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1 Introduction
In RAN#94e meeting, the study item on Rel-18 NR positioning was approved, where one of the potential enhancements is for sidelink positioning. As shown in the SID, some bullets for sidelink positioning are to define evaluation methodology and evaluate performance.
	· 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.


Agreed simulation assumptions
Agreements made in RAN1#109e meeting are shown as follows:
	Agreement
For SL positioning evaluation, V2X use case with highway and urban grid scenarios defined in TR 37.885 is supported.
· The road configuration for urban grid and highway provided in TR 37.885 Annex A is reused
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, UE dropping option A defined in section 6.1.2 of TR 37.885 is used, i.e.
· UE dropping option A is used for the highway scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
· UE dropping option A is used for the urban grid scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 60 km/h in all the lanes.
· In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, antenna model follows the description in TR 37.885 section 6.1.4.
· Vehicle UE option 1 is the baseline (Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9 in TR 37.885)
· Vehicle UE option 2 (two panels) can be optionally selected by companies
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, channel model follows description in TR 37.885 section 6.2. 
 
Agreement
· The following performance metrics for SL positioning accuracy evaluation is defined:
· For relative and absolute positioning
· horizontal accuracy
· vertical accuracy
· For ranging 
· Ranging for distance, i.e. accuracy of distance
· Ranging for angle, i.e. accuracy of angle
· Companies are required to output 
· The percentiles of positioning accuracy error including 50%, 67%, 80%, 90% of UEs, 
· FFS others
· And the CDF of positioning accuracy error
· Performance metrics other than positioning accuracy, such as PHY/end-to-end latency, are up to companies 
 
Agreement
· For absolute positioning evaluation, anchor UEs’ locations are known 
· In the evaluation of SL only positioning 
· Anchor UEs are used to locate target UEs
· In the evaluation of Joint Uu/SL positioning
· Both BS and anchor UEs are used to locate target UEs
· In the evaluation, relative positioning or ranging is performed between two UEs within X m
· FFS X which can be different for different scenarios, e.g. highway, urban grid, etc. 
· Companies can consider to provide simulation results based on multiple X values
· Positioning method should be reported by companies. 
 
Agreement
For SL positioning evaluation,
· The existing pattern and sequence of DL-PRS or positioning SRS can be reused as baseline for evaluation purpose.
· Companies should provide the description if other pattern and sequence are evaluated, 
· AGC settling time is considered by companies
· Explicit simulation of all links, individual parameters estimation is applied. Companies should provide description of applied algorithms for estimation of signal location parameters. 
· As baseline for absolute positioning, sidelink anchors location coordinates are perfectly known. 
· Uncertainty in the sidelink anchors location coordinates can be considered by companies
· As baseline, Perfect synchronization between network and anchor UEs in the evaluation is assumed.
· Network synchronization error and timing errors defined in TR 38.857 Table 6-1 can also be optionally used by companies for Synchronization between BS and BS, between BS and anchor UEs, and between anchor UEs.
 
Agreement
For SL positioning evaluation in highway and urban grid, the following simulation parameters are used for FR1
Evaluation parameters for SL positioning in FR1
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency 
	Uu : 4 GHz 
SL: 6 GHz
	Uu : 2 GHz or 4GHz
SL: 6 GHz

	BS Tx power 
	Macro BS: 49dBm 
	Macro BS: 49dBm 

	UE Tx power 
	Vehicle UE or UE type RSU: 23dBm
	Vehicle UE or UE type RSU: 23dBm

	BS receiver noise figure
	5dB
	5dB

	UE receiver noise figure
	9 dB


 
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: C:\Users\10207298.ZTE\AppData\Local\Temp\ksohtml5704\wps1.jpg] 
· 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. 
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Agreement
· For evaluation of relative positioning or ranging in highway scenario
· BSs are disabled, 
· UE type RSU may be disabled (as baseline) or enabled (as optional)
· If enabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically.
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
[image: C:\Users\10207298.ZTE\AppData\Local\Temp\ksohtml5704\wps2.jpg] 
· For evaluation of relative positioning or ranging in urban grid scenario 
· BSs are disabled (baseline), or enabled (optional)
· companies should report their assumption
· UE type RSU may be disabled or enabled (companies should report their assumption)
· If enabled, UE type RSU deployment follows the description in TR 36.885 section A.1.3.
· If enabled, companies can provide additional RSU deployment, e.g. additional RSUs are added to RSU deployment in TR 36.885
 
Agreement
· For SL positioning evaluation, simulation bandwidths of 10, 20, 40 and 100 MHz in FR1 can be used. 
· For SL positioning evaluation, simulation bandwidths of 100, 200 and 400MHz in FR2 can be used.
 
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 for IIOT use cases, InF-SH and/or InF-DH defined in TR 38.857 are used
 
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


 
Agreements made in RAN1#110 meeting are shown as follows:
	Agreement
For SL positioning evaluation, V2X use case with highway and urban grid scenarios defined in TR 37.885 is supported.
· The road configuration for urban grid and highway provided in TR 37.885 Annex A is reused
 
Agreement
For SL positioning evaluation in IIOT use case, companies should report how to drop anchor UEs and how to select anchor UEs
Agreement
Adopt the tables in section 3 of R1-2207606 as templates to collect SL positioning simulation results from each company.
Agreement
In the evaluation, relative positioning or ranging is performed between two UEs within X m, where X value(s) are reported by companies, and companies should also report the minimum distance used in the evaluations for each use case. The assumption used for X will be included in the TR for each set of results.

Agreement
For SL positioning evaluation purpose, the following assumptions are further adopted
· Companies should report whether SL-PRS and other SL signals are FDMed or not FDMed, and whether other SL signals are present
· Adopting system level simulations (rather than the link level simulations) as the baseline tool 
· For SL positioning evaluation in highway scenario or urban grid scenario, the performance metrics can include absolute horizontal accuracy, relative horizontal accuracy, ranging with distance accuracy, and ranging with direction accuracy (optionally). 
· In highway and urban grid scenarios, companies can further consider other UE types, e.g. pedestrian UE or VRU devices.




Positioning requirements
The agreed Rel-18 Positioning requirements are summarized here for reference [9].
	SL Positioning KPIs
	V2X 
	Public Safety 
	IIoT 
	Commercial

	Horizontal Positioning Accuracy
	Set A: 1.5 m for 90% of UEs (absolute or relative)
	 
 1 m for 90% of UEs; (absolute and relative)
 
	Set A: 1 m (absolute or relative) for 90% of UEs
	 
 1 m (absolute or relative) for 90% of UEs

	
	
	
	Set B: 0.2 m (absolute or relative) for 90% of UEs
	

	
	 Set B: 0.5 m for 90% of UEs (absolute or relative)
	
	
	

	Vertical Positioning Accuracy
	Set A: 3 m for 90% of UEs (absolute or relative)
 
	2 m (absolute or relative between 2 UEs) for 90% of UEs
	Set A: 1 m (absolute or relative) for 90% of UEs
	 
 
2 m (absolute or relative) for 90% of UEs

	
	Set B: 2 m for 90% of UEs (absolute or relative)
	0.3 m (relative positioning change for 1 UE) for 90% of UEs
	Set B: 0.2 m (absolute or relative) for 90% of UEs
	

	Angle Accuracy
	Set A: Y = ±15° for 90% of the UEs

	
	Set B: Y = ±8° for 90% of the 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
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Check points
This contribution provides the moderator summary of SL positioning evaluation. 
If companies results are not correctly captured, you can directly revise the proposals with trace marks (only on your own source). 

 
2 Evaluation of Bandwidth Requirements to meet Identified Accuracy Requirements
2.1 (Closed) Highway for V2X use case
Observation in RAN1#110bis-e
Observation
For V2X use case in highway scenario, 13 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Samsung 12], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provides simulation results for FR2. 
· For absolute horizontal accuracy, the results were provided by 13 sources. 11 out of 13 sources show that, the target requirement set A can be achieved, and 9 out of 13 sources show that the target requirement set B cannot be achievable even by 100MHz.
· The requirement 1.5m@90% (Set A)
· is achieved with 20MHz bandwidth in contributions from 3 sources ([ZTE,CMCC 7], [Lenovo 9], [CEWiT 16]),
· where SL ToA+AoA technique and optional antenna configuration is used in contribution from ([Lenovo 9])
· and is achieved with at least 40MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [LG 10], [Samsung 12]), 
· and is achieved with at least 100MHz bandwidth in contributions from 5 sources ([vivo 3], [OPPO 4], [Sony 6], [Lenovo 9], [Ericsson 17]),
· where SL-TDOA technique is used in contribution from ([Lenovo 9])
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([Qualcomm 14], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with 40MHz in contribution from 1 source ([Samsung 12]),
· and is achieved with at least100MHz in contributions from 3 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7]),
· where Joint Uu/SL positioning is used in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]),
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· For absolute vertical accuracy, the results were provided by 1 source out of 13 sources.
· The requirement 3m@90% (Set A)
· is achieved with at least 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· The requirement 2m@90% (Set B)
· is achieved with 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· For relative horizontal accuracy, the results were provided by 5 sources out of 13 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 5 sources show Set B cannot be met even by 100MHz in the case without RSU-UE positioning. 
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 40MHz bandwidth in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])
· X = 20m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· and is achieved with at least 100MHz bandwidth in contributions from 3 source ([Huawei 2], [CATT,GOHIGH 5], [CEWiT 16])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 150m in contributions from ([Huawei 2], [CEWiT 16]), where BS or RSU deployment is additionally used for performing relative positioning
· and is NOT achieved with 100MHz bandwidth in contributions from 4 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6])
· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 50m in contribution from ([Sony 6])
· X = 50m and 150m in contribution from ([Huawei 2]) 
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz bandwidth in contribution from 1 source ([Huawei 2])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [CEWiT 16])
· For distance accuracy of ranging, the results were provided by 9 out of 13 sources. 5 of 9 sources show that the target requirement set A can be achievable by 20MHz, and 5 out of 9 sources show that the target requirement set B can be achievable by larger bandwidth, e.g. 40MHz or 100MHz, and 3 of 9 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [CEWiT 16])
· X = 50m and 150 in contribution from ([Huawei 2])
· X = 20m, 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 150m in contribution from ([CEWiT 16]), where RSU deployment is additionally used for performing distance ranging
· X = 100m, 200m and 300m in contribution from ([ZTE,CMCC 7])
· and is achieved with at least 40MHz bandwidth in contribution from 1 source ([LG 10])
· X = 80m and 160m in contribution from ([LG 10])
· and is achieved with at least 100MHz bandwidth in contributions from 4 sources ([Sony 6], [Lenovo 9], [Qualcomm 14], [Intel 15])
· X = 50m in contribution from ([Sony 6])
· X = 50m and 100m in contributions from ([Lenovo 9], [Intel 15])
· X = 100 m in contribution from ([Qualcomm 14])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 3 sources ([Huawei 2], [vivo 3], [CEWiT 16])
· X = 50m in contribution from ([Huawei 2])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 150m in contribution from ([CEWiT 16]), where RSU deployment is additionally used for performing distance ranging
· and is achieved with at least 100MHz in contributions from 4 sources ([Sony 6], [Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· X = 150m in contribution from ([Huawei 2])
· X = 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· X = 100m in contribution from ([ZTE,CMCC 7]
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Lenovo 9], [Qualcomm 14], [Intel 15])
· X = 50m and 100m in contributions from ([Lenovo 9], [Intel 15])
· X = 100 m in contribution from ([Qualcomm 14])
· For angle accuracy of ranging, the results were provided by 6 sources out of 13 sources. All 6 sources show that both the target requirement set A and set B can be achieved by 20MHz or 40MHz. 
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3] ,[CATT,GOHIGH 5], [Sony 6], [Lenovo 9]),
· and is achieved with 40MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contributions from 3 sources ([Huawei 2], [Sony 6], [Lenovo 9]),
· and is achieved with at least 40MHz in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· Note: the above observations can be further updated in next meeting depending on companies’ new/update of simulation results, including editorial modifications, X values, replacing sources by references, additional sources and other revisions. 
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: a list of the sources that used super resolution in the evaluations will be captured in the observations in next meeting.

Round 1
FL comments: To make the summary brief, I didn’t copy companies’ observations from their contributions to here. For easy tracking, I highlight the change part. Since the note is shared for all metrics, I didn’t split the observation as mentioned by companies before. For the observation summary for each metric, only majority views are summarized. If no clear majority, no summary is listed. In some cases from some sources, only LOS links are used for comparison, I didn’t use those cases for the observation summary.


Observation 2.1-1: Update the observation for V2X use case in highway scenario as follows
For V2X use case in highway scenario, 134 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Samsung 12], [Fraunhofer 13], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]) provide simulation results for FR1, and 2 sources ([LG 10], [CEWiT 16]) provides simulation results for FR2. 
· For absolute horizontal accuracy, the results were provided by 134 sources. 112 out of 134 sources show that, the target requirement set A can be achieved, and 9 out of 13 sources show that the target requirement set B cannot be achievable even by 100MHz.
· The requirement 1.5m@90% (Set A)
· is achieved with 20MHz bandwidth in contributions from 32 sources ([Huawei 2], [ZTE,CMCC 7]),
· where Joint Uu/SL positioning is used in contributions from ([Huawei 2], [ZTE,CMCC 7])
· and is achieved with at least 40MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [LG 10], [Samsung 12]), 
· where SL-only positioning is used in contribution from ([Huawei 2])
· and is achieved with at least 100MHz bandwidth in contributions from 57 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Fraunhofer 13], [CEWiT 16]),
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· where SL-TDOA technique is used in contributions from ([Lenovo 9], [CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Lenovo 9], [Qualcomm 14], [Intel 15])
· where two anchors SL AoA technique is used in contribution from ([Lenovo 9])
·  and is achieved with 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])
· where no minimum distance between assumed anchor and target UE in contribution from ([CEWiT 16])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least100MHz in contributions from 5 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Samsung 12], [Fraunhofer 13]),
· where Joint Uu/SL positioning is used in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]),
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])
·  and is achieved with 400MHz bandwidth in FR2 in contribution from 1 source ([LG 10])
· For absolute vertical accuracy, the results were provided by 1 source out of 13 14 sources.
· The requirement 3m@90% (Set A)
· is achieved with at least 100MHz bandwidth by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7])
· and is NOT achieved with 100MHz bandwidth by using SL-only positioning in contribution from 1 source ([ZTE,CMCC 7])
· The requirement 2m@90% (Set B)
· is achieved with 100MHz bandwidth by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7])
· and is NOT achieved with 100MHz bandwidth by using SL-only positioning in contribution from 1 source ([ZTE,CMCC 7])
· 
· For relative horizontal accuracy, the results were provided by 7 sources out of 13 14 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. 5 out of 7 sources show Set A can be achieved with at least 100MHz especially for the cases with smaller X values or RSU assist, and 5 out of 7 sources show that Set A cannot be met with 100MHz PRS bandwidth especially for the cases with larger X values or without RSU assist. All 7 sources show Set B cannot be met even by 100MHz in the case without RSU-UE positioning. 
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contribution from 1 source ([Lenovo 9])
· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· is achieved with at least 40MHz bandwidth in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])
· X = 20m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· and is achieved with at least 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([ZTE,CMCC 7])
· X = 25m, 50m and 100m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· X = 150m in contribution from ([Huawei 2], [CEWiT 16]), where BS or RSU deployment is additionally used for performing relative positioning
· X = 200m in contribution from ([CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7])
· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 50m, 100m and 150m  in contribution from ([Sony 6])
· X = 50m and 150m in contribution from ([Huawei 2]) 
· X = 150m and 300m in contribution from ([ZTE,CMCC 7])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz bandwidth in contributions from 2 sources ([Huawei 2], [Lenovo 9])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is additionally used for performing relative positioning
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16])
· For distance accuracy of ranging, the results were provided by 9 12 out of 13 14 sources. 5 7 of 9 12 sources show that the target requirement set A can be achievable by 1020MHz, and 5 out of 9 sources show that the target requirement set B can be achievable by larger bandwidth, e.g. 40MHz or 100MHz, and 3 7 of 9 12 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [LG 10]CEWiT 16])
· X = 50m and 150 in contribution from ([Huawei 2])
· X = 20m, 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 150m in contribution from ([CEWiT 16]), where RSU deployment is additionally used for performing distance ranging
· X = 50m, 100m, 150m, 200m and 300m in contribution from ([ZTE,CMCC 7])
· X = 80m and 160m in contribution from ([LG 10])
· and is achieved with at least 40MHz bandwidth in contribution from 2 sources ([CATT,GOHIGH 5], [Sony 6])[LG 10])
· X = 20m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· X = 80m and 160m in contribution from ([LG 10])
· and is achieved with at least 100MHz bandwidth in contributions from 7 sources ([OPPO 4], [Sony 6], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 50m 50m in contribution from ([Sony 6])
· X = 100 m in contribution from ([Lenovo 9])
· X = 50m and 100m in contribution from (([Lenovo 9], [Intel 15])
· X = 200 m in contributions from ([Qualcomm 14], [CEWiT 16])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 32 sources ([Huawei 2], [vivo 3], [CEWiT 16])
· X = 50m in contribution from ([Huawei 2])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 150m in contribution from ([CEWiT 16]), where RSU deployment is additionally used for performing distance ranging
· and is achieved with at least 100MHz in contributions from 4 sources ([Sony 6], [Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· X = 150m in contribution from ([Huawei 2])
· X = 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· X = 50m, 100m, 150m, 200m and 300m in contribution from ([ZTE,CMCC 7]
· and is NOT achieved with 100MHz bandwidth in contributions from 37 sources ([OPPO 4], [Sony 6], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15], [CEWiT 16])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 100m and 150m in contribution from ([Sony 6])
· X = 100 m in contribution from ([Lenovo 9])
· X = 80m and 160m in contribution from ([LG 10])
· X = 50m and 100m in contribution from ([Lenovo 9], [Intel 15])
· X = 200 m in contributions from ([Qualcomm 14], [CEWiT 16])
· and is achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· X = 200 m in contribution from ([CEWiT 16])
· For angle accuracy of ranging, the results were provided by 6 sources out of 14 sources. All 6 sources show that both the target requirement set A and set B can be achieved by 20MHz or 40MHz. 
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 56 sources ([Huawei 2], [vivo 3] ,[CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9]),
· and is achieved with 40MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])X = 50m and 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for X=150m for performing ranging
· X = 25m, 50m, and 100m in contribution from ([vivo 3]) 
· X = 20m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 50m, 100m and 150m in contribution from ([Sony 6])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contributions from 34 sources ([Huawei 2], [Sony 6], [ZTE,CMCC 7], [Lenovo 9]),
· X = 50m and 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for X=150m for performing ranging
· X = 50m, 100m and 150m in contribution from ([Sony 6])
· and is achieved with at least 40MHz in contributions from 32 sources ([vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· X = 50m, and 100m in contribution from ([vivo 3])
· X = 20m, 100m and 150m in contribution from ([CATT,GOHIGH 5])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Intel 15], [CEWiT 16]),  and is not used by sources ([OPPO 4], [LG 10], [Fraunhofer 13], [Qualcomm 14], [Samsung 12])


	Company
	Comments 

	CATT
	We are fine with the observation in principle. 
It seems that there are several typos (contributions should be  in the singular), we prefer to correct these typos in the above observation.
e.g.:
· and is NOT achieved with 200MHz bandwidth in FR2 in contribution from 1 sources ([CEWiT 16])
·  and is achieved with 400MHz bandwidth in FR2 in contribution from 1 sources ([LG 10])


	Samsung
	 Thanks for the updated observation. We updated the note about super resolution 

	Qualcomm
	A question for Fraunhofer and Samsung, could you please clarify details of the method used to obtain the very high accuracy results, in particular compared to other companies which did not use super resolution and those that presented results using both (e.g. LGE)?

	FL
	@CATT thanks for the careful check. I have fixed all this type of typos.  





Offline consensus

Observation 2.1-1: Update the observation for V2X use case in highway scenario as follows
For V2X use case in highway scenario, 14 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Samsung 12], [Fraunhofer 13], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]) provide simulation results for FR1, and 2 sources ([LG 10], [CEWiT 16]) provide simulation results for FR2. 
· For absolute horizontal accuracy, the results were provided by 14 sources. 12 out of 14 sources show that, the target requirement set A can be achieved, and 9 out of 13 sources show that the target requirement set B cannot be achievable even by 100MHz.
· The requirement 1.5m@90% (Set A)
· is achieved with 20MHz bandwidth in contributions from 2 sources ([Huawei 2], [ZTE,CMCC 7]),
· where Joint Uu/SL positioning is used in contributions from ([Huawei 2], [ZTE,CMCC 7])
· and is achieved with at least 40MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [LG 10], [Samsung 12]), 
· where SL-only positioning is used in contribution from ([Huawei 2])
· and is achieved with at least 100MHz bandwidth in contributions from 7 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Fraunhofer 13], [CEWiT 16]),
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· where SL-TDOA technique is used in contributions from ([Lenovo 9], [CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Lenovo 9], [Qualcomm 14], [Intel 15])
· where two anchors SL AoA technique is used in contribution from ([Lenovo 9])
·  and is achieved with 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])
· where no minimum distance between assumed anchor and target UE in contribution from ([CEWiT 16])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least100MHz in contributions from 5 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Samsung 12], [Fraunhofer 13]),
· where Joint Uu/SL positioning is used in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]),
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])
·  and is achieved with 400MHz bandwidth in FR2 in contribution from 1 source ([LG 10])
· For absolute vertical accuracy, the results were provided by 1 source out of 14 sources.
· The requirement 3m@90% (Set A)
· is achieved with at least 100MHz bandwidth by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7])
· and is NOT achieved with 100MHz bandwidth by using SL-only positioning in contribution from 1 source ([ZTE,CMCC 7])
· The requirement 2m@90% (Set B)
· is achieved with 100MHz bandwidth by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7])
· and is NOT achieved with 100MHz bandwidth by using SL-only positioning in contribution from 1 source ([ZTE,CMCC 7])
· For relative horizontal accuracy, the results were provided by 7 sources out of 14 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. 5 out of 7 sources show Set A can be achieved with at least 100MHz especially for the cases with smaller X values or RSU assist, and 5 out of 7 sources show that Set A cannot be met with 100MHz PRS bandwidth especially for the cases with larger X values or without RSU assist. All 7 sources show Set B cannot be met even by 100MHz in the case without RSU-UE positioning. 
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contribution from 1 source ([Lenovo 9])
· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· is achieved with at least 40MHz bandwidth in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])
· X = 20m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· and is achieved with at least 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([ZTE,CMCC 7])
· X = 25m, 50m and 100m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· X = 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for performing relative positioning
· X = 200m in contribution from ([CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7])
· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 50m, 100m and 150m in contribution from ([Sony 6])
· X = 50m and 150m in contribution from ([Huawei 2]) 
· X = 150m and 300m in contribution from ([ZTE,CMCC 7])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz bandwidth in contributions from 2 sources ([Huawei 2], [Lenovo 9])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16])
· For distance accuracy of ranging, the results were provided by 12 out of 14 sources. 7 of 12 sources show that the target requirement set A can be achievable by 100MHz, and 7 of 12 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [LG 10])
· X = 50m and 150 in contribution from ([Huawei 2])
· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 50m, 100m, 150m, 200m and 300m in contribution from ([ZTE,CMCC 7])
· X = 80m and 160m in contribution from ([LG 10])
· and is achieved with at least 40MHz bandwidth in contribution from 2 sources ([CATT,GOHIGH 5], [Sony 6])
· X = 20m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· and is achieved with at least 100MHz bandwidth in contributions from 7 sources ([OPPO 4], [Sony 6], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 50m in contribution from ([Sony 6])
· X = 100 m in contribution from ([Lenovo 9])
· X = 50m and 100m in contribution from ([Intel 15])
· X = 200 m in contributions from ([Qualcomm 14], [CEWiT 16])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 2 sources ([Huawei 2], [vivo 3])
· X = 50m in contribution from ([Huawei 2])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· and is achieved with at least 100MHz in contributions from 4 sources ([Sony 6], [Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· X = 150m in contribution from ([Huawei 2])
· X = 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· X = 50m, 100m, 150m, 200m and 300m in contribution from ([ZTE,CMCC 7]
· and is NOT achieved with 100MHz bandwidth in contributions from 7 sources ([OPPO 4], [Sony 6], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15], [CEWiT 16])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 100m and 150m in contribution from ([Sony 6])
· X = 100 m in contribution from ([Lenovo 9])
· X = 80m and 160m in contribution from ([LG 10])
· X = 50m and 100m in contribution from ([Intel 15])
· X = 200 m in contributions from ([Qualcomm 14], [CEWiT 16])
· and is achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· X = 200 m in contribution from ([CEWiT 16])
· For angle accuracy of ranging, the results were provided by 6 sources out of 14 sources. All 6 sources show that both the target requirement set A and set B can be achieved by 20MHz or 40MHz. 
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 6 sources ([Huawei 2], [vivo 3] ,[CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9]),
· X = 50m and 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for X=150m for performing ranging
· X = 25m, 50m, and 100m in contribution from ([vivo 3]) 
· X = 20m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 50m, 100m and 150m in contribution from ([Sony 6])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contributions from 4 sources ([Huawei 2], [Sony 6], [ZTE,CMCC 7], [Lenovo 9]),
· X = 50m and 150m in contribution from ([Huawei 2]), where RSU deployment is additionally used for X=150m for performing ranging
· X = 50m, 100m and 150m in contribution from ([Sony 6])
· and is achieved with at least 40MHz in contributions from 2 sources ([vivo 3], [CATT,GOHIGH 5])
· X = 50m, and 100m in contribution from ([vivo 3])
· X = 20m, 100m and 150m in contribution from ([CATT,GOHIGH 5])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Intel 15], [CEWiT 16]),  and is not used by sources ([OPPO 4], [LG 10], [Fraunhofer 13], [Qualcomm 14], [Samsung 12])


2.2 (Closed) Urban grid for V2X use case 
Observation in RAN1#110bis-e
Observation
For V2X use case in Urban grid scenario, 10 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provide simulation results for FR2.
· For absolute horizontal accuracy, the results were provided by 8 out of 13 sources. 5 out of 8 sources show that target requirements set A cannot be achieved, and 7 out of 8 sources show that target requirements set B cannot be achieved.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 2 sources ([Lenovo 9], [CEWiT 16]),
· where SL ToA+AoA technique and optional antenna configuration is used in contribution from ([Lenovo 9])
· and is achieved with at least100MHz in contribution from 1 source ([ZTE,CMCC 7]),
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7]),
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Lenovo 9], [Intel 15], [CEWiT 16])
· For Relative horizontal accuracy, the results were provided by 5 out of 13 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 5 sources show that the target requirement set B is not achieved even by 100MHz. 3 sources show that the target requirement Set A can be achieved by 40MHz or 100MHz in case of X=10m.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 40MHz bandwidth in contribution from 1 sources ([vivo 3])
· only for the case of X = 10m and the relative positioning is performed with LOS link only in contribution from ([vivo 3])
· and is achieved with at least100MHz bandwidth in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])
· X = 10m in contributions from ([Huawei 2], [CATT,GOHIGH 5])
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([vivo 3], [Huawei 2], [CATT,GOHIGH 5], [Sony 6], [CEWiT 16])
· X = 50m in contribution from ([Huawei 2])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 30m in contribution from ([Sony 6])
· X = 10m, 25m, and 50m in contribution from ([vivo 3])
· The requirement 0.5m@90% (Set B) 
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [CEWiT 16])
· For distance accuracy of ranging, the results were provided by 9 out of 13 sources. Based on the results by a majority of sources, target requirements set A may be achievable by smaller bandwidth, e.g. 20MHz or 40MHz, and set B may be achieved by larger bandwidth, e.g. 100MHz or may even not be achievable.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 20MHz in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5],, [CEWiT 16])
· X = 25m in the case when the relative positioning is performed with all links, X = 25m, 50m, and 100m in the case when the relative positioning is performed with LOS link only in contribution from ([vivo 3]) 
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 150m in contribution from ([CEWiT 16]) where RSU deployment is additionally used for performing distance ranging
· and is achieved with at least 40MHz in contributions from 2 sources ([ZTE,CMCC 7], [xiaomi 8])
· X = 20m and 30m in contribution from ([ZTE,CMCC 7])
· X = 20m, 50m and 100m in contribution from ([xiaomi 8])
· and is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])
· X = 10 and 50m in contribution from ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth in contributions from 4 sources ([vivo 3], [Sony 6], [Lenovo 9], [Intel 15])
· X = 50m and 100m in contribution from ([vivo 3])
· X = 30m in contribution from ([Sony 6])
· X = 50m, 100m in contribution from ([Lenovo 9], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contribution from 1 source ([vivo 3])
· X = 25m, 50m, 100m in the case when the relative positioning is performed only with LOS links in contribution from ([vivo 3])
· and is achieved with at least 100MHz in contributions from 3 sources ([Huawei 2], [CATT,GOHIGH 5], [xiaomi 8])
· X = 10m and 50m in contribution from ([Huawei 2])
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5]
· X = 20m, 50m, 100m in contribution from ([xiaomi 8])
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 6 sources ([vivo 3], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Intel 15], [CEWiT 16])
·  where the relative positioning is performed with all links in contribution from ([vivo 3])
· For angle accuracy of ranging, the results were provided by 5 out of 13 sources. 
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz in contribution from 2 sources ([Lenovo 9], [Huawei 2])
· and is achieved with at least 100MHz in contribution from 1 source [CATT,GOHIGH 5]
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([vivo 3], [Sony 6])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contribution from 1 source ([Lenovo 9])
· and is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6])
· Note: the above observations can be further updated in next meeting depending on companies’ new/update of simulation results, including editorial modifications, X values, replacing sources by references, additional sources and other revisions. 
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: a list of the sources that used super resolution in the evaluations will be captured in the observations in next meeting.

Round 1
Observation 2.2-1: Update the observation for V2X use case in Urban grid scenario as follows
For V2X use case in Urban grid scenario, 11 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provide simulation results for FR2. 
· For absolute horizontal accuracy, the results were provided by 9 out of 11 sources. 7 out of 9 sources show that target requirements set A cannot be achieved with 100MHz, and 7 out of 89 sources show that target requirements set B cannot be achieved with 100MHz.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from  sources ([Lenovo 9], [CEWiT 16]),
· where SL ToA+AoA technique and optional antenna configuration is used in contribution from ([Lenovo 9])
· and is achieved with at least100MHz by using Joint Uu/SL positioning in contribution from 1 3 sources ([ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 7 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [Intel 15])
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· where two achors SL AOA positioning is used in contribution from ([Lenovo 9])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7]),
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16])
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· For Relative horizontal accuracy, the results were provided by 6 out of 11 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 6 sources show that the target requirement set B is not achieved even by 100MHz. 3 5 out of 6 sources show that the target requirement Set A can be achieved by 40MHz100MHz especially for the cases with smaller X values.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 2 sources ([Lenovo 9], [CEWiT 16])
· X = 25m and 50m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· X = 250m in contribution from ([CEWiT 16])
· is achieved with at least 40MHz bandwidth in contribution from 1 sources ([vivo 3])
· only for the case of X = 10m and the relative positioning is performed with LOS link only in contribution from ([vivo 3])
· and is achieved with at least100MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [Sony 6], [Lenovo 9])
· X = 10m in contribution from ([Huawei 2], [CATT,GOHIGH 5])
· X = 10m in contribution from ([Sony 6])
· X = 10m and 50m in contribution from ([Huawei 2]) 
· X = 25m, 50m and 100m in contribution from ([Lenovo 9])
· and is NOT achieved with 100MHz bandwidth in contributions from 53 sources ([vivo 3], [Huawei 2], [CATT,GOHIGH 5], [Sony 6]), [CEWiT 16])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 30m50m in contribution from ([Sony 6])
· X = 10m, 25m, and 50m in contribution from ([vivo 3])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least100MHz bandwidth in contribution from 1 source ([Lenovo 9])
· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 6 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [Lenovo 9], [CEWiT 16])
· X = 10m, 30m and 50m in contribution from ([Sony 6])
· X = 50m and 100m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· X = 250m in contribution from ([CEWiT 16])
· For distance accuracy of ranging, the results were provided by 9 out of 13 11 sources. Based on the results by a majority of sources, target requirements set A may be achievable by smaller bandwidth, e.g. 20MHz or 40MHz, and set B may be achieved by larger bandwidth, e.g. 100MHz or may even not be achievable. 6 out of 11 sources show that the target requirement Set A can be achieved by 20MHz or 40MHz. 7 out of 11 sources show that the target requirement Set B cannot be achieved by 100MHz.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 20MHz in contributions from 4 sources ([vivo 3], [CATT,GOHIGH 5], [Lenovo 9], [CEWiT 16])
· X = 25m in the case when the relative positioning is performed with all links, X = 25m, 50m, and 100m in the case when the relative positioning is performed with LOS link only in contribution from ([vivo 3]) 
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 100m in contribution from ([Lenovo 9])
· X = 250m in contribution from ([CEWiT 16]) where RSU deployment is additionally used for performing distance ranging
· and is achieved with at least 40MHz in contributions from 2 sources ([ZTE,CMCC 7], [xiaomi 8])
· X = 20m and 30m in contribution from ([ZTE,CMCC 7])
· X = 20m, 50m and 100m in contribution from ([xiaomi 8])
· and is achieved with at least 100MHz in contributions from 4 sources ([Huawei 2], [OPPO 4], [Sony 6], [Qualcomm 14])
· X = 10 and 50m in contribution from ([Huawei 2])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 10m and 30m in contribution from ([Sony 6])
· X = 30m in contribution from [Qualcomm 14])
· and is NOT achieved with 100MHz bandwidth in contributions from 43 sources ([vivo 3], [Sony 6], [ZTE,CMCC 7][Lenovo 9], [Intel 15])
· X = 50m and 100m in contribution from ([vivo 3])
· X = 30m in contribution from ([Sony 6])X = 50m, 80m and 100m in contribution from ([ZTE,CMCC 7])
· X = 50m, 100m in contribution from ([Lenovo 9], [Intel 15])
· and is achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· 
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 20MHz in contribution from 1 source ([CEWiT 16])
· X = 250m in contribution from ([CEWiT 16])
· is achieved with at least 40MHz in contribution from 1 source ([vivo 3])
· X = 25m, 50m, 100m in the case when the relative positioning is performed only with LOS links in contribution from ([vivo 3])
· and is achieved with at least 100MHz in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [Sony 6], [xiaomi 8])
· X = 10m and 50m in contribution from ([Huawei 2])
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 10m in contribution from ([Sony 6])
· X = 20m, 50m, 100m in contribution from ([xiaomi 8]) 
· where the relative positioning is performed with all links in contribution from ([vivo 3])
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 67 sources ([vivo 3], [OPPO, 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16])
· X = 30m and 50m in contribution from ([Sony 6])
· X = 30m in contribution from [Qualcomm 14])
· and is NOT achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· 
· 
· For angle accuracy of ranging, the results were provided by 5 6 out of 13 11 sources. 5 out of 6 sources show that the target requirement Set A can be achieved with 20MHz or 40MHz, and 4 out 6 sources show that the target requirement Set B cannot be achieved with 100MHz. 
· The requirement 15°@90% (Set A) 
· is achieved with at least 20MHz in contribution from 24 sources ([Huawei 2], [Sony 6], [xiaomi 8], [Lenovo 9])
· X = 10 and 50m in contribution from ([Huawei 2])
· X = 10m, 30m and 50m in contribution from ([Sony 6])
· Optional antenna configuration is used and X = 20m in contribution from ([xiaomi 8])
· X = 50m and 100m in contribution from ([Lenovo 9])
· and is achieved with at least 40MHz in contribution from 2 sources ([CATT,GOHIGH 5], [xiaomi 8])
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· Optional antenna configuration is used and X = 50m or 100m  in contribution from ([xiaomi 8])
· 
· and is achieved with at least 100MHz in contribution from 1 source [CATT,GOHIGH 5]
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([vivo 3], [Sony 6][xiaomi 8])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contribution from 1 source ([Lenovo 9])
· X = 50m and 100m in contribution from ([Lenovo 9])
· 
· 
· and is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· X = 10m and BS is additionally used for performing ranging in contribution from ([Huawei 2])
· and is achieved with at least 100MHz in contribution from 3 sources ([Huawei 2], [Sony 6], [xiaomi 8])
· X = 10m and 50m in contribution from ([Huawei 2])
· X = 10m and 30m in contribution from ([Sony 6])
· Optional antenna configuration is used and X = 20m in contribution from ([xiaomi 8])
· and is NOT achieved with 100MHz bandwidth in contributions from 34 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6], [xiaomi 8])
· X = 50m in contribution from ([Sony 6])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Intel 15], [CEWiT 16]), and is not used by sources ([OPPO 4], [Qualcomm 14])

	Company
	Comments  

	CATT
	We are fine with the observation in principle. 
It seems that there are several typos (contributions should be  in the singular), we prefer to correct these typos in the above observation.
e.g.:
· X = 10m and 30m in contributions from ([Sony 6])


	Qualcomm
	We used SL-only positioning for absolute positioning results.

Could CeWIT clarify why performance degrades with increasing bandwidth in their contribution? For example, the 90th percentile is at 1.38m for 100 MHz but is at 1.0m for 20 MHz?

Lastly, we think that LOS-only results should not be captured in the observation. The agreed simulation assumptions do not allow for evaluating only LOS links.

	FL
	@CATT thanks for the careful check. I have fixed all this type of typos.  
@QC For LOS-only results, I agree with you. In general, in the above observations, I didn’t use LOS-only cases from contributions.


	CEWiT
	We are fine with observation. 
@QC thank you comments. Your observation is correct. It do not follow the trend for two reasons. We selected LOS links in anchors being V2XUE and assumed no minimum distance. No minimum distance is valid assumption in urban scenario specially country like India where city road are very much densely crowded and in such scenario LOS possibility it High. So we observed the performance is saturated in term of bandwidth. Hope this clears the doubts.





For online
Observation 2.2-1: Update the observation for V2X use case in Urban grid scenario as follows
For V2X use case in Urban grid scenario, 11 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provide simulation results for FR2. 
· For absolute horizontal accuracy, the results were provided by 9 out of 11 sources. 7 out of 9 sources show that target requirements set A cannot be achieved with 100MHz, and 9 sources show that target requirements set B cannot be achieved with 100MHz.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least100MHz by using Joint Uu/SL positioning in contribution from 3 sources ([ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16])
· where LOS-only links are used in contribution from ([CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in contributions from 7 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [Intel 15])
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· where two achors SL AOA positioning is used in contribution from ([Lenovo 9])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz by using Joint Uu/SL positioning in contribution from 1 source ([ZTE,CMCC 7]),
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16])
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· where LOS-only links are used in contribution from ([CEWiT 16])
· For Relative horizontal accuracy, the results were provided by 6 out of 11 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 6 sources show that the target requirement set B is not achieved even by 100MHz. 5 out of 6 sources show that the target requirement Set A can be achieved by 100MHz especially for the cases with smaller X values.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 2 sources ([Lenovo 9], [CEWiT 16])
· X = 25m and 50m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· X = 250m and LOS-only links are used in contribution from ([CEWiT 16])
· contribution from 1 sourceand is achieved with at least100MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [Sony 6], [Lenovo 9])
· X = 10m in contribution from ([CATT,GOHIGH 5])
· X = 10m in contribution from ([Sony 6])
· X = 10m and 50m in contribution from ([Huawei 2]) 
· X = 25m, 50m and 100m in contribution from ([Lenovo 9])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· X = 10m, 25m, and 50m in contribution from ([vivo 3])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least100MHz bandwidth in contribution from 1 source ([Lenovo 9])
· X = 25m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 6 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [Lenovo 9], [CEWiT 16])
· X = 10m, 30m and 50m in contribution from ([Sony 6])
· X = 50m and 100m in contribution from ([Lenovo 9]) where RSU deployment is used for performing relative positioning
· X = 250m and LOS-only links are used in contribution from ([CEWiT 16])
· For distance accuracy of ranging, the results were provided by 11 sources. 6 out of 11 sources show that the target requirement Set A can be achieved by 20MHz or 40MHz. 7 out of 11 sources show that the target requirement Set B cannot be achieved by 100MHz.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 20MHz in contributions from 4 sources ([vivo 3], [CATT,GOHIGH 5], [Lenovo 9], [CEWiT 16])
· X = 25m in contribution from ([vivo 3]) 
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 100m in contribution from ([Lenovo 9])
· X = 250m in contribution from ([CEWiT 16]) where RSU deployment is additionally used for performing distance ranging and LOS-only links are used
· and is achieved with at least 40MHz in contributions from 2 sources ([ZTE,CMCC 7], [xiaomi 8])
· X = 20m and 30m in contribution from ([ZTE,CMCC 7])
· X = 20m, 50m and 100m in contribution from ([xiaomi 8])
· and is achieved with at least 100MHz in contributions from 4 sources ([Huawei 2], [OPPO 4], [Sony 6], [Qualcomm 14])
· X = 10 and 50m in contribution from ([Huawei 2])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 10m and 30m in contribution from ([Sony 6])
· X = 30m in contribution from [Qualcomm 14])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([vivo 3], [ZTE,CMCC 7], [Intel 15])
· X = 50m and 100m in contribution from ([vivo 3])
· X = 50m, 80m and 100m in contribution from ([ZTE,CMCC 7])
· X = 50m, 100m in contribution from ([Intel 15])
· and is achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used in contribution from (CEWiT 16)
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 20MHz in contribution from 1 source ([CEWiT 16])
· X = 250m and LOS-only links are used  in contribution from ([CEWiT 16])
· contribution from 1 sourceand is achieved with at least 100MHz in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [Sony 6], [xiaomi 8])
· X = 10m and 50m in contribution from ([Huawei 2])
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 10m in contribution from ([Sony 6])
· X = 20m, 50m, 100m in contribution from ([xiaomi 8]) 
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([vivo 3], [OPPO, 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15])
· X = 30m and 50m in contribution from ([Sony 6])
· X = 30m in contribution from [Qualcomm 14])
· and is NOT achieved with at least 200MHz in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used  in contribution from ([CEWiT 16])
· For angle accuracy of ranging, the results were provided by 6 out of 11 sources. 5 out of 6 sources show that the target requirement Set A can be achieved with 20MHz or 40MHz, and 4 out 6 sources show that the target requirement Set B cannot be achieved with 100MHz. 
· The requirement 15°@90% (Set A) 
· is achieved with at least 20MHz in contribution from 4 sources ([Huawei 2], [Sony 6], [xiaomi 8], [Lenovo 9])
· X = 10 and 50m in contribution from ([Huawei 2])
· X = 10m, 30m and 50m in contribution from ([Sony 6])
· Optional antenna configuration is used and X = 20m in contribution from ([xiaomi 8])
· X = 50m and 100m in contribution from ([Lenovo 9])
· and is achieved with at least 40MHz in contribution from 2 sources ([CATT,GOHIGH 5], [xiaomi 8])
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· Optional antenna configuration is used and X = 50m or 100m  in contribution from ([xiaomi 8])
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([vivo 3], [xiaomi 8])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contribution from 1 source ([Lenovo 9])
· X = 50m and 100m in contribution from ([Lenovo 9])
· 
· and is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· X = 10m and BS is additionally used for performing ranging in contribution from ([Huawei 2])
· and is achieved with at least 100MHz in contribution from 3 sources ([Huawei 2], [Sony 6], [xiaomi 8])
· X = 10m and 50m in contribution from ([Huawei 2])
· X = 10m and 30m in contribution from ([Sony 6])
· Optional antenna configuration is used and X = 20m in contribution from ([xiaomi 8])
· and is NOT achieved with 100MHz bandwidth in contributions from 4 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6], [xiaomi 8])
· X = 50m in contribution from ([Sony 6])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Intel 15], [CEWiT 16]), and is not used by sources ([OPPO 4], [Qualcomm 14])

2.3 InF-SH for IIOT use case
Round 1
FL comments: Similar as V2X use case, the summary is done separately for DH and SH scenarios. 

Observation 2.3-1: 
For IIOT use case in InF-SH scenario, 9 sources ([Nokia 1], [Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [ZTE,CMCC 7], [InterDigital 11], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provides simulation results for FR2.
· For absolute horizontal poisoning accuracy, the results were provided by 7 8 out of 9 sources. 5 out of 7 8 sources show that the target requirements set A can be achieved with at least 100MHz, and 5 out of 7 8 sources show that the target requirements set B cannot be achieved with 100MHz.
· The requirement 1m@90% (Set A)  
· is achieved with 20MHz in contributions from 21 sources ([Huawei 2], [CEWiT 16])
· where Joint Uu/SL positioning is used in contribution from ([Huawei 2])
· is achieved with 40MHz in contributions from 2 sources ([Huawei 2], [vivo 3])
· where SL-only positioning is used in contribution from ([Huawei 2])
· and is achieved with at least 100MHz in contributions from 5 sources ([Nokia 1], [OPPO 4], [ZTE,CMCC 7], [InterDigital 11], [CEWiT 16])
· where LOS-only links are used  in contribution from ([CEWiT 16])
· and is not achieved with 100MHz bandwidth in contribution from 1 source ([Intel 15]).
· The requirement 0.2m@90% (Set B) 
· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· where Joint Uu/SL positioning is used in contribution from ([Huawei 2])
· and is achieved with at least 100MHz in contribution from 2 sources ([Huawei 2], [vivo 3])
· where SL-only positioning is used in contribution from ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth in contributions from 5 6 sources ([Nokia 1], [OPPO 4], [ZTE,CMCC 7], [InterDigital 11], ([Intel 15]), [CEWiT 16])
· and is achieved with at least 200MHzbandwidth  in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used  in contribution from ([CEWiT 16])
· For absolute vertical accuracy, the results were provided by 1 out of 9 sources.
· The requirement 1m@90% (Set A) 
· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· The requirement 0.2m@90% (Set B) 
· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· For Relative horizontal accuracy, the results were provided by 3 out of 9 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 3 sources show Set A can be met with 40MHz or 100MHz PRS bandwidth. All 3 sources show Set B cannot be met even by 100MHz.
· The requirement 1m@90% (Set A) 
· is achieved with at least 40MHz in contributions from 2 sources ([vivo 3], [CATT,GOHIGH 5])
· X = 10m in contributions from ([vivo 3], [CATT,GOHIGH 5])
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· The requirement 0.2m@90%(Set B)  
· is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5])
· For distance accuracy of ranging, the results were provided by 5 out of 9 sources. 4 of 5 sources show that the target requirement set A can be achievable by 100MHz, and 3 of 5 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.
· The requirement 1m@90% (Set A)  
· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 40MHz in contribution from 1 source ([CATT,GOHIGH 5])
· X = 10m in contribution from ([CATT,GOHIGH 5])
· is achieved with at least 100MHz in contribution from 2 sources ([OPPO 4], [ZTE,CMCC 7])
· X = 50m, 100m and 150m in contribution from ([OPPO 4])
· X = 10m, 20m, 30m and 50m in contribution from ([ZTE,CMCC 7])
· is NOT achieved with at least 100MHz in contribution from 1 source ([Intel 15])
· X = 10m, 25m, and 50m in contribution from ([Intel 15])
· The requirement 0.2m@90% (Set B)
·  is achieved with at least 100MHz in contribution from 2 sources ([vivo 3], [CATT,GOHIGH 5])
· X = 10m in contributions from ([vivo 3], [CATT,GOHIGH 5])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([OPPO 4], [ZTE,CMCC 7], [Intel 15])
· For angle accuracy of ranging, the results were provided by 2 out of 9 sources.  
· The requirement 15°@90%(Set A)
· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 40MHz in contribution from 1 source ([CATT,GOHIGH 5])
· X = 10m in contribution from ([CATT,GOHIGH 5])
· The requirement 8°@90% (Set B)
· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 40MHz in contribution from 1 source ([CATT,GOHIGH 5])
· X = 10m in contribution from ([CATT,GOHIGH 5])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [Intel 15], [CEWiT 16]), and is not used by sources ([Nokia 1], [OPPO 4])

	Company
	Comments  

	CATT
	We are fine with the observation in principle. 
It seems that there is one typo (contributions should be  in the singular), we prefer to correct the typo in the above observation.
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])


	Qualcomm
	We think there is a typo in the observation, CeWIT’s contribution contains IIoT results for 100 and 200 MHz, not 20 MHz. Could CeWIT clarify?

	FL
	@CATT thanks, fixed it. 
@Qualcomm, Thanks for careful check, Yes, it should be 200MHz for CEWiT’s results after I double check. I fixed with trace change above. 

	CEWiT
	Set is achieved in 100MHz case so comment form QC is valid.
Fine with observation after correction based on QC’s comment. 
Thanks QC and FL.

	Intel
	Revised the above using track-changes based on updated evaluation results in R1- 2212739 [15].




2.4 InF-DH for IIOT use case
Round 1
Observation 2.4-1: 
For IIOT use case in InF-DH scenario, 7 sources ([Nokia 1], [Huawei 2], [vivo 3],  [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provides simulation results for FR2.
· For absolute horizontal poisoning accuracy, the results were provided by 7 sources. 5 out of 7 sources show that the target requirements set A can be achieved with 100MHz, and 5 out of 7 sources show that the target requirements set B cannot be achieved with 100MHz.
· The requirement 1m@90% (Set A) 
· is achieved with 20MHz in contribution from 1 source ([Huawei 2])
· where Joint Uu/SL positioning is used in contribution from ([Huawei 2])
· is achieved with 40MHz in contribution from 2 sources ([Huawei 2], [vivo 3])
· where SL-only positioning is used in contribution from ([Huawei 2]
· and is achieved with at least100MHz in contribution from 3 sources ([ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16])
· where LOS-only links are used  in contribution from ([CEWiT 16])
· and is NOT achieved with 100MHz bandwidth in FR1 in contribution from 2 sources ([Nokia 1], [InterDigital 11])
· The requirement 0.2m@90% (Set B)  
· is achieved with at least 100MHz in contribution from 2 sources ([Huawei 2], [vivo 3]) 
· is NOT achieved with 100MHz bandwidth in FR1 in contributions from 6 sources ([Nokia 1], [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14], [CEWiT 16])
· is achieved with at least 200MHz bandwidth in FR2 in contribution from 1 source ([CEWiT 16])
· where LOS-only links are used  in contribution from ([CEWiT 16])
· For absolute vertical accuracy, the results were provided by 1 out of 7 sources.
· The requirement 1m@90% (Set A) 
· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· The requirement 0.2m@90% (Set B) 
· is NOT achieved with 100MHz bandwidth in contribution from 1 source ([InterDigital 11])
· For Relative horizontal accuracy, the results were provided by 2 out of 7 sources.
· The requirement 1m@90% (Set A)
· is achieved with at least 40MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2]) 
· X = 10m in contribution from ([Huawei 2])
· The requirement 0.2m@90%(Set B)  in InF-DH 
· is NOT achieved with 100MHz bandwidth  in contribution from 2 sources ([Huawei 2], [vivo 3])
· For distance accuracy of ranging, the results were provided by 2 out of 7 sources. .
· The requirement 1m@90% (Set A)  
· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· X = 10m in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· X = 20m, 30m, and 50m in contribution from ([ZTE,CMCC 7])
· The requirement 0.2m@90% (Set B)
·  is achieved with at least 100MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· and is NOT achieved with 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· For angle accuracy of ranging, the results were provided by 1 out of 7 sources.
· The requirement 15°@90%(Set A)
· is achieved with at least 20MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])
· The requirement 8°@90% (Set B) 
· is achieved with at least 40MHz in contribution from 1 source ([vivo 3])
· X = 10m in contribution from ([vivo 3])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [vivo 3], [ZTE,CMCC 7], [CEWiT 16]), and is not used by sources ([Nokia 1], [Qualcomm 14])

	Company
	Comments  

	CATT
	We are fine with the observation in principle. 
It seems that there are several typos (contributions should be  in the singular), we prefer to correct these typos in the above observation.
e.g.:
· and is NOT achieved with 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])


	CEWIT
	Fine with observation.





2.5 (Closed) Public safety use case
Round 1
Observation 2.5-1: 
For Public safety use case, 3 sources ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14]) provide simulation results for FR1.
· For absolute horizontal positioning accuracy, the results were provided by 3 sources. 
· The requirement 1m@90%
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· is NOT achieved with at least 40MHz in contribution from 1 source ([Qualcomm 14])
· and  is NOT achieved with 100MHz in contribution from 1 source ([Huawei 2])
· For Relative horizontal accuracy, the results were provided by 1 out of 3 sources.
· The requirement 1m@90%
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· For distance accuracy of ranging, the results were provided by 3 sources.
· The requirement 1m@90%   
· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· X = 50m and 100m in contribution from ([ZTE,CMCC 7])
· is NOT achieved with at least 40MHz in contribution from 1 source ([Qualcomm 14])
· For angle accuracy of ranging, the results were provided by 2 out of 3 sources.
· the requirement 15°@90% (Set A) 
· is achieved with at least 10MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· is achieved with 20MHz in contribution from 1 source ([Qualcomm 14])
· The requirement 8°@90% (Set B) 
· is achieved with at least 20MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· is NOT achieved with 40MHz in contribution from 1 source ([Qualcomm 14])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [ZTE,CMCC 7]), and is not used by source ([Qualcomm 14])


	Company
	Comments  

	
	




Offline consensus
Observation 2.5-1: 
For Public safety use case, 3 sources ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14]) provide simulation results for FR1.
· For absolute horizontal positioning accuracy, the results were provided by 3 sources. 
· The requirement 1m@90%
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· is NOT achieved with at least 40MHz in contribution from 1 source ([Qualcomm 14])
· and  is NOT achieved with 100MHz in contribution from 1 source ([Huawei 2])
· For Relative horizontal accuracy, the results were provided by 1 out of 3 sources.
· The requirement 1m@90%
· is achieved with at least 100MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· For distance accuracy of ranging, the results were provided by 3 sources.
· The requirement 1m@90%   
· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7])
· X = 50m and 100m in contribution from ([ZTE,CMCC 7])
· is NOT achieved with at least 40MHz in contribution from 1 source ([Qualcomm 14])
· For angle accuracy of ranging, the results were provided by 2 out of 3 sources.
· the requirement 15°@90% (Set A) 
· is achieved with at least 10MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· is achieved with 20MHz in contribution from 1 source ([Qualcomm 14])
· The requirement 8°@90% (Set B) 
· is achieved with at least 20MHz in contribution from 1 source ([Huawei 2])
· X = 20m in contribution from ([Huawei 2])
· is NOT achieved with 40MHz in contribution from 1 source ([Qualcomm 14])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [ZTE,CMCC 7]), and is not used by source ([Qualcomm 14])

2.6 Commercial use case 
Round 1
Observation 2.6-1: 
For Commercial use case, 5 sources ([Huawei 2], [ZTE,CMCC 7], [xiaomi 8], [Qualcomm 14], [Intel 15]) provide simulation results for FR1 
· For absolute horizontal positioning accuracy, the results were provided by 3 out of 5 sources. 
· The requirement 1m@90%
· is achieved with 40MHz in contribution from 1 source ([Huawei 2])
· and is achieved with at least 100MHz in contribution from 2 sources ([ZTE,CMCC 7], [Qualcomm 14])
· For Relative horizontal accuracy, the results were provided by 1 out of 5 sources.
· The requirement 1m@90%
· is achieved with 40MHz bandwidth  in contribution from 1 source ([Huawei 2]), where achor UE deployment is additionally used for performing distance ranging
· is achieved with 100MHz bandwidth in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· For distance accuracy of ranging, the results were provided by 4 out of 5 sources. All 4 sources show that the target requirement set can be achievable by 100MHz especially for the cases with smaller X values.
· The requirement 1m@90%   
· is achieved with at least 20MHz in contribution from 1 source ([xiaomi 8])
· X = 10m in contribution from ([xiaomi 8])
· is achieved with at least 40MHz in contribution from 2 sources ([Huawei 2], [xiaomi 8])
· X = 20m and 50m in contribution from ([xiaomi 8])
· X = 10m in contribution from  ([Huawei 2]) where achor UE deployment is additionally used for performing ranging
· is achieved with at least 100MHz in contribution from 3 sources ([Huawei 2], [ZTE,CMCC 7], [Intel 15])
· X = 10m in contributions from ([Huawei 2], [ZTE,CMCC 7], [Intel 15])
· X = 25m in contribution from ([Intel 15])
· is NOT achieved with at least 100MHz in contribution from 2 sources ([ZTE,CMCC 7], [Intel 15])
· X = 20m, and 50m, and 100m in contribution from ([ZTE,CMCC 7])
· X = 25m and 50m and 100m in contributions from ([ZTE,CMCC 7], [Intel 15])
· For angle accuracy of ranging, the results were provided by 1 out of 5 sources.
· The requirement 15°@90% (Set A) 
· is achieved with at least 20MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])
· The requirement 8°@90% (Set B) 
· is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· X = 10m in contribution from ([Huawei 2])

· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: Super resolution is used by sources ([Huawei 2], [ZTE,CMCC 7], [xiaomi 8], [Intel 15]), and is not used by source ([Qualcomm 14])

	Company
	Comments 

	CATT
	We are fine with the observation in principle. 
It seems that there are several typos (contribution should be  in the plural), we prefer to correct these typos in the above observation.
e.g.:
· X = 50m and 100m in contributions from ([ZTE,CMCC 7], [Intel 15])


	FL
	@CATT Thanks, I fixed it now.

	Intel
	Revised the above using track-changes based on updated evaluation results in R1- 2212739 [15].




3 (Closed) Evaluation of Absolute Positioning, Relative Positioning, and Ranging Methods 

3.1 Absolute positioning method
Observation in RAN1#110bis-e
 Observation
The performance analysis for Rel-18 SL positioning shows that different SL positioning methods can be used to determine absolute position of a target UE:  
· Simulation results based SL-TDOA were provided in contributions from 10 sources ([Nokia 1], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [InterDigital 11], [Intel 15], [CEWiT 16])
· Simulation results based on SL-RTT (multi-RTT) were provided in contributions from 6 sources ([Huawei 2], [vivo 3], [LG 10], [InterDigital 11], [Qualcomm 14], [Samsung 12])
· Simulation results based on two anchors SL-AOA and single anchor SL-TOA+AOA were provided in contribution from 1 source ([Lenovo 9])
Note: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 

Round 1
Observation 3.1-1: Update the observation for SL absolute positioning methods as follows
The performance analysis for Rel-18 SL positioning shows that different SL positioning methods can be used to determine absolute position of a target UE:  
· Simulation results based SL-TDOA were provided in contributions from 12 sources ([Nokia 1], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [InterDigital 11], [Samsung 12], [Fraunhofer 13], [Intel 15], [CEWiT 16])
· Simulation results based on SL-RTT (multi-RTT) were provided in contributions from 6 sources ([Huawei 2], [vivo 3], [LG 10], [InterDigital 11], [Qualcomm 14], [Samsung 12])
· Simulation results based on two anchors SL-AOA and single anchor SL-TOA+AOA were provided in contribution from 1 source ([Lenovo 9])

	Company
	Comments 

	
	




3.2 Absolute positioning with Joint Uu-SL 
FL comments: This proposal was discussed in last meeting, and joint Uu&SL positioning was also agreed for evaluation. Hence, from FL perspective, it is nature to be supported.
Round 1
Observation 3.2-1 
For absolute positioning, 5 sources ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16], [Ericsson 17]) provide simulation results for Joint Uu-SL absolute positioning. 
· For V2X use case, 4 sources ([Huawei 2], [ZTE,CMCC 7], [CEWiT 16], [Ericsson 17]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning
· For V2X use case, 2 sources ([CEWiT 16], [Ericsson 17]) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning

· For IIOT use case, 3 sources ([Huawei 2], [ZTE,CMCC 7], [CEWiT 16],) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning
· For IIOT use case, 3 sources ([Qualcomm 14], [ZTE,CMCC 7], [CEWiT 16],) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning

· For Public safety, 1 source ([ZTE,CMCC 7]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only or Uu-only positioning.

· For commercial use case, 1 source ([ZTE,CMCC 7]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning.
· For commercial use case, 2 sources ([ZTE,CMCC 7], [Qualcomm 14]) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning.

	Company
	Comments  

	CATT
	We prefer to add detailed numbers of performance gains for corresponding simulation cases in the subbullets for this observation to show the accuracy improvement of joint absolute positioning, e.g., the performance gain is 5% under the 20MHz bandwith for V2X Urban Grid use cases, or add the descriptions that joint Uu-SL absolute positioning can achieve certain requirement but SL-only positioning cannot achieve this requirement, in order to show the concrete performance improvement of joint positioning method.

	Qualcomm
	We support the observation 

	FL
	@CATT, Whether Joitn Uu-SL and SL-only positioning show difference on whether a certain requirement is met had shown in the proposals in section 2 for different bandwidths. Hence, we don’t need to repeat here.   Regarding the gain, it is hard to calculate the specific gain by myself because companies didn’t provide those numbers for gain. 




Offline consensus
Observation 3.2-1 
For absolute positioning, 5 sources ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16], [Ericsson 17]) provide simulation results for Joint Uu-SL absolute positioning. 
· For V2X use case, 4 sources ([Huawei 2], [ZTE,CMCC 7], [CEWiT 16], [Ericsson 17]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning
· For V2X use case, 2 sources ([CEWiT 16], [Ericsson 17]) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning

· For IIOT use case, 3 sources ([Huawei 2], [ZTE,CMCC 7], [CEWiT 16],) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning
· For IIOT use case, 3 sources ([Qualcomm 14], [ZTE,CMCC 7], [CEWiT 16],) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning

· For Public safety, 1 source ([ZTE,CMCC 7]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only or Uu-only positioning.

· For commercial use case, 1 source ([ZTE,CMCC 7]) show performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning.
· For commercial use case, 2 sources ([ZTE,CMCC 7], [Qualcomm 14]) show performance improvement of Joint Uu-SL absolute positioning compared to Uu-only positioning.

3.3 Relative positioning/ranging 
Observation in RAN1#110bis-e
Observation
The performance analysis for Rel-18 SL positioning shows that, SL positioning methods can be used for relative positioning/ ranging between UEs. For relative positioning/ranging positioning accuracy,
· Simulation results based SL-RTT and/or AOA were provided in contributions from 10 sources ([Huawei 2], [vivo 4], [CATT, GOHIGH 5], [Sony 6], [ZTE, CMCC 7], [Xiaomi 8], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15] )
· Results based SL-TDOA were provided in contribution from 1 source ([CEWiT 16])
Note: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 

Round 1
Observation 3.1-1: Update the observation for relative positioning/ranging methods as follows
The performance analysis for Rel-18 SL positioning shows that, SL positioning methods can be used for relative positioning/ ranging between UEs. For relative positioning/ranging positioning accuracy,
· Simulation results based SL-RTT and/or AOA were provided in contributions from 12 sources ([Huawei 2], [vivo 43], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE, CMCC 7], [Xiaomi 8], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15], [Ericsson 17])
· Results based SL-TDOA were provided in contribution from 1 source ([CEWiT 16])

	Company
	Comments  

	
	




3.4 X value for Relative positioning/ranging 
Observation in RAN1#110bis-e
Observation
Simulation results in contributions from 7 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [xiaomi 8], [LG 10], [Intel 15]) show that relative horizontal accuracy and/or distance accuracy of ranging performance improves with X value decreasing, where X is the maximum distance between two UEs for performing relative positioning or ranging.   
· In some simulation cases, a target requirement may be achieved in condition of a smaller X value but not be achieved in condition of a larger X value for a certain SL PRS bandwidth. 
· In some simulation cases, a target requirement may be achieved in condition of a smaller X value and a smaller SL PRS bandwidth, but can be achieved in condition of a larger X value and a larger SL PRS bandwidth.
Note: the above observations can be further updated in next meeting depending on companies’ new/update of simulation results, including editorial modifications, X values, replacing sources by references, additional sources and other revisions.

Round 1
Observation 3.1-1: Update the observation for relative positioning/ranging with different X values as follows:
Simulation results in contributions from 79 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [xiaomi 8], [Lenovo, 9] [LG 10], [Intel 15]) show that relative horizontal accuracy and/or distance accuracy of ranging performance improves with X value decreasing, where X is the maximum distance between two UEs for performing relative positioning or ranging.   
· In some simulation cases, a target requirement may be achieved in condition of a smaller X value but not be achieved in condition of a larger X value for a certain SL PRS bandwidth. 
· In some simulation cases, a target requirement may be achieved in condition of a smaller X value and a smaller SL PRS bandwidth, but can be achieved in condition of a larger X value and a larger SL PRS bandwidth.


	Company
	Comments  

	
	




4 (Closed) Others if any
Some important observations missed in section 2 and 3 can be provided here. 
	Company
	Comments  

	Samsung
	Our evaluation results show that there is a SL positioning performance degradation from uncertainty in the anchor UEs’ location coordinates and synchronization errors between anchor UEs. Unlike Uu positioning, SL UEs are moving and it is difficult to assume a perfect syncronizatoin between anchor UE. So, we suggest to capture the following observation as:
 SL positioning performance can be degraded from uncertainty in the anchor UEs’ location coordinates and synchronization error between anchor UEs.

	FL
	To all, please check Samsung’s proposal:

Observation 4-1:
 SL positioning performance can be degraded from uncertainty in the anchor UEs’ location coordinates and synchronization error between anchor UEs.
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