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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
Report-free RTT 
	
Agreement
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




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. Instead of reporting the Rx-Tx delay the Rx-Tx delay is either known or configured. 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. 


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 violate this condition, if the  defines the time of the first sample of the SL-PRS transmitted as response to the received SL-PRS. To avoid this a cyclic shift can be applied to the SL-PRS and  applies to an “virtual time of transmit”, which differs from the time of the first sample by the cyclic shift. This allows to set the transmit time related to the first sample of the SL-PRS according the network synchronization and timing advance requirements, while the cyclic shift ensures that the receiver detects a ToA according the “virtual” time-of-transmit. 
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[bookmark: _Ref118302658]Figure 1: Example of report-free RTT operation ( is the difference between t5 and t2)

A possible approach is depicted in Figure 1: 
· UE2 (responder) detects the ToA (t2 in the figure) for the SL-PRS received from UE1 (initiator)
· The UE2 (responder) OFDM framing may be derived from the network or the signal received from the initiator and it is assumed that UE2 transmits aligned to this framing according the timing-advance (TA) setting. This defines the ToTSym, (t3 in the figure), wherein ToTSym may represent the time of the first sample of the SL-PRS
· The effective (“virtual”) time of transmit of the SL-PRS with the desired  can be calculated by 
 		ToTeff = ToA + 
· The SL-PRS is modified by applying a cyclic shift to the SL-PRS, where the required cyclic shift can be calculated by 
  		tCS = ToTeff - ToTSym
Proposal 1: 	With regards to RTT methods, support Report-free based approach in the SL positioning framework:
· The mechanism shall not have any impact on the OFDM symbol timing requirements

Rx-Rx Timing measurements 
The spec impact of Rx-Rx timing measurement was discussed in RAN1#110e. Particularly, it was questioned if Rx-Rx timing difference cannot be already supported based on the identified SL timing measurements (i.e. SL Rx-Tx, SL RSTD and SL RTOA). 
Rx-Rx Timing measurements may utilize several functionalities. Examples are: 
· Clock calibration: Measure the frequency offset of a device relative to another device
· If the frequency offset is known with sufficient accuracy the measurements may be an indicator of the relative velocity

Rx-Rx timing can be defined as a timing difference measurement between two consecutive bursts from the same transmission source. Where the Rx-Rx measurement should be coherently realized so that no timing or frequency offset changes during between a pair of measurements.

Based on the above definition, there are two approaches to support Rx-Rx measurements in the SL positioning Framework:
· Alt.1: support an additional Rx-Rx measurement which defines the UE report and processing related to a Tx-Tx transmission
· Alt.2: Support functionary without introducing an Rx-Rx measurements by reporting the ToA of each received signal. It can be implied from the identified SL timing measurements and potential additional UE procedure/signaling.

Proposal 2: 	For determining the relative velocity between the two UEs using Rx-Rx timing measurements within the framework of SL RTT solution, downselect between:
· Alt.1: Support an additional Rx-Rx measurement which defines the UE report and processing related to a Tx-Tx transmission
· Alt.2: Support functionary without introducing an Rx-Rx measurements (it can be implied from the identified SL timing measurements (time stamps with fine resolution, for example)
· FFS spec impact for SL Rx-Rx determination based on SL Rx-Tx, SL RSTD and SL RTOA measurements



Frequency error compensation: Single sided vs Double sided
	Agreement
· 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




Approaches such as double-sided RTT becomes especially useful when the crystal oscillators implication is significant on the targeted performance. For example, assuming SL devices equipped with 10 ppm oscillators and a round trip delay within few milliseconds; can translate to ranging errors within meters while operating in out-of-coverage.
The double-sided RTT operation such as in Figure 2 (left), demands no specific spec impact related to the order of transmission. Double sided measurements can be considered as a subset of periodic measurements or joint use of one RS for two single sided measurements with different initiators. Beside the Tx-RX difference information on the Tx periodicity and the measured Rx periodicity (Tx-Tx delays and Rx-Rx delays or time stamps (with high resolution) for each measurement may be useful for mitigation of the frequency offset between two devices or other purposes. If time stamps are used or measurements for resources transmitted with high time offset re-initialization of the clock generator of the device may have an impact to the difference. Hence, the procedure shall ensure that a frequency offset did not change during a set of SL-PRS transmission and reception or the change can be considered as marginal. In Figure 2 (right) we depict different examples of periodic RTT measurements. First, the standard allows that the second device transmits before the signal from the first device is received (marked in green). Beside the Tx-Rx delays (e.g., t23(n) = t3(n) – t2(n) and t14(n) = t4(n) – t1(n)) other delays/periods such as the Tx-Tx delay t15(n) = t5(n) – t1(n) = t1(n+1) – t1(n) or the Rx-Rx delay t26(n) = t6(n) – t2(n) = t2(n+1) – t2(n) can be considered for frequency offset mitigation or other purpose like relative velocity. In Figure 2 (right) we depict different examples:
· The repetition rate is low (e.g., difference between two measurements is several slots or frames).
Comparing Tx-Tx measurements with Rx-Rx measurements of the other device the frequency offsets can be estimated, wherein the measured offset may be the sum of the frequency offset resulting from the clock oscillator offset and the Doppler offset according the relative velocity. 
· The repetition rate is high (two resources in a frame or slot are configured, for example. In the figure marked in red) allows to combine the measurements to increase the reliability of the measurement in case of low SINR. Typically, the channel coherence time is higher than a slot duration. Hence, the channel characteristics changes within a slot or adjacent slots are minor.   Furthermore, additional information like change of the measured phase (e.g., phase of the correlation peak) may become useful. 
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[bookmark: _Ref118150400][bookmark: _Ref118443774]Figure 2: Example on double-sided RTT (left) and sequence of single sided measurement (right).


For the evaluation of the frequency offset impact we compare following options for the SL-RTT measurements 
· Single sided

· Double sided
· Method 1: RTT is calculated by 
 

· Method 2: RTT is calculated by 
  	

· Single sided + periodic measurements
The frequency offset is estimated by comparing the Tx-Tx and Rx-Rx periodicity

For the comparison we consider three scenarios 
1. Both devices have a frequency error and a symmetrical reply time (t23 ≈ t45)
1. Both devices have a frequency error and an unsymmetrical reply time (t23 ≄ t45)
1. One device (e.g., a RSU) is synchronized to the network or use a high accuracy oscillator

For these scenarios we can conclude
· For single sided the measurement error depends on the frequency accuracy for all scenarios 
· Double sided, method 1 is sensitive for unsymmetrical configuration. If the difference between t23 and t45 is high a high error may result. 
· Double sided, method 2 allows also unsymmetrical configurations (t23 ≄ t45). 
· Single sided along with periodic timing measurement can be combined (periodic single sided measurement) which is attractive if one device is synchronized to the network (or uses a high accuracy oscillator). In this case the frequency error of the second device (UE2) can be estimated and compensated from the two received measurements. The ratio between the periodic transmissions delay and the associated measurements defines the relative frequency offset of the devices. The measurement accuracy of the relative frequency offset depends on the periodicity. If carrier phase measurements are taken into account a high accuracy may be already achieved for a small time interval between two measurements/repetitions. 

Observation 1:	A double sided measurement can be derived from periodic single sided measurements. 

Proposal 3: 	For frequency error compensation by applying additional signaling to single-sided RTT:
· No spec impact related to the order of SL-PRS 
· FFS spec impact related to measurements and signaling. 


[bookmark: _Ref111202670]Resource allocation 
In this part of the contribution we address two questions related the resource allocation 
· Allocation of the SL-PRS within a SL resource pool
· Bandwidth requirements and options to support high bandwidth for applications targeting high accuracy.

Agreements related to resource allocation
	Agreement
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

Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report

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






Resource allocation strategies within SL resource pool
Application example – V2X
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Figure 4: Example scenario using road-side units (RSU)

For positioning applications a UE (e.g. car) may perform measurements to several RSUs. The measurements may be initiated by the mobile UE (car) or by the RSUs. Different scenarios can be considered: 
· SL-RTT/multi-SL-RTT: 
· A mobile UE is the initiator and receives responses from several RSUs
· The RSU is the initiator and receives responses from several UEs
· SL-TDOA: 
· The RSUs transmit synchronized the (SL-)PRS. The RSUs may transmit periodically or on demand.
· The RSUs are synchronized and perform SL-RToA measurements on the signals from one or several cars. 

For high accuracy positioning the movement of the car must be taken into account. To minimize the impact or to simplify the compensation of the impact the measurements shall be performed nearly at the same time. As an example, we consider a car driving at a speed of 130km/h. If the measurements are performed with a time difference of 10ms, the position of the car changes already by 36cm between two measurements. Hence, it may be worthwhile to perform all measurements within the duration of a frame, subframe or a slot. 
Resource sharing concepts, which may be reused for SL-PRS. Using time and/or frequency multiplex (COMB structure) may allow an orthogonal allocation of the resource and may minimize the interference between the SL-PRS, but require separate resources for each transmitted signal. ToA measurements can be performed at low SINR. Hence, resource sharing concepts like Code multiplex (the SL-PRS of different transmitter (or antenna ports) use the same resource elements (REs), but different sequences are assigned to each transmitter. If the transmitters are synchronized (to the network or the forward link signal transmitted by the initiator with an accuracy equivalent to a fraction of the OFDM symbol duration (10% of the cyclic prefix duration, for example) an alternative to the code multiplex is the assignment of different cyclic shifts to each transmitter. For further evaluation of this option, we consider a highway scenario as agreed for the SL positioning evaluation. An example deployment scenario is depicted in Figure 5. 

[image: ]Road segment: 
UEs in this segment share the same resources

[bookmark: _Ref118225674]Figure 5: Evaluation scenario for resource sharing

For the evaluation of the resource sharing, we assume: 
· The UE performs measurements to several RSUs. In the example we assume the UEs in the road-segment between -200m and +200m (red) perform measurement to up to 8 RSUs placed along the road (200m distance, RSUs at both sides of the road, staggered allocation). 
· The distance between UE and the RSUs can be calculated according the position on the road. For the example the results are
· Minimum: 17.36m 
· Maximum: 601m
· This is equivalent to a ToF (time-of-flight) difference of up to 1.9 microseconds 
· For a subcarrier spacing of 30kHz the symbol duration is 33 microseconds (without cyclic prefix) and the cyclic prefix length is 2.3 microseconds. For the example the ToF difference is lower than the cyclic prefix length. Depending on the OFDM symbol synchronization, the timing advance configuration and the channel delay spread some inter symbol interference by result.  But for positioning applications a low SINR operation is feasible and, hence, some inter symbol interference may be acceptable. 
· A receiver specific power control may be difficult (the SL-PRS may be received by several devices in parallel). Hence, we assume a constant TX-power setting for all RSUs. To avoid overload of the receiver we assume transmit power levels between 0dBm and 23dBm. Using the pathloss model according TR37.855_Highway_LOS and shadow fading inline with the channel model, the received power level difference between the strongest signal and the weakest signal is 47dB for the given deployment. A statistical analysis of the level difference between the strongest received signal and the weakest received signal is depicted in Figure 6. The level difference exceeds the cross-correlation performance of SL-PRS using different sequence IDs 
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[bookmark: _Ref118237158]Figure 6: Level difference strongest signal to weakest signal

For the resource allocation we assume 
· All RSUs related to one road segment use the same resource elements (same OFDM symbol, same COMB value, same COMB offset)
· Two types of RE sharing concepts are compared
· Code multiplex: Each RSU uses a different PN sequence ID
· Cyclic shift multiplex: The same sequence is used by each RSU, but different cyclic shift values are assigned. 
· 1 or more OFDM symbols (nbSym) per SL-PRS.  
· COMB structure with staggering (typical value: COMB = nbSym)
· Frequency and time multiplex is assumed to support different road-segments. 
· Different road segments may use different COMB offset or different OFDM symbols. 
· The following plots assume the car is the initiator and several RSUs respond to the car using the same REs
As an example we depict in Figure 7 the correlator output with cyclic shifts. The figure shows the different magnitude of the correlation peak related to different RSUs and highlights that the correlation peaks related to the wanted signal can’t be distinguished from the peak resulting from the interference from the strong signal. 
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[bookmark: _Ref118235345]Figure 7: Correlator output for “cyclic shift multiplex” of 8 RSUs.

For comparison the correlator output (correlation for first TRP) for code multiplex. Due to the limited cross correlation performance of the PN sequences the strong signal cause interference resulting in a noisy correlation function. 

[image: ][image: ]
Figure 8: Examples for correlator output for code multiplex (COMB = 2, 2 symbols): Signal from strong RSU (left) and signal from weak RSU (right)

The resulting positioning performance (for the evaluation LOS reception was assumed for all UE RSU links) is compared in Figure 9 for the following configurations: 
· “no sharing”: 	different resources are assigned to each SL-PRS 
· “cs mux, 23dBm”: 	Eight RSUs share the same REs. The RSU uses the same sequence, but different cyclic shift. The transmit power was 23dBm
· “code multiplex”	Eight RSUs share the same REs. Different sequence are assigned to each RSU
· “cs mux, 0dBm”: 	Compared to the configuration “cs mux, 23dBm” the transmit power was reduced to 0 dBm
The reason for the bad performance of the code multiplex is the high false detection rate of the ToA estimator (Figure 10). For the given evaluation scenario the ToA estimator fails for app. 50% of the measurements, if code multiplex is used for resource sharing, whereas cyclic shift multiplex is able to separate all eight RSUs

[image: ]
[bookmark: _Ref118237588]Figure 9: Horizontal positioning error for different resource sharing concepts
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[bookmark: _Ref118307558]Figure 10: ToA estimation error (normalized to distance error) of cyclic shift and code multiplex 

Observation 2: 	
· Code multiplex fails due to the high power difference and limited cross correlation performance of the sequences.
· Cyclic shift multiplex is feasible, even with simplified power control. For the given scenario 8 RSUs can share the same resources with no performance degradation
· Cyclic shift multiplex performance achieves the Rel-18 requirements despite reduced transmit power allowing low power SL-PRS transmission. 

Proposal 4:	Support cyclic shift configuration for the SL-PRS. 

SL-PRS interference randomization
Sidelink positioning can be incorporated in scenarios where collision can often not be avoided. The SL-PRS should support approaches similar to NR-PRS muting or transmission patterns related to SL user groups to reduce interference. 
Proposal 5:	Support interference randomization solutions within the SL-PRS framework.

Resource allocation strategies for SL positioning reference signals with high bandwidth 
In this chapter we further consider related resource allocation strategies for supporting bandwidth allocation beyond 40MHz for SL positioning. 
Symbols of a SL-PRS resource within a slot are consecutive symbols
	Agreement
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




Regarding the motivation for non-consecutive symbols of a SL-PRS resource, one motivation can to perform measurements between the timely separated OFDM resources which is relevant in high mobility scenarios. As this impact can be realized by allocating multiple resources within a slot, hence

Proposal 6: 	Support SL-PRS multi-resource allocation within slot where the symbols per resource are consecutive.

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 11. The example shows the allocation of two OFDM symbols for positioning RS. 
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[bookmark: _Ref111099952]Figure 11: 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 7: 	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 12: 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 12. 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 8: 	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 9: 	Study carrier aggregation between PC5 carrier/BWPs at least for PC5 carrier using the same band.


Reference signal type for sidelink positioning
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.



And in RAN1#110b-e

	
Agreement
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)




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 3 shows the result for different bandwidth and different  ranges with . 

From Figure 3 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.
	[image: ]100MHz
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 3: 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 3 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 3:  	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 10: 	The bandwidth of SL-PRS can be same or smaller than that of the resource pool

Proposal 11: 	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
SL-AoD

	Agreement
· 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




Similar to SL-AoA, SL-AoD derived from phase measurements associated with the multiple Tx antennas is feasible. Assuming a transmit device supports several beams measurements such as PDoA (phase difference of arrival) may be also relevant for SL-AoD.  

Proposal 12: 	The potential positioning methods candidates using SL measurements shall include SL-AoD.

Conclusions 
In this contribution, the first considerations for possible solutions are covered and we made the following proposals:

Proposal 1: 	With regards to RTT methods, support Report-free based approach in the SL positioning framework:
· The mechanism shall not have any impact on the OFDM symbol timing requirements

Proposal 2: 	For determining the relative velocity between the two UEs using Rx-Rx timing measurements within the framework of SL RTT solution, downselect between:
· Alt.1: Support an additional Rx-Rx measurement which defines the UE report and processing related to a Tx-Tx transmission
· Alt.2: Support functionary without introducing an Rx-Rx measurements (it can be implied from the identified SL timing measurements (time stamps with fine resolution, for example)
· FFS spec impact for SL Rx-Rx determination based on SL Rx-Tx, SL RSTD and SL RTOA measurements

Proposal 3: 	For frequency error compensation by applying additional signaling to single-sided RTT:
· No spec impact related to the order of SL-PRS 
· FFS spec impact related to measurements and signaling. 

Proposal 4:		Support cyclic shift configuration for the SL-PRS. 

Proposal 5:	Support interference randomization solutions within the SL-PRS framework.

Proposal 6: 	Support SL-PRS multi-resource allocation within slot where the symbols per resource are consecutive.

Proposal 7: 	Support the increase of the SL bandwidth for SL-PRS using a low EIRP.


Proposal 8: 	Study the coordination of SL-PRS and SRS resources for bands supporting intra-band con-current operation of Uu and PC5.


Proposal 9: 	Study carrier aggregation between PC5 carrier/BWPs at least for PC5 carrier using the same band.


[bookmark: _GoBack]Proposal 10: 	The bandwidth of SL-PRS can be same or smaller than that of the resource pool

Proposal 11: 	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 12: 	The potential positioning methods candidates using SL measurements shall include SL-AoD.
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