion is relative to the ATOA delay (the ATOA delay must be added to the error). We focused on the additional ToA estimation error for weak first arriving path as typical for NLOS conditions. The ATOA delay is only defined for InF scenarios considering BS height in the range of 8m and limited coverage radius. An ATOA model for UMi, UMa and SL out-of-coverage use cases is not available. Furthermore, the InF-ATOA model may not cover blockage (e.g., blockage of the LOS signal by a truck) scenarios.  

[bookmark: _Ref111202093]Table 1: Required bandwidth versus target performance and level of difficulty
	Target ToA accuracy
	Level-of-difficulty
( range)
	Required bandwidth
	Related scenario / comments

	30cm
	0 .. 20dB
	100MHz
	High accuracy requirements assuming channels with GR and some EC

	30cm 
	10 .. 30dB
	50MHz
	High accuracy requirements for good LOS conditions  

	3m
	-20 .. 0dB
	50MHz
	Weak LOS components with strong EC. Higher bandwidth allows to better separate the paths close to the FAP.

	3m
	-10 .. 10dB
	20MHz
	LOS with moderate EC. EC with low level cause a lower impairment for the FAP. Hence, super resolution techniques like rising edge detection provide a higher accuracy for reduced bandwidth

	>10m (additional error is similar as median value of InF ATOA delay)
	-20 .. 0dB
	20MHz
(first estimate)
	The level of difficulty -20..0dB covers scenarios with weak FAP as typical for NLOS and critical OLOS. The additional error resulting from the limited bandwidth is used as criterion (ATOA delay is not taken into account)



From the Table 1 and Figure 1 we observe:  
· For 30cm target performance and for medium level of difficulty a bandwidth of 100MHz is required to fulfill the 90% percentile criterion. 
· For a bandwidth of 40MHz (we simulated 50MHz) the 90% percentile for channels with a level of difficulty of   = 0 .. 20dB (representing good LOS conditions) an accuracy of app. 1m is feasible.
· For channels with a lower level of difficulty a reduced bandwidth (e.g., 40MHz) may already achieve the “high accuracy” performance target. 

For NLOS scenarios we consider mainly the   = -20 .. 0dB as relevant. The simulation does not include the ATOA delay. Assuming the ATOA model of InF (median value of the additional delay for the first arriving NLOS path is 31ns) as an example the additional error resulting from the non-ideal ToA estimation is comparable to the error resulting from the ATOA delay for a bandwidth of 20MHz. 

Observation 1:  	The achieved ToA accuracy depends highly on the level of difficulty of the channel and the bandwidth, under moderate multipath in LOS conditions:
· 100MHz bandwidth is required to achieve accuracies <30cm; 
· 40MHz bandwidth is sufficient to achieve accuracies <1m; 

Based on these observations, for the sidelink reference signal bandwidth allocation in NR bands over the PC5 interface, the UE shall be allowed to use all PRBs in a configured carrier bandwidth allowing configurations with {10,20,30,40}MHz.

Proposal 4: 	Support the reference signal transmission for positioning use cases over the sidelink with a bandwidth of the whole carrier bandwidths up to 40 MHz at least for the bands supporting up to 40MHz as defined in TS 38.101-1. 

Proposal 5: 	For use-cases targeting a high accuracy, resource allocation strategies supporting an effective bandwidth beyond 40MHz for the reference signal shall be considered including the following options:
· Option 1: Consider SL resource pools with higher bandwidth for positioning reference signals
· Option 2: For bands supporting intra-band concurrent operation of Uu and PC5 (currently the band n79) support joint allocation of resources of UL-SRS and SL positioning reference signal
· Option 3: Consider carrier aggregation of PC5 bands

[bookmark: _Ref111202670]Resource allocation strategies for SL positioning reference signals with high bandwidth
	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 chapter we further consider related resource allocation strategies for supporting bandwidth allocation beyond 40MHz for SL positioning. 
Temporal increase of SL bandwidth for positioning signals 
The simplest approach is the increase of the bandwidth allowed for SL resource pools. The other parameter of the SL frame structure may be kept. This is resulting in a SL slot structure as depicted in Figure 2. The example shows the allocation of two OFDM symbols for positioning RS. 

[image: ]
[bookmark: _Ref111099952]Figure 2: Example for temporal increase of the SL bandwidth

For positioning reference signals a low SINR may be sufficient. Hence, especially for use cases with low distance between the UEs, a low EIRP can be selected for the positioning reference signals (SL-PRS). This minimizes the interference to services using the other parts of the band. 
Note that this is attractive not only in the in-coverage and out-of-coverage situations but also for operation in unlicensed bands. In unlicensed bands low power transmission may be allowed with simplified MAC schemes. Furthermore, it makes the proposal also applicable to UE autonomous SL-PRS allocation schemes 

Proposal 6: 	Support the increase of the SL bandwidth for SL-PRS using a low EIRP.
Joint Resource allocation for sidelink positioning for intra-band con-current operation of Uu and PC5
[image: ]
[bookmark: _Ref111102518]Figure 3: Example for jointed resource allocation for Uu and PC5

At least the band n79 (4400 – 5000 MHz, 600MHz overall bandwidth) allows an intra-band con-current operation of Uu and PC5. For the in-coverage operation mode of the SL a coordination of the resource allocated for the (UL-)SRS and the SL-PRS may be feasible. An example is given in Figure 3. The SL-PRS in the PC5 mode may use only parts of a slot. In the similar way the SRS may use only a limited number of OFDM symbols (in the example 2 OFDM symbols). 
Instead of a full control of SL-PRS allocation (position and parameters) the allocation may be split between network and UE. 
· The network controls the SRS allocation (position in time/frequency domain and sequence parameters)
· The network defines the SL-PRS resource pool position (in time and frequency) 
· The UE defines the sequence parameter and the allocation within the resource pool. 
In this case some coordination may be required. At least the UE decoding also the UL-SRS must receive the UL-SRS configuration. 


Proposal 7: 	Study the coordination of SL-PRS and SRS resources for bands supporting intra-band con-current operation of Uu and PC5.

Carrier aggregation between PC5 BWPs
Similar to the intra-band con-current operation of Uu and PC5 carrier aggregation of carriers (or BWPs) using PC5 operation modes can be considered. This may be useful if several PC5 carrier/BWPs are available or in out-of-coverage mode. This operation mode may be especially attractive for the n47 band (unlicensed band) if several PC5 carrier with reduced bandwidth are used. 

Proposal 8: 	Study carrier aggregation between PC5 carrier/BWPs at least for PC5 carrier using the same band.

Reference signal type for sidelink positioning 
	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)




Type of positioning reference signal 
SRS-Pos and DL-PRS have been designed to provide high flexibility and are optimized to achieve the maximum positioning performance in diverse scenarios. There is no motivation for designing a new RS for SL positioning in terms of accuracy, latency or coverage. RS configuration and interference aspects can build on SRS-Pos or DL-PRS.

The characteristics of the DL-PRS and SRS-Pos are compared in the following table 

	
	DL-PRS
	SRS-Pos / SRS 

	Base sequence
	Gold code
	Zadoff-Chu

	PAPR
	High 
	Low (SRS is optimized for PAPR)

	Flexibility 
	High
	High (bandwidth, number of OFDM symbols, COMB factor, staggering, … is configurable)

	Support of several antennas
	May require additional resources 
	Antenna ports can be separated by cyclic shifts. This is at least supported for the MIMO-SRS

	PC and spatial relation
	N.A.
	Supported

	Generated by 
	gNB
	UE

	Decoded by 
	UE
	gNB




Proposal 9:	The SL-PRS design shall adapt the SRS-Pos sequence design, frequency domain pattern and time domain pattern.

Sidelink positioning reference signal parameter considerations 
	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



A gNB typically uses antennas with higher gain than a UE. Hence, for a given UE transmit power the coverage radius feasible using the PC5 interface may be lower than for the Uu interface. Especially for areas with no gNB deployment a high coverage radius at least for measurements of the positioning reference signal may be worthwhile. This may be essential for out-of-coverage scenarios where a UE wants to measure the distance to several UEs. The staggering introduced for SRS-pos is a technology to significantly increase the coverage radius for a given UE transmit power.  

Proposal 10: 	Support staggered patterns for the sidelink positioning reference signal. 

Using several OFDM symbols with staggering allows the decoding of the SRS-pos with very low SINR (< -20dB, for example) may be also useful for scenarios with low distance between the UEs. This facilitates very low power operation modes for sidelink positioning reference signals and may enable application scenarios similar to UWB based solutions where the power spectral density of the received signal is typically below the noise floor. In this case the interference generated by such signals may be low as well and may allow that the sidelink positioning reference signal uses resources not exclusively reserved for sidelink operation. Hence, it may be possible to allow (possibly in an area configured by the network) the transmission of low power sidelink reference signals for positioning use. These low power signals will generate negligible interference to neighboring areas and may be a straight forward way to allow a sidelink positioning signal with a bandwidth higher than the bandwidth allocated for sidelink communication applications, which typically operate at much higher SINR level.





Conclusions 
In this contribution, the first considerations for possible solutions are covered and we made the following proposals:
Observation 1:  	The achieved ToA accuracy depends highly on the level of difficulty of the channel and the bandwidth, under moderate multipath in LOS conditions:
· 100MHz bandwidth is required to achieve accuracies <30cm; 
· 40MHz bandwidth is sufficient to achieve accuracies <1m; 

Observation 2: 	Association of SL ranging with TDOA and RTT measurements is beneficial for the overall positioning performance

Proposal 1: 	With regards to RTT methods, consider both UE Rx-Tx and Report-free based approaches.


Proposal 2: 	Study required signaling and procedures to enable report free RTT. 

Proposal 3: 	Consider Rx-Rx timing measurements within the framework of SL RTT solution and study the impact of frequency offsets and multipath propagation effects to the accuracy. 

Proposal 4: 	Support the reference signal transmission for positioning use cases over the sidelink with a bandwidth of the whole carrier bandwidths up to 40 MHz at least for the bands supporting up to 40MHz as defined in TS 38.101-1. 

Proposal 5: 	For use-cases targeting a high accuracy, resource allocation strategies supporting an effective bandwidth beyond 40MHz for the reference signal shall be considered including the following options:
· Option 1: Consider SL resource pools with higher bandwidth for positioning reference signals
· Option 2: For bands supporting intra-band concurrent operation of Uu and PC5 (currently the band n79) support joint allocation of resources of UL-SRS and SL positioning reference signal
· Option 3: Consider carrier aggregation of PC5 bands

Proposal 6: 	Support the increase of the SL bandwidth for SL-PRS using a low EIRP.

Proposal 7: 	Study the coordination of SL-PRS and SRS resources for bands supporting intra-band con-current operation of Uu and PC5.

Proposal 8: 	Study carrier aggregation between PC5 carrier/BWPs at least for PC5 carrier using the same band.

Proposal 9:	The SL-PRS design shall adapt the SRS-Pos sequence design, frequency domain pattern and time domain pattern.

Proposal 10: 	    Support staggered patterns for the sidelink positioning reference signal. 
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