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1 Introduction
The study on expanded and improved NR positioning introduces sidelink positioning as an objective [1]:
	· 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.



In this contribution, we discuss remaing items in evaluation methodology and assumptions for the different supportred use-cases. In addition, we provide evaluation results for the different use cases and scenarios.
2 Evaluation Methodology and Assumptions
Whether PRS can be FDMed with other sidelink transmissions in evaluations is still an open issue. It is preferable to transmit SL PRS on as wide a bandwidth as possible and allowing other sidelink communications to be FDMed with SL PRS would limit the bandwidth available for SL PRS; and increase interference and collision probability with SL PRS. This would result in degraded positioning performance. For similar reasons, PRS is not FDMed with other transmissions in Uu positioning. Hence, we propose to follow the Uu positioning approach and not FDM other sidelink communications with SL PRS.
[bookmark: _Toc111204096]Proposal 1: For evaluation of sidelink positioning, sidelink PRS and other sidelink communications are not FDMed with each other, i.e. they can only be TDMed.
3 [bookmark: _Ref101883272]Evaluation Results
3.1 V2X Positioning and Ranging Evaluations
3.1.1 Ranging
RAN1 made a working assumption to have two sets of requirements for positioning in V2X applications and agreed that ranging requirements have the same as those for horizontal accuracy in relative positioning:
Working assumption
For evaluation of V2X use-cases for SL positioning, the following accuracy requirements are considered:
· Set A (similar to “Set 2” defined in TR 38.845)
· Horizontal accuracy of 1.5 m (absolute and relative); Vertical accuracy of 3 m (absolute and relative) for 90% of UEs
· Set B (similar to “Set 3” defined in TR 38.845)
· Horizontal accuracy of 0.5 m (absolute and relative); Vertical accuracy of 2 m (absolute and relative) for 90% of UEs
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether each of the two requirements are satisfied, and 
· (2) %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.
· Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios

Agreement
For evaluations in Rel-18, ranging requirements for SL positioning are defined as:
· For a given use-case, the value of the distance requirement for ranging distance accuracy is same as the value identified for horizontal positioning accuracy for relative positioning. 
· The requirement on ranging direction accuracy is Y degrees for 90% of UEs.
· FFS: Exact definition of ranging direction accuracy, including value(s) of Y and reference direction

In this section, we provide evaluation results for ranging operations in the V2X highway scenario. These results are shown in Figure 1, which shows the CDF of the absolute error observed when performing ranging operations using sidelink positioning. From the figure, it can be observed that the maximum bandwidth available in ITS bands, i.e. 40 MHz, cannot meet requirements for V2X applications.
[image: ]
[bookmark: _Ref101882992]Figure 1 CDF of range estimation error in a highway V2X scenario.
[bookmark: _Toc111204080]Observation 1: Set A and Set B requirements for ranging in V2X applications cannot be met by the bandwidth available for ITS bands, i.e. 40 MHz.
[bookmark: _Toc111204081]Observation 2: Set A requirements for ranging in V2X is achieved when the SL-PRS bandwidth is 100 MHz.
[bookmark: _Toc111204082]Observation 3: Set B requirements for ranging in V2X is not met when the SL-PRS bandwidth is 100 MHz or less.
[bookmark: _Toc111204083]Observation 4: 0.5m ranging accuracy in V2X is achieved for 42% of the UE when the SL-PRS bandwidth is 100 MHz.
The trend shown in results is consistent with the theoretical analysis based on the Cramer-Rao bound in the following. Assuming a peak-finding algorithm for estimating the time of arrival (ToA), the variance of such and estimator is lower-bounded by:

Where
·  is the number of antennas, assumed to be 2 in this ranging evaluation.
·  is the signal energy of the direct path over the noise spectral density.
· Assumed uniform PSD for the SL-PRS signal, then  with 20, 40, 100 MHz in the evaluations.
For SL-RTT, the time uncertainty is twice as much as ToA.
Using the above bound, we obtain the lower bound on range uncertainty in an AWGN setting shown in Figure 2. We note that the simulations in Figure 1 used a fading channel model and using that a more realistic channel model instead of AWGN for the lower bound analysis would further increase the lower bound.
[image: ]
[bookmark: _Ref102057311]Figure 2 Theoretical lower bound SL-RTT range uncertainty in AWGN with for SL-PRS bandwidths 20, 40, and 100 MHz
3.1.2 Absolute Positioning
Two different RSU drop models were agreed to be studied for absolute positioning in highway scenarios:
Agreement
· For SL absolute positioning evaluation in highway scenario, the following options are supported
· Alt 1 as optional: BS and UE-type RSU deployment follows TR 36.885, where wrap around method of 19*3 hexagonal cells with 500m ISD in Figure A.1.3-3 of TR 36.885 section A.1.3 is used. 
· Alt 2 as baseline: BSs are disabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically. 
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
[image: A picture containing clock, dark, gauge

Description automatically generated]
· For SL absolute positioning evaluation in urban grid scenario, BS and UE-type RSU deployment follows the description in TR 36.885 section A.1.3.
· Companies can provide additional BS/ UE-type RSU deployment, e.g. additional UE-type RSUs are added to UE-type RSU deployment in TR 36.885
Note: For absolute positioning in highway, Alt 1 is assumed for evaluation of joint Uu/SL positioning, Alt 2 is assumed for evaluation of SL only positioning.

In this section, we analyze the absolute positioning performance using SL-only positioning in highway scenarios with 100 MHz and 40 MHz SL-PRS bandwidth. Both parallel and staggered RSU distributions are considered. The position is calculated using RTT measurements to RSUs.
The performance using the parallel RSU drop is shown in Figure 4. The longitudinal position estimate meets both Set A and Set B requirements using 100 MHz SL-PRS. On the other hand, using 40 MHz SL-PRS, neither requirement is met: only 11% of UEs meet the 0.5m requirement and only 55% of UEs meet the 1.5m requirement. Lateral positioning accuracy does not meet the requirements of either set: only 30% of UEs meet the 1.5m requirement with 100 MHz SL-PRS and only 11% meet it with 40 MHz SL-PRS. The degradation in lateral position accuracy compared to longitudinal position accuracy is due to the RSU drop geometry. The maximum lateral separation between RSUs is only 24m whereas the longitudinal separation is much larger.


[image: ]
Figure 3 Horizontal positioning coordinates
[image: ][image: ]
[bookmark: _Ref111133137]Figure 4 Absolute positioning error using the parallel RSU distribution.
[bookmark: _Toc111204084]Observation 5: Set A and Set B absolute horizontal accuracy requirements for the longitudinal position are met for the highway scenario with 100 MHz SL PRS bandwidth using the parallel RSU distribution.
[bookmark: _Toc111204085]Observation 6: Only 11% and 55% of UEs meet the 0.5m and 1.5m absolute horizontal accuracy requirements, respectively, for the longitudinal position for the highway scenario with 40 MHz SL PRS bandwidth using the parallel RSU distribution.
Similar observations can be made when using the staggered RSU distribution as shown in Figure 5. With 100 MHz SL-PRS, longitudinal position can be estimated with 0.5m accuracy for 87% of the UEs and the 1.5m accuracy is met for more than 90% of the UEs. With 40 MHz SL-PRS, the 0.5m longitudinal position accuracy is only achieved for 15% of the UEs and the 1.5m accuracy for 61% of the UEs.
[image: ] [image: ]
[bookmark: _Ref111133951]Figure 5 Absolute positioning error using the staggered RSU distribution.

[bookmark: _Toc111204086]Observation 7: Set A and Set B absolute horizontal accuracy requirements for the longitudinal position is met for the highway scenario with 100 MHz SL PRS bandwidth using the staggered RSU distribution.
[bookmark: _Toc111204087]Observation 8: Only 17% and 72% of UEs meet the 0.5m and 1.5m absolute horizontal accuracy requirements, respectively, for the longitudinal position for the highway scenario with 40 MHz SL PRS bandwidth using the staggered RSU distribution.
[bookmark: _Toc111204088]Observation 9: Set A and Set B absolute horizontal accuracy requirements for the lateral position are not met for the highway scenario using sidelink-only positioning.
[bookmark: _Toc111204089]Observation 10: The RSU drop model for highway scenarios leads to very large diluation of precision in the lateral position.
3.1 Non-V2X SL Positioning Evaluation Scenarios
The following agreement was achieved with regards to the simulation assumptions for evaluation for non-V2X scenarios: 
	Agreement
· For SL positioning evaluation of Public safety use cases 
· Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy.
· For SL positioning evaluation of Commercial use cases 
· Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy

Agreement
For SL positioning evaluation on indoor factory scenarios, companies can select one of the following options for UE-2-UE channel model
· Option 1: BS-2-UE channel model defined in TR 38.901 is revised
· The UE parameters in the channel model defined in 38.901, e.g. UE height, antenna model, transmit power are used to replace gNB’s corresponding parameters.
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP.
· Option 2: D2D channel mode from 36.843 A.2.1.2 is used

Agreement
For SL positioning evaluation on IIOT use case, the performance metrics at least include absolute accuracy and relative accuracy.
· FFS how to select anchor UEs/RSU for absolute positioning, e.g. 20 anchor UEs/RSU are randomly deployed in the simulation area




Following channel models is being used for D2D (D2D channel mode from 36.843 A.2.1.2 is used)
	
	
	Outdoor to Outdoor
	Indoor to Indoor

	Pathlossa
	PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d))
where
 d is distance between UEs
PLfreespace is free space path loss (Eq. 4.24 in [6]),
PL_B1 is the Winner + B1b ([7] Table 4-1) channel model for hexagonal layout  with the following offsets
· LOS offset = 0 dBc
· NLOS offset = -5 dBc
While calculating Winner + B1 pathloss the following  values shall be used
h_BS = h_MS = 1.5m, h_BS' = h_MS' = 0.8m 
	Dual strip ([3] Table A.2.1.1.2-8) for Layout Option 2
InH ([3] Table A.2.1.1.5-1) for remaining layout optionsd


	LOS Probabilitye
	Winner II-B1 ([6] Table 4-7)
	ITU-R IMT UMi ([8] Table A1-3) for InH
N/A for Dual Strip

	Shadowing 
standard 
deviation
	7 dB log-normal
	UEs are in same building:
LOS: 3 dB log-normal
NLOS: 4 dB log-normal
UEs are in different building:
10 dB log-normal

	Shadowing
 correlation
	i.i.d.

	Fast Fadingf
	ITU-R IMT UMi ([8] Annex 1.3.2)
LOS and NLOS
	ITU-R IMT InH ([8] Annex 1.3.2)
LOS and NLOS



-	a) Pathloss should be defined for 700 MHz in addition to 2 GHz (by applying 20log(fc) correction for 700 MHz if not otherwise specified)
-	b) Winner+B1 is assumed to be valid up to a minimum distance of 3m
-	c) The offsets are assumed to be valid for all the frequencies of interest.
-	d) For calculating the indoor to indoor path loss between a virtual indoor UE and another virtual indoor UE or indoor UE use the InH model for UEs inside different buildings
-	e) LOS probability: some pathloss models do not specify a LOS/NLOS region – the LOS Probability would not be used for such models
-	f) Additional modifications needed to incorporate changes in Doppler modeling due to dual mobility are described in Section A.2.1.2.1. Further study can be undertaken on the dual-scattering described in [9].
NOTE:	These models are being adopted for the purpose of relative comparisons of D2D techniques, without necessarily having measurement support.




3.1.1 Public Safety Scenarios
The following simulation assumptions are used for evaluation of public safety scenarios: 
	Parameter
	Value

	Cellular Deployment layout Assumption and Channel model
	UMI FR1, 200m ISD, 700 MHz, 15 KHz SCS; remaining simulation assumptions according to TS 38.855

	D2D Channel model
	Channel model from TS 36.843 A.2.1.2

	UE drop
	20 outdoor UEs per sector uniformly dropped in the xy plane. All UEs are outdoors, and no buildings are dropped.

	Anchor UE selection for absolute positioning
	Closest 10 devices are being simulated for ranging and Angle of Arrival (AoA) Estimation

	SL PRS configuration
	Comb-4/4-symbols without interference across the devices

	UE Tx Power
	23 dBm

	BS Tx Power
	49 dBm

	BS Antenna Config
	MIMO (M,N,P) = (2,2,2)

	Carrier Frequency
	700 MHz (FDD)

	Bandwidth
	10, 20, 40 MHz

	Num Rx Antennas
	2



3.1.1.1 Case 1-3: D2D RTT (Ranging) Accuracy 
In the next Figure we show the CDF of the ranging performance (in nsec) for different bandwidth options:
[image: Chart, line chart

Description automatically generated]
3.1.1.2 Case 4-6: D2D AoA Accuracy 
In the next Figure we show the CDF of the AoA accuract (in degrees) for different bandwidth options.

[image: Chart, line chart

Description automatically generated]

3.1.1.3 Case 7-8: Absolute Positioning Accuracy (SL-only Positioning)
We now show the absolute positioning accuracy performance assuming genie knowledge of the anchors nodes, wherein up to 10 devices are being used. RANSAC algorithm is being used for outlier rejection. 
[image: Chart
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Description automatically generated]
[bookmark: _Toc111204090]Observation 11: AoA measurements provide incemental accuracy gains over RTT-only positioning mainly for scenarios with smaller bandwidths.
[bookmark: _Toc111204091]Observation 12: For the simulated public safety scenario, achieving 1m accuracy at 90% requires more than 20 MHz of SL bandwidth.
3.1.2 Commercial Scenarios
The following simulation assumptions are used for evaluation of commercial scenarios: 
	Parameter
	Value

	Cellular Deployment layout Assumption and Channel model
	UMI FR1, 200m ISD, 3.5 GHz, 30 KHz SCS, according to the simulation assumptions of TS 38.855

	D2D Channel model
	Channel model from TS 36.843 A.2.1.2

	UE drop
	10 outdoor UEs per sector uniformly dropped in the xy plane. All UEs are outdoors, and no buildings are dropped.

	Anchor UE selection for absolute positioning
	Closest 10 devices are being simulated for ranging and Angle of Arrival (AoA) Estimation

	SL PRS configuration
	Comb-2/2-symbols without interference across the devices



3.1.2.1 Case 9-11: Absolute Positioning Accuracy: Uu-only vs Joint SL/Uu Positioning

[image: Chart

Description automatically generated]
[bookmark: _Toc111204092]Observation 13: For the simulated commercial scenario, significant gains are observed even when a small number of SL anchors are being employed  in the positioning engine. 
3.1.2.2 Case 12-16: Absolute Positioning Accuracy: SL-only Positioning
[image: Chart, line chart

Description automatically generated]
[bookmark: _Toc111204093]Observation 14: For absolute positioning in the commercial scenario, having 3 or more SL anchors achieves sub-meter performance even without Uu measurements. 

3.1.2.3 Case 17-18: Absolute Positioning Accuracy: RTT vs RTT+AoA Positioning
[image: Chart

Description automatically generated with medium confidence]

[bookmark: _Toc111204094]Observation 15: For absolute positioning in the commercial scenario, RTT+AoA shows significant gains over RTT-only Positioning, especially at the tail (e.g. 90% 95% CDF point). 
1. IIoT Scenarios
In the next table we summarize the main parameters for the evaluation of IIoT scenarios:
	Parameter
	Value

	Cellular Deployment layout Assumption and Channel model
	UMI FR1, 200m ISD, 3.5 GHz, 30 KHz SCS, according to the simulation assumptions of TS 38.855

	D2D Channel model
	Channel model from TS 36.843 A.2.1.2

	UE drop
	10 outdoor UEs per sector uniformly dropped in the xy plane. All UEs are outdoors, and no buildings are dropped.

	Anchor UE selection for absolute positioning
	Closest 10 devices are being simulated for ranging and Angle of Arrival (AoA) Estimation

	SL PRS configuration
	Comb-2/2-symbols without interference across the devices



3.1.3.1 Case 19-20: Absolute Positioning Accuracy: Uu-only vs Joint SL/Uu Positioning
We now provide the absolute accuracy performance curves for Uu-only and Joint SL/Uu Positioning. We observe that, for absolute positioning in the InF-DH scenario, significant gains are observed in the tail of the CDF curnve, even when a small number of SL anchors are being employed  in the positioning engine.
[image: Chart, line chart
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[bookmark: _Toc111204095]Observation 16: For absolute positioning in the InF-DH scenario, having 3 or more SL anchors achieves sub-meter performance even without Uu measurements (e.g. 90% 95% CDF point).
4 Conclusions
Observation 1: Set A and Set B requirements for ranging in V2X applications cannot be met by the bandwidth available for ITS bands, i.e. 40 MHz.
Observation 2: Set A requirements for ranging in V2X is achieved when the SL-PRS bandwidth is 100 MHz.
Observation 3: Set B requirements for ranging in V2X is not met when the SL-PRS bandwidth is 100 MHz or less.
Observation 4: 0.5m ranging accuracy in V2X is achieved for 42% of the UE when the SL-PRS bandwidth is 100 MHz.
Observation 5: Set A and Set B absolute horizontal accuracy requirements for the longitudinal position are met for the highway scenario with 100 MHz SL PRS bandwidth using the parallel RSU distribution.
Observation 6: Only 11% and 55% of UEs meet the 0.5m and 1.5m absolute horizontal accuracy requirements, respectively, for the longitudinal position for the highway scenario with 40 MHz SL PRS bandwidth using the parallel RSU distribution.
Observation 7: Set A and Set B absolute horizontal accuracy requirements for the longitudinal position is met for the highway scenario with 100 MHz SL PRS bandwidth using the staggered RSU distribution.
Observation 8: Only 17% and 72% of UEs meet the 0.5m and 1.5m absolute horizontal accuracy requirements, respectively, for the longitudinal position for the highway scenario with 40 MHz SL PRS bandwidth using the staggered RSU distribution.
Observation 9: Set A and Set B absolute horizontal accuracy requirements for the lateral position are not met for the highway scenario using sidelink-only positioning.
Observation 10: The RSU drop model for highway scenarios leads to very large diluation of precision in the lateral position.
Observation 11: AoA measurements provide incemental accuracy gains over RTT-only positioning mainly for scenarios with smaller bandwidths.
Observation 12: For the simulated public safety scenario, achieving 1m accuracy at 90% requires more than 20 MHz of SL bandwidth.
Observation 13: For the simulated commercial scenario, significant gains are observed even when a small number of SL anchors are being employed  in the positioning engine.
Observation 14: For absolute positioning in the commercial scenario, having 3 or more SL anchors achieves sub-meter performance even without Uu measurements.
Observation 15: For absolute positioning in the commercial scenario, RTT+AoA shows significant gains over RTT-only Positioning, especially at the tail (e.g. 90% 95% CDF point).
Observation 16: For absolute positioning in the InF-DH scenario, having 3 or more SL anchors achieves sub-meter performance even without Uu measurements (e.g. 90% 95% CDF point).

Proposal 1: For evaluation of sidelink positioning, sidelink PRS and other sidelink communications are not FDMed with each other, i.e. they can only be TDMed.
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6 Appendix 
6.1 Simulation Assumptions
This section includes the simulation assumptions used for the V2X evaluations in Section 3.
	UE drop
	Highway

	Lanes
	6, 3 in each direction.

	Number of UEs
	42

	UE speed
	140 km/h

	Ranging method
	SL-RTT, single-shot, genie calibration.

	Antenna configuration
	2x2
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