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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.


Previous Agreements for 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. 
 
R1-2205228	Summary #2 of [109-e-R18-Pos-03] Email discussion on evaluation of SL positioning	Moderator (ZTE)
 
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



References
The following papers are provided for the evaluation of SL positioning in RAN1#110bis-e meeting. 
[1] R1-2208363	Evaluation of SL positioning	Nokia, Nokia Shanghai Bell
[2] R1-2208452	SL positioning evaluations	            Huawei, HiSilicon
[3] R1-2208647	Evaluation of sidelink positioning performance	vivo
[4] R1-2208820	Evaluation methodology and results of SL positioning	OPPO
[5] R1-2208980	Evaluation methodology and performance evaluation for SL positioning	CATT, GOHIGH
[6] R1-2209104	Discussion on evaluation of SL positioning	Sony
[7] R1-2209212	Discussion on evaluation of SL positioning	ZTE, CMCC
[8] R1-2209290	Discussion on evaluation of sidelink positioning	xiaomi
[9] R1-2209392	SL Positioning Evaluation and Performance	Lenovo
[10] R1-2209482	Discussion on evaluation of SL positioning	LG Electronics
[11] R1-2209486	Evaluation results for SL positioning	InterDigital, Inc.
[12] R1-2209735	Discussion on Evaluation for SL Positioning	Samsung
[13] R1-2209782	SL positioning scenarios	Sharp
[14] R1-2209989	Sidelink Positioning Evaluation Assumptions and Results	Qualcomm Incorporated
[15] R1-2210038	Evaluation of SL positioning	Intel Corporation
[16] R1-2210111	Evaluation results and observations on V2X and IIoT use case for sidelink positioning	CEWiT
[17] R1-2210174	Evaluation of NR SL positioning and ranging	Ericsson
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Check points
This contribution provides the moderator summary of SL positioning evaluation, subject to the following email discussion.
[110bis-e-R18-Pos-02] Email discussion on evaluation of SL positioning by October 19 – Chuangxin (ZTE)
· Check points: October 14, October 19
All companies, please provide your views before Tuesday, October 11th, 23:59 UTC, then FL can recommend/update the proposals for the next round discussion.

For the 1st GTW on Monday (October 10th), the plan is to discuss the proposals in section 2.1, 2.2, 3.1-1, 3.1-2 and 3.2-1 in order. Please have a quick check and provide your comments if possible. 
 
2 Evaluation of Bandwidth Requirements to meet Identified Accuracy Requirements
FL comments: To make the summary brief, I didn’t copy companies’ observations from their contributions to here. Please check if the following count is correct. For the count, when the results of at least one simulation case with practical simulation assumption in a certain bandwidth satisfy the target requirement, I assume that the target requirement is achieved with the certain bandwidth even though some other simulation cases for the certain bandwidth may not meet the requirement. 

2.1 General Bandwidth requirements (Closed)
Round 1
Observation 2.1-1: The performance analysis for Rel-18 SL positioning shows that, with increasing of bandwidth, the positioning accuracy improves for both absolute positioning and relative positioning/ranging for all evaluated scenarios. 
	Company
	Comments 

	vivo
	We are not sure the proposal is needed since it is a common understanding

	CATT
	We can live with this proposal as a general observation for SL positioning.

	OPPO
	We support the proposal as a clear conclusion of the study.

	LGE
	Support

	Huawei, HiSilicon
	In general, we are fine with such a statement.
One question for clarification: Is this proposal of observation intended for a conclusion?

	FL
	@Huawei  to be captured in TR

	Ericsson
	We don’t think the proposal with add much value, we prefer to capture more concrete observations such as the ones in the following sections. 



Conclusion in online
Observation
The performance analysis for Rel-18 SL positioning shows that, with increasing of bandwidth of SL PRS, the positioning accuracy improves for both absolute positioning and relative positioning/ranging for all evaluated scenarios.

2.2 Highway for V2X use case (for GTW)
Round 1
Observation 2.2-1: 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] ) provide simulation results for FR2. 
· In highway scenarios, based on the results by a majority of sources, the target requirement set A of absolute horizontal accuracy or [relative horizontal accuracyr]elative positioning or distance accuracy of ranging may be achievable by larger bandwidths, e.g. 40MHz or 100MHz, but the target requirement set B may not be achievable even by 100MHz.
· For absolute horizontal accuracy,  the results were provided by 13 sources
· The requirement 1.5m@90% (Set A)
·  is achieved with 20MHz bandwidth  in contributions from 3 sources ( [ZTE,CMCC 7] [Lenovo 9] [CEWiT 16] ), 
· 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 4 sources ( [vivo 3] [OPPO 4] [Sony 6] [Ericsson 17] )
· 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] )
· and is NOT achieved with100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 98 sources ( [vivo 3], [OPPO 4], [Sony 6] [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17] )
· 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 NOT 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 requirement 1.5m@90% (Set A) 
· is achieved with at least 40MHz bandwidth  in contributions from 2 sources ( [Huawei 2], [CATT, GOHIGH 5] )
· and is achieved with at least 100MHz bandwidth  in contribution from 1 source ( [CEWiT 16] )
· and  is NOT achieved with 100MHz bandwidth in contributions from 2 sources ( [vivo 3] [Sony 6] )
· 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 source out of 13 sources
· 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] )
· and is achieved with at least 40MHz bandwidth  in contribution from 1 source ( [LG 10] )
· and is achieved with at least 100MHz bandwidth  in contributions from 3 sources ( [Lenovo 9],  [Qualcomm 14], [Intel 15] )
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 3 sources ( [Huawei 2], [vivo 3], [CEWiT 16] )
· and is achieved with at least 100MHz in contributions from 2 sources ( [CATT, GOHIGH 5], [ZTE,CMCC 7] )
· and is NOT achieved with 100MHz bandwidth in contributions from 43 sources ( [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15] )
· For angle accuracy of ranging, the results were provided by 6 sources out of 13 sources
· The requirement 15°m@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: at least the yellow and blue parts can be further updated in next meeting depending on companies’ update of simulation results. 


	Company
	Comments (Please cite the exact section/figure/observation in your contribution)

	vivo
	We wonder whether the total number of companies for each performance metric should be clarified since it seems to be different for different performance metrics. For example, the absolute vertical only be provided by one company, for example:
· For absolute vertical accuracy,  the results were provided by 1 source out of 13 sources 


	CATT
	We are generally fine with the observation, and we prefer to update the first sub-bullet as follows,
· In highway scenarios, based on the results by a majority of sources, the target requirement set A of absolute horizontal accuracy or relative horizontal accuracy relative positioning or distance accuracy of ranging may be achievable by larger bandwidths, e.g. 40MHz or 100MHz, but the target requirement set B may not be achievable even by 100MHz.


	OPPO
	According to our observation, the evaluation results for relative positioning and ranging from companies are not consistent, for example, for relative positioning, results from 2 sources show that Set A requirement can be satisfied with 40MHz, but results from the other 2 sources  show that the requirement cannot be satisfied with even 100MHz, similar situation for ranging.
Therefore, in our view it is premature to make the conclusion“the target requirement set A of horizontal accuracy or of relative positioning or distance accuracy of ranging may be achievable by larger bandwidths, e.g. 40MHz or 100MHz” now.

	LGE
	Thank FL for capturing our results carefully. One comment on the absolute horizontal accuracy and the distance accuracy of ranging of our simulation results for 100MHz BW to see Set B requirement. We provided the results using MUSIC estimation only for 40MHz BW. So the captured LGE results above for 100MHz BW to see Set B requirement are only with a simple matched filter estimation. At this point of time we cannot say whether Set B requirement can be met or not for 100MHz BW if MUSIC estimation is used. 
So we don’t want that LGE is counted as a company that supports 100MHz BW is not enough for Set B requirement in absolute horizontal and ranging distance accuracy.

	Huawei, HiSilicon
	On relative horizontal accuracy, our results show that Set B can be met with 100MHz when X=50m, but not when X=150m.

	FL
	Based on vivo and CATT’s comments, I update the above observation in tracking version. 

@OPPO I have put relative positioning in bracket to address your comments.
@LG I remove LG from some bullets as you suggested, further add the following note in the proposal.
Note: at least the yellow and blue parts can be further updated in next meeting depending on companies’ update of simulation results. 

	Ericsson
	OK with the observation. To save time online, we can already format the observation in a proposal starting with “Capture the following in the TR”, and add a note that the editor will fix the references to sources according to the TR list of references. 




Round 2
FL comments: Thanks for the online discussion. I made the following change to address companies’ concern. The motivation for the proposals is to agree the observations in principle. The wording, references can be further updated next meeting if necessary. For example, if more sources are input in next meeting, the red part below may need to be update depending on the performance of majority sources.
@Huawei  I add one note below to say ‘for each PRS bandwidth, the above observations are based on the best performance from each source’ to clarify. Your contribution on relative horizontal accuracy of set B is change to ‘achieved’ accordingly. 
@QC In this section, the main analysis is from bandwidth perspective. Let’s further get the observations for different X values in section 3.2 for relative positioning or ranging. I further add one below to clarify. 
@all  In online discussion, I think it is better to get the general observations separately for different performance metrics. Please see the red part below. 

Observation 2.2-2: 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] ) provide simulation results for FR2. 
· For absolute horizontal accuracy,  the results were provided by 13 sources.  [11 of 13 sources show that, the target requirement set A can be achieved, and 9 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 ([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 4 sources ( [vivo 3] [OPPO 4] [Sony 6][Lenovo 9] [Ericsson 17] )
· [Where SL-TDOA technique is used in contribution ([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 89 sources ( [vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7]  [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17] )
· Where S-onlyL 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 NOT 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 contribution from 3 source ( [Huawei 2], [CATT, GOHIGH 5], [CEWiT 16] )
· X = 25m in contribution from ([CATT, GOHIGH 5])
· X = 150m in contribution 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 contributions 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 source out of 13 sources. [ 5 of 9 sources show that, the target requirement set A may be achievable even by 20MHz, and 5 out of 8 sources show that the target requirement set B may be achievable by larger bandwidth, e.g. 40MHz or 100MHz] 
· 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 = 50 and 150  in contribution from ([Huawei 2])
· X = 20m, 25m, 100m, 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 BS/RSU deployment is used for performing relative positioning
· X = 100, 200, 300  in contribution from ([ZTE,CMCC 7])
· and is achieved with at least 40MHz bandwidth  in contribution from 1 source ( [LG 10] )
· X = 80 and 160  in contribution from ([LG 10])
· and is achieved with at least 100MHz bandwidth  in contributions from 3 sources ( [Sony 6], [Lenovo 9],  [Qualcomm 14], [Intel 15] )
· X = 50m in contribution from ([Sony 6] )
· X = 50m and 100m in contribution from ([Lenovo 9], [Intel 15])
· 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 = 50  in contribution from ([Huawei 2])
· X = 25m, 50m, and 100m in contribution from ([vivo 3] )
· X = 150m in contribution from ([CEWiT 16]), where BS/RSU deployment is used for performing relative positioning
· 
· and is achieved with at least 100MHz in contributions from 2 sources (  [Sony 6], [Huawei 2], [CATT, GOHIGH 5], [ZTE,CMCC 7] )
· X = 150  in contribution from ([Huawei 2])
· X = 25m, 100m, 150m in contribution from ([CATT, GOHIGH 5])
· X = 50m in contribution from ([Sony 6] )
· X = 100  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 contribution from ([Lenovo 9], [Intel 15])
· 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°m@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: at least the number of sources and the referencesthe above observation can be further updated in next meeting depending on  companies’ update of simulation results. 
- 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.


	Company
	Comments (Please cite the exact section/figure/observation in your contribution)

	CEWiT
	We are fine with the proposal. Regarding the note on ‘X’ distance between UEs, is intention to further classify the observation based on distance provided? 
We totally agree with concerns raised by few companies online. It will be difficult to boil down to one X values as we tried in last meeting. So our suggestion will be to capture X values along with company results.  Companies can update the X values used may be in next meeting if not in this meeting.

	CATT
	OK with the proposal.

	Vivo
	Thanks for the FL proposal, we are fine with the proposal

	Sony
	Fine with the proposal.

	Huawei, HiSilicon
	Thanks to FL to address our comments by adding the note, which was what we expected when making the comment online. 

A couple of editorial suggestions considering the text is to captured in the TR:
“may not be”  “cannot be”
“may be easier achievable”  “may be more easily achievable”
“for each PRS bandwidth”  “for each SL PRS bandwidth”

The above comments also apply to later proposals.


	Locaila
	Thanks for the FL proposal, we are also fine with the proposal. For clear, please consider update the first part of the last note.

- Note: for the relative positioning accuracy or distance accuracy of ranging, -


	Qualcomm
	It is important to understand why relative positioning results and ranging distance results differ so greatly in some sources. In our view, this issue needs to be resolved before an observation is captured.

Separately, some results used super resolution and over sampling methods that greatly increase UE implementation and might not be considered practical in some cases. We think the baseline conclusion should use methods that do not involve super resolution or over sampling.

We thank the FL for adding the note about X, but given how much the choice of X impacted results in some sources, we think explicit values of X should be captured.

	FL
	@ CEWiT and QC  X values are captured in companies contribution, it is easy to find it. This section mainly analyze BW requirement. For at least 6 contributions, they use multiple X values, and the requirement set A/B may be met for multiple X values. Do you mean we list all X values they used or we just list a minimum value or a maximum value? Since I use the best performance from each contribution, it can imply the the minimum value X is used.  Hence, I still prefer to separately summary the requirement for X values in section 3.2-2. But lets hear more views. 
To address your concern, I add one new FFS to check if we can put X values next meeting.

@QC we didn’t have agreement to use non-super resolution as baseline, and many companies even did not provide results with the non-super resolution. It is hard for me to only summarize the results for super resolution.  Further, this is not what we did in Rel-17 for TR 38.857. 

@Huawei and Locaila  Thanks, fix it in the above proposal.

@all please note that the first bullet was deleted. 


	vivo2
	For the super-resolution, we share the same view with FL, and the difference between relative positioning and distance may due to the additional error of angle measurement for relative positioning(for example:  distance *sin(angle error) =25*sin(10 degree)=4.34)

	Intel
	Thanks, FL for the updates!

The results as captured in the proposed observations do indicate a rather big gap between relative positioning and ranging distance. While it is understood that this could be due to the need for estimation of the angle in addition to just distance, the gaps are still quite large. 
It would be good to discuss first and try to understand if there may be other factors before agreeing to these observations, e.g., if all evaluations are using SL-only or some have SL+Uu, or using particular antenna configurations that may be different from the baseline, etc. 

Further, in this regard, the assumed value of X plays a significant role here in translating angle errors to positioning errors, and one more reason why we should at least note the values of X, e.g., this can be done by simply noting the assumed value(s) of X for cited results from a source. For instance, just picking the smallest value as suggested by FL should be sufficient for the current proposal. We would recommend this as against deferring this important point to next meeting.

Also, given the relatively small sample sizes and comparable numbers of sources in some cases, instead of using “majority of sources”, we suggest to state the numbers, e.g., “X of Y sources”, etc.

	OPPO
	We still prefer not to make the general observation for each performance metric (in red) now, the results from each source are listed in the affiliated sub-bullets, it is clear the requirements are satisfied or not in how many sources and with which BW, and it is not difficult to make the observation next meeting according to more consistent evaluation results.

Furthermore, we share similar view as QC that we should explain how come the huge difference, e.g. in some sources the requirements can be satisfied with 20MHz but cannot be satisfied with even 100MHz in other sources, maybe not in this meeting but at least when capturing the results into TR, otherwise, the credibility of conclusion or observation made on top of the evaluation results would be undermined.

Regarding the X value, as it impacts the results greatly, it should be captured now or next meeting.

	Samsung
	Thanks a lot FL for your efforts.
We share the view with Intel that it would be better to use “X of Y sources” instead of “majority of sources”
We are OK for the updated observation in general. However, it would be good to leave it with brackets and make a room for updating in the next meeting with further evaluation results if necessary.  

	LGE
	For the summary statement, we also share the view with Intel and Samsung that “X of Y sources” is more precise. We prefer to state in more objective way such as follows.
“Target requirement A is shown to be achieved in X1, and not achieved in X2 of Y sources for condition 1.”
The statement “can/may be achievable” or “cannot/may not be achievable” as an overall statement does not provide precise information, or can be biased into a specific direction.

	FL
	Thanks so much for the great comments for far. Please see my further update in the above proposal.

To address OPPO’s concern, I put the the general observation for each performance metric in bracket now, we may update next meeting anyway. Some details are added to show a bit the gap, please take a look. Further, some gaps are still there without explicit reason, I think diverse simulation results always exist, it is up to many factors. 

To address QC, LG and Intel’s concern, I add X values for each source. Hope you are fine now, this spend me a lot of time ^-^.  

To Samsung, Intel, LG, I use x of y sources for the summary, but it is in bracket now per OPPO’s request. 

To Samsung, I update the first note to make it more general, definitely, we can update the results/observations next meeting. However, I will not change a lot for the format/structure of this proposal.  

To all, Lets focus on the basic format, the details including references, wording can be further updated/polished next meeting or by TR editor. 

In addition, in some contributions, some results with agreed baseline assumptions do not met the target requirement, but with optional assumptions can met. In such case, I explicitly list the description to clarify the reason. If results with both baseline and optional assumptions can met a target requirements, I did not further provide the description for simplicity. 

Lets focus on Highway scenarios, if it is stable, I can further update Urban grid scenario. 

	Qualcomm
	Thank you to the feature lead for including X values.
On super resolution, we concur that there is no agreement on a baseline; however, it is important to capture this information in the observation. Otherwise, it becomes hard to interpret the results and conclusions could be drawn based on methods that are not practical or have extremely high implementation complexity. Per my understanding, the majority of results in Rel-17 did not use super resolution methods and hence the issue did not arise then.

We share the view of not capturing the general conclusions in red at this stage. Once more results are collected, such general observations can be added. These conclusions are missing some cases, for example, in the ranging distance, 3 out 8 sources show that the Set B requirement cannot be met even with 100 MHz.

	Xiaomi
	We are fine with the proposal.

	LGE
	Thanks for updating proposal with the term ‘X of Y sources’. We need one clarification on the performance results captured for relative horizontal accuracy. In summary, all 5 sources show Set B is not met with 100MHz. But in performance results, Huawei result is captured as both to meet and not to meet Set B requirement (green colors below). Can you clarify which one is correct?

· 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. ] 

· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz bandwidth  in contributions 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] )


	Lenovo
	We are generally fine with this observation. One comment for highway scenario, our results show that set A requirements could be met for at least 100Mhz using SL TdoA, but can be met at 20MHz using a hybrid SL ToA_AoA technique and optional antenna configuration.

	CATT
	We can live with the X values are captured in the observation, although we think it is too detailed and it don’t impact whether the requirements are met. 
For this version, we noticed that  the observation is very long, so we prefer to divided it into several parts for further discussion one by one, e.g, it can be divided into 3 sub-observations as follows,
· Observation-1: Absolute accuracy (including horizontal and vertical accuracy)
· Observation-2: Relative accuracy(including horizontal and vertical accuracy)
· Observation-3: Ranging (including distance and direction accuracy)


	FL
	@LG Thanks for the good point. I further change the wording as follows to clarify. For relative positioning/ranging, we agreed the baseline is without BS/RSU enabling. So for the first bullet, I say ‘RSU deployment is additionally used for performing relative positioning’, that means the other case they used is UE-UE only. 
[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]

@QC Thanks for the quick response. For the general conclusion, if you have no strong concern, I prefer to put it in the bracket. We will further update anyway. In the bracket doesn’t imply it will be agreed now. 
For the super resolution, Rel-17 even didn’t reflect this in the observation summary.  After I check some companies’ assumption:
-Seems Not provide assumption: Huawei, Ericsson, IDC
-Super resolution (MUSIC): CATT, ZTE, vivo, LG, Lenovo, Sony, Intel, Xiaomi
-No super resolution: LG, QC
As you can see, Super resolution is used by most companies. Again, we didn’t agree MUSIC cannot be used or should be optionally used. It is hard for me to do as you suggested. 

@Lenovo fixed in the above proposal for absolute positioning. I put the description in bracket for now. You can check the wording. 

@CATT Thanks for the good suggestion. I will do that as you suggested when I update the summary next meeting. 

	vivo 
	We share the same view with FL that the majority of companies have used the super-resolution, otherwise, the 0.2 m can not be achieved.

	Sony
	In principle, we are fine with the proposed text. 

Regarding the X value,  in our view, the relative positioning accuracy is sensitive to the distance between two SL devices. Large X value may lead to an additional positioning error. In this regard, even with the same bandwidth, different X values may diverge the results drastically.  In order to have a fair comparison, we agree to capture X m in the observation. 

	
	







2.3 Urban grid for V2X use case  (High)
Round 1
Observation 2.3-1: 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.
· In Urban grid scenarios, based on the results by a majority of sources, both target requirements set A and set B of horizontal accuracy or relative positioning or distance accuracy of ranging are not easily achieved due to low probability of LOS links.
· For absolute horizontal accuracy, 
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 2 sources ( [Lenovo 9] [CEWiT 16] )
· 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 requirement 1.5m@90% (Set A) 
· is achieved with at least100MHz bandwidth  in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5] )
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ( [vivo 3], [Sony 6], [CEWiT 16] )
· 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 requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 3 sources ( [vivo 3], [CATT,GOHIGH 5], [CEWiT 16] )
· and is achieved with at least 40MHz in contributions from 2 sources ( [ZTE,CMCC 7], [xiaomi 8] )
· and is NOT achieved with 100MHz bandwidth  in contributions from 2 sources ( [Lenovo 9], [Intel 15] )
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz in contributions from 4 sources ( [Huawei 2], [CATT,GOHIGH 5], [xiaomi 8], [Intel 15] )
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2  in contributions from 4 sources ([vivo 3], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16] )
· For angle accuracy of ranging,
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz in contribution from 1 source ( [Lenovo 9] )
· 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 100MHz 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] )

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	Vivo
	In the urban scenario, we provide two sets of evaluations. One without LoS identification and the other with. But FL seems to choose different sets for different accuracy metrics. That is, distance accuracy of ranging is choosing the result with LoS indication, and other is choosing the result without LoS indication. So, we would like to know whether to choose the best result here or choose the result without LOS distinction.


	CATT
	We are generally fine with the observation, and we prefer to update the first sub-bullet as follows,
· In Urban grid scenarios, based on the results by a majority of sources, both target requirements set A and set B of absolute horizontal accuracy or relative horizontal accuracy or relative positioning or distance accuracy of ranging are not easily achieved due to low probability of LOS links. 


	Huawei, HiSilicon
	On angle accuracy of ranging, our results show that Set A can be met with 20MHz when X=10m and X=50m, Set B can be met with 40MHz when X=10m.




Round 2
FL comments: The similar change is done below as for highway scenario.
@Huawei  Your last comment has been fixed.
@vivo I use the results of LoS only in your contribution now. Please check

Observation 2.3-2: 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.
· In Urban grid scenarios, based on the results by a majority of sources, both target requirements set A and set B of horizontal accuracy or relative positioning or distance accuracy of ranging are not easily achieved due to low probability of LOS links. 
· For absolute horizontal accuracy, the results were provided by 8 out of 13 sources. Based on the results by a majority of sources, both target requirements set A and set B cannot be achieved due to low probability of LOS links.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 2 sources ( [Lenovo 9] [CEWiT 16] )
· 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. Based on the results by a majority of sources, the target requirement set A may be achievable by bandwidth 40MHz or 100MHz, but the target requirement set B is not achieved even by 100MHz.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 40MHz bandwidth  in contributions from 1 sources ([vivo 3] )
· is achieved with at least100MHz bandwidth  in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5] )
· X = 10m in contribution ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([Huawei 2], [Sony 6], [CEWiT 16] )
· X = 50m in contribution ([Huawei 2])
· 
· 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 even not be achievable.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 3 sources ( [vivo 3], [CATT,GOHIGH 5], [CEWiT 16] )
· and is achieved with at least 40MHz in contributions from 2 sources ( [ZTE,CMCC 7], [xiaomi 8] )
· and is achieved with at least 100MHz in contributions from 1 source ( [Huawei 2] )
· X = 10 and 50m in contribution ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth  in contributions from 3 sources ( [Sony 6], [Lenovo 9], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 1 source ( [vivo 3] )
· is achieved with at least 100MHz in contributions from 4 sources ( [Huawei 2], [CATT,GOHIGH 5], [xiaomi 8], [Intel 15] )
· X = 10 and 50m in contribution ([Huawei 2])
· 
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2  in contributions from 4 sources ([Sony 6], [ZTE,CMCC 7], [Lenovo 9], [CEWiT 16] )
· 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: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 
- Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source. 
- Note: for the relative positioning or distance accuracy of ranging, different X values may be used in each source, 	and a target requirement may be achieved in condition of a smaller X value but not be achieved in 	
condition of a larger X value, where X is the maximum distance between two UEs for performing relative 	positioning or ranging
- FFS X values should be explicitly listed in next meeting for each source for the relative positioning accuracy or 	distance accuracy of ranging

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CEWiT
	Fine with the Proposal. Same comment as before on X value.

	CATT
	OK with the proposal.

	vivo
	Firstly, in the summary of Relative horizontal accuracy, the [CATT,GOHIGH 5] occur in the following two sub-bullets
· The requirement 1.5m@90% (Set A) 
· is achieved with at least40MHz bandwidth  in contributions from 1 sources ([vivo 3], [CATT,GOHIGH 5] )
· is achieved with at least100MHz bandwidth  in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5] )
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([Sony 6], [CEWiT 16] )
In addition, in the summary of distance accuracy of ranging, the[Huawei 2] seems to be missed in setA 


	Sony
	For the distance accuracy of ranging, our simulation results are missing. Our simulation shows that both requirements cannot be fulfilled in urban grid scenario. 
· For distance accuracy of ranging, the results were provided by 8 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 even not be achievable.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 3 sources ( [vivo 3], [CATT,GOHIGH 5], [CEWiT 16] )
· and is achieved with at least 40MHz in contributions from 2 sources ( [ZTE,CMCC 7], [xiaomi 8] )
· and is NOT achieved with 100MHz bandwidth  in contributions from 2  3 sources ( [Lenovo 9], [Intel 15], [Sony])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 1 source ( [vivo 3] )
· is achieved with at least 100MHz in contributions from 4 sources ( [Huawei 2], [CATT,GOHIGH 5], [xiaomi 8], [Intel 15] )
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2  in contributions from 4 5 sources ([ZTE,CMCC 7], [Lenovo 9], [CEWiT 16], [Sony] )


	Locaila
	Support.

	Qualcomm
	We have similar comments as in Observation 2.2-1 regardless relative positioning and ranging results. As well as about super resolution methods and selected X value. 

	FL
	@Sony, vivo Fixed your comments in the above proposal. Thanks!
@Qulcomm CEWiT Similar as Highway scenarios, one note is added.

	Intel
	Same comments as for Observation 2.2-1.

Thanks again to the FL for the updates!

The results as captured in the proposed observations do indicate a rather big gap between relative positioning and ranging distance. While it is understood that this could be due to the need for estimation of the angle in addition to just distance, the gaps are still quite large. 
It would be good to discuss first and try to understand if there may be other factors before agreeing to these observations, e.g., if all evaluations are using SL-only or some have SL+Uu, or using particular antenna configurations that may be different from the baseline, etc. 

Further, in this regard, the assumed value of X plays a significant role here in translating angle errors to positioning errors, and one more reason why we should at least note the values of X, e.g., this can be done by simply noting the assumed value(s) of X for cited results from a source. For instance, just picking the smallest value as suggested by FL should be sufficient for the current proposal. We would recommend this as against deferring this important point to next meeting.

Also, given the relatively small sample sizes and comparable numbers of sources in some cases, instead of using “majority of sources”, we suggest to state the numbers, e.g., “X of Y sources”, etc.

	OPPO
	Similar comments as that for Highway.

	Samsung
	Similar comments as that for Highway.

	LGE
	Same comment as in Observation 2.2-2.
Suggest to use the objective statement for the summary:
“Target requirement A is shown to be achieved in X1, and not achieved in X2 of Y sources for condition 1.”

	Qualcomm
	Similar comments as in 2.2.

	Lenovo
	One comment on absolute horizontal positioning, our results show that set A can be achieved with 20Mhz bandwidth if we use hybrid positioning technique (ToA+AoA) and optional antenna configuration.

	CATT
	We can live with the X values are captured in the observation, although we think it is too detailed and it don’t impact whether the requirements are met. 
For this version, we noticed that  the observation is very long, so we prefer to divided it into several parts for further discussion one by one, e.g, it can be divided into 3 sub-observations as follows,
· Observation-1: Absolute accuracy (including horizontal and vertical accuracy)
· Observation-2: Relative accuracy(including horizontal and vertical accuracy)
· Observation-3: Ranging (including distance and direction accuracy)


	Sony
	Thanks FL. In principle, we are fine with the proposed text. 

Regarding the X value,  in our view, the relative positioning accuracy is sensitive to the distance between two SL devices. Large X value may lead to an additional positioning error. In this regard, even with the same bandwidth, different X values may diverge the results drastically.  In order to have a fair comparison, we agree to capture X m in the observation. 

	
	




2.4 IIOT use case
Round 1
Observation 2.4-1: For IIOT use case, 8 sources ([Nokia 1], [Huawei 2], [OPPO 4], [CATT, GOHIGH 5], [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14], [CEWiT 16]) provide simulation results for FR1, and 1 source ( [CEWiT 16]) provide simulation results for FR2 
· For absolute horizontal poisoning accuracy, 
· The requirement 1m@90% (Set A) in InF-SH scenario 
· is achieved with 20MHz in contributions from 2 sources ( [Huawei 2], [CEWiT 16] )
· and is achieved with at least 100MHz in contributions from 4 sources ( [Nokia 1], [OPPO 4], [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14] )
· The requirement 1m@90% (Set A) in InF-DH scenario 
· is achieved with 40MHz in contribution from 1 source ( [Huawei 2] )
· and is achieved with at least100MHz in contribution from 1 source ( [Nokia 1] )
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contribution from 1 source ( [CEWiT 16] )
· The requirement 0.2m@90% (Set B) in InF-SH scenario 
· is achieved with at least 40MHz in contribution from 1 source ( [Huawei 2] )
· and is achieved with  at least 100MHz in contribution from 1 source ( [CEWiT 16] )
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ( [Nokia 1], [OPPO 4], [ZTE,CMCC 7], [InterDigital 11], [Qualcomm 14] )
· The requirement 0.2m@90% (Set B) in InF-DH scenario  
· is achieved with at least 100MHz in contribution from 1 source ( [Huawei 2] ) 
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2  in contributions from 3 sources ( [Nokia 1], [OPPO 4], [CEWiT 16] )
· For absolute vertical accuracy
· The requirement 1m@90% (requirement Set A) is NOT achieved with 100MHz bandwidth  in contribution from 1 source ( [InterDigital 11] )
· The requirement 0.2m@90% (requirement Set B) is NOT achieved  with 100MHz bandwidth in contribution from 1 source ( [InterDigital 11] )
· For Relative horizontal accuracy,
· The requirement 1m@90% (Set A) in InF-SH scenario 
· is achieved with at least 40MHz in contributions from 2 sources ( [Huawei 2], [CATT, GOHIGH 5] )
· The requirement 1m@90% (Set A) in InF-DH scenario 
· is achieved with at least 40MHz in contributions from  1 source ( [Huawei 2] ) 
· The requirement 0.2m@90%(Set B) in InF-SH  
· is NOT achieved with 100MHz bandwidth in contributions from  2 sources ( [Huawei 2] [CATT, GOHIGH 5] )
· The requirement 0.2m@90%(Set B)  in InF-DH 
· is NOT achieved with 100MHz bandwidth  in contribution from  1 source ([Huawei 2] )
· For distance accuracy of ranging,
· The requirement 1m@90% (Set A) in InF-SH scenario 
· is achieved with at least 40MHz in contribution from 1 source ( [CATT, GOHIGH 5] )
· is achieved with at least 100MHz in contribution from 1 source ( [ZTE,CMCC 7] )
· The requirement 0.2m@90% (Set B) in InF-SH scenario is achieved with at least 100MHz in contribution from 1 source ( [CATT, GOHIGH 5] )
· For angle accuracy of ranging,
· The requirement 15°@90%(Set A) in InF-SH scenario 
· is achieved with at least 40MHz in contribution from 1 source ([CATT, GOHIGH 5] )
· The requirement 8°@90% (Set B) in InF-SH scenario 
· is achieved with at least 100MHz in contribution from 1 source ([CATT, GOHIGH 5] )

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	Huawei, HiSilicon
	On absolute horizontal accuracy, our results show that Set B in InF-DH scenario can be met with 20MHz with joint Uu/SL positioning.

	CEWiT
	We are fine proposal. We can repeat the Note from 2.3 on ‘X’ distance here as well.

	CATT
	We prefer to add some summative description in the several sub-bullets of the observation, just like the Observation 2.2-2. For example, 
· For absolute horizontal poisoning accuracy, the results were provided by 6 sources.  Based on the results by these sources, 
· For InF-SH scenario, the target requirement set A may be achievable at least by larger bandwidths, e.g. 40MHz or 100MHz, but the target requirement set B may not be achievable even by 100MHz.
· For InF-DH scenario, ……



	Huawei, HiSilicon
	On absolute horizontal accuracy, our results show that Set B in InF-DH scenario can be met with 20MHz with joint Uu/SL positioning.

	InterDigital
	Support

	Qualcomm
	There is large variation in results, for example: one source reports achieving Set B requirements in InF-SH with 40 MHz while five other sources report that it cannot be achieved even with 100 MHz. More details need to captured to explain the difference in conclusions.

	OPPO
	Similar comments as that for Highway.




2.5 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 accuracy, the requirement 1m@90%  
· is achieved with at least 100MHz based on joint Uu/SL positioning in contribution from 1 source ( [ZTE,CMCC 7] )
· and  is NOT achieved in contribution from 1 source ( [Huawei 2] )
· For Relative horizontal accuracy, the requirement 1m@90% 
· is achieved with at least 100MHz bandwidth  in contribution from 1 source ( [Huawei 2] )
· For distance accuracy of ranging, the requirement 1m@90% 
· is achieved with at least 40MHz in contribution from 1 source ( [Huawei 2] )
· and is achieved with at least 100MHz in contribution from 1 source ( [ZTE,CMCC 7] )
· For angle accuracy of ranging,
· the requirement 15°@90% (Set A) is achieved with 20MHz in contribution from 1 source ( [Qualcomm 14] )
· The requirement 8°@90% (Set B) is achieved with 20MHz in contribution from 1 source ( [Huawei 2] )

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	We prefer to add some summative description in the several sub-bullets of the observation, just like the Observation 2.2-2. For example, 
· For absolute horizontal poisoning accuracy, the results were provided by 3 sources.  Based on the results by these sources, the target requirement set A may be achievable at least by larger bandwidths, e.g. 40MHz or 100MHz, but the target requirement set B may not be achievable even by 100MHz.



	Qualcomm
	We reported absolute positioning results in or contribution for 10, 20, and 40 MHz (Table p-2 in Section 2.2). We observed that the 1m@90% requirement was not met even at 40 MHz. We provided results for ranging distance and angle (Tables p-6 and p-7 in Section 2.2). as well and observed that the distance accuracy requirement cannot be met with 40 MHz. Could the feature-lead update the observation to capture our results?

As in previous comments, additional details are needed, e.g. X, super resolution, …




2.6 Commercial use case
Round 1
Observation 2.6-1: For Commercial use case, 4 sources ([Huawei 2], [ZTE,CMCC 7],  [xiaomi 8], [Qualcomm 14] ) provide simulation results for FR1 
· For absolute horizontal accuracy, the requirement 1m@90% 
· is achieved with 40MHz in contribution from 1 source ( [Huawei 2] )
· and is achieved with  at least100MHz in contributions from 2 sources ( [ZTE,CMCC 7], [Qualcomm 14] )
· For Relative horizontal accuracy, the requirement 1m@90%  
· is achieved with 40MHz bandwidth  in contribution from 1 source ( [Huawei 2] )
· For distance accuracy of ranging, the requirement 1m@90%  
· is achieved with 40MHz in contributions from  2 sources ( [Huawei 2], [xiaomi 8] )
· and is achieved with at least 100MHz in contribution from 1 source ( [ZTE,CMCC 7] )
· For angle accuracy of ranging,
· The requirement 8°@90% (Set B) is achieved with at least 40MHz in contribution from 1 source ( [Huawei 2] )

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	We prefer to add some summative description in the several sub-bullets of the observation, just like the Observation 2.2-2. For example, 
· For absolute horizontal poisoning accuracy, the results were provided by 4 sources.  Based on the results by these sources, the target requirement set A may be achievable at least by larger bandwidths, e.g. 40MHz or 100MHz, but the target requirement set B may not be achievable even by 100MHz.



	Qualcomm
	As in previous comments, additional details are needed, e.g. X, super resolution, …

	Xiaomi
	We are fine with the proposal.




3 Evaluation of Absolute Positioning, Relative Positioning, and Ranging Methods
FL comments: To make the summary brief, I didn’t copy companies’ observations from their contributions to here. The observations are summarized mainly from positioning methods perspective. Companies can check if the following count is correct or anything is missed. 

3.1 Absolute positioning 
Observation 3.1-1 (Closed)
Round 1
The performance analysis for Rel-18 SL positioning shows that, SL positioning is helpful to facilitates and/or enablesincrease absolute positioning accuracy. For absolute positioning accuracy,  
· 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 5 sources ( [Huawei 2], [vivo 3], [LG 10], [InterDigital 11], [Qualcomm 14] )
· 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  (Please cite the exact section/figure/observation in your contribution)

	vivo
	More clarification is needed for how to observe that “SL positioning is helpful to increase absolute positioning accuracy”

	CATT
	We share the same view with vivo that it is not clear how to draw the observation of “SL positioning is helpful to increase absolute positioning accuracy”  from the current simulation results listed above. In our view, it seems that the comparison is needed between “with SL positioning” and “w/o SL positioning” for absolute positioning accuracy.

	OPPO
	Similar view as vivo and CATT, the wording for relative positioning/ranging, i.e. “facilitates and/or enables”, looks more appropriate.

	LGE
	Support

	Huawei, HiSilicon
	‘SL positioning is helpful to increase absolute positioning accuracy’ is unclear to be comparing to what? 

	FL
	It seems OPPO’s suggestion is good. 

	Ericsson
	Agree with other that the observation need clarification.  We suggest that the observation is written similar to above, listing which sources  observed that the different techniques for SL positioning met the accuracy target. 


	Lenovo
	Support



Conclusion in online
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. 


Observation 3.1-2 (High)
Round 1
Observation 3.1-2 (R1)
Simulation results in contributions from 5 sources ( [Huawei 2] [ZTE,CMCC 7] [Qualcomm 14] [CEWiT 16] [Ericsson 17] ) show that Joint Uu-SL absolute positioning can improve accuracy compared to Uu-only positioning or SL-only positioning
· Performance improvement of Joint Uu-SL absolute positioning compared to SL-only positioning is shown in contributions from 3 sources  ([Huawei 2], [ZTE,CMCC 7], [Ericsson 17] ) for  V2X use case,  from 4 sources  ([Huawei 2], [ZTE,CMCC 7], [Qualcomm 14], [CEWiT 16] ) for  IIOT use case, from 2 sources ([Huawei 2], [ZTE,CMCC 7]) for Public safety or commercial use cases. 
· FFS further details can be included here, for example, in [ZTE,CMCC 7], In highway scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A without bandwidth limitation, but SL only positioning can satisfy the requirement of Set A with bandwidth 100MHz.
Note: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	vivo
	More clarification may be needed for the scenario for the comparison.

	CATT
	We prefer to add detailed numbers of performance gains and corresponding simulation cases as 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.

	OPPO
	We suggest not to make a conclusion based on a few companis’ results at this meeting.

	FL
	The above subbullet is newly added based on vivo and CATT’s comments. 
@CATT for the details of the gain, it is hard for me to list here since companies didn’t provide the gain.  I list one FFS with one example here, not sure if companies like it or not. 
@OPPO Joint Uu-SL solution is agreed for evaluation before. Listing it here can encourage more results for next meeting. Furthermore, I use ‘can improve’ in the main bullet to weak the wording. 

	Ericsson
	Agree with the observation in principle, but we also agree with vivo that the scenario considered should be added. 



	CEWiT
	Agree with proposal.

	Sony
	Fine with the proposal.

	Qualcomm
	We also presented supporting joint Uu-SL results for IIoT and commercial scenarios in our contributions (first figure in Section 2.3 and first figure in Section 2.4). Could you please include them?

We would like to remove the FFS.

	FL
	@QC I have added QC as the source for IIOT use case above.  For the FFS part, I am happy to remove it or simplicity. If no further comment, I will remove it. 

	vivo
	For us, the current sub-bullet still difficult to illustrate the “Joint Uu-SL absolute positioning can improve accuracy compared to Uu-only positioning or SL-only positioning” in the main bullet

	Intel
	We agree with CATT that it would be desirable that the observation contains more quantitative information, e.g., gains in UE %iles satisfying the requirements, etc. instead of the direction suggested by the FFS sub-bullet. Thus, we would also suggest removing the FFS sub-bullet.

	OPPO
	If the intention is to encourage more results, a simple conclusion such as “Companies are encouraged to simulate Joint Uu-SL absolute positioning” or something like that should be sufficient, we failed to see the value of this lengthy high level observation. 

	CATT
	We think it is good to add the sub-bullet of FFS in this observation to show the performance gains of Joint Uu-SL absolute positioning over SL-only positioning.
We prefer to clarity that the “without bandwidth limitation” in the following FFS means 20MHz or other values of bandwidth, since the without bandwidth limitation is not clear for us. And the exact value of bandwidth (e.g., 20MHz) can be mentioned in the FFS.
· FFS further details can be included here, for example, in [ZTE,CMCC 7], In highway scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A without bandwidth limitation, but SL only positioning can satisfy the requirement of Set A with bandwidth 100MHz.

	LGE
	Same comment as in Observation 2.2-2.
Suggest to use the objective statement for the summary:
“Target requirement A is shown to be achieved in X1, and not achieved in X2 of Y sources for condition 1.”

Another comment on FFS is that the observation seems different from that of the highway case. According to Observation 2.2-2, it says
· The requirement 1.5m@90% (Set A)
·  is achieved with 20MHz bandwidth  in contributions from 3 sources ( [ZTE,CMCC 7] [Lenovo 9] [CEWiT 16] ), 

Then, isn’t is true that SL-only positioning can also meet the requirement Set A without bandwidth limitation, at least based on 3 sources?

	FL
	Based on the comments so far, I think the best way is to remove the FFS. But I still think keep the main bullets are useful. 
@LG, Intel and CATT, whether target requirement is met has been shown in section 2.2. All 5 sources show the gain, but most cases the SL-only and Joint Uu/SL methods can both or neither satisfy the target requirements. Please further check the new update in section 2.2.  With this, I think the details will not be needed.   
Regarding the exact performance gain, companies did not provide that in their contribution, and this is also not in the template which is used to collect results. It is hard to me compute one by one by myself.

Please see my further update above.

	LGE
	We’re fine with the updated proposal. Thanks for FL’s effort.

	Lenovo
	We still think that more clarification is required on the joint Uu_SL positioning scenario as vivo’s suggested in first comment

	CATT
	We can understand that exact performance gains are not available at this stage. Then, we prefer to discuss this observation at next meeting, when more detailed information and performance gains can be obtained.

	FL
	@CATT, Lenovo,  The main intention is to agree the high level part that joint Uu/SL is beneficial. For the details part, they can be reflected in section 2.2 for highway scenario.  So far, 3 companies provide the comparison, all shown performance gain. However, except ZTE’s one case, all other cases shown  that the SL-only and Joint Uu/SL methods can both or neither satisfy the target requirements. 

	vivo
	We also share the same view with CATT and Intel to collect more results and quantity value, so we prefer to summarize the proposal in the next meeting




Observation 3.1-3 
Round 1
Absolute positioning results based on different numbers of RSU/anchor UEs provided in contributions from 2 sources ( [Nokia 1], [InterDigital 11] ) show that, more RSU/anchor UEs can improve the positioning accuracy.
	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	We prefer to add detailed numbers of performance gains and corresponding simulation cases as the subbullets for this observation to show the accuracy improvement of absolute positioning with more RSUs, e.g., the performance gain is 5% under the 20MHz bandwith for V2X Urban Grid use cases.

	Huawei, HiSilicon
	It seems the observation ‘in general’ because we are assuming if RSU/anchor UEs don’t provide more chances to get LOS then might not be helpful to improve the accuracy. 

	Ericsson
	We think we should focus on whether accuracy targets are passed/failed. While the observation is generally correct, it is not very helpful as clearly a denser set of references/anchors is always better. 

	InterDigital
	Feature Lead’s observation doesn’t capture our results accurately. Please remove the contribution from InterDigital from the observation. Between Case 1 and case 2 in R1-2209486, the number of dropped anchor UE and the area of the target UE is dropped (convex hull vs entire floor) are different. Hence, we cannot compare simulation case 1 and case 2 directly for measuring the impact of number of anchor UEs on positioning accuracy.  

	Qualcomm
	We presented results showing the performance as a function of the number of SL anchors in our contribution (first figure in Section 2.3 and first figure in Section 2.4). We observed that the performance improved with increasing number of anchors. That said, there were diminishing returns past a certain point and we think it is important to capture that the increase in accuracy is bounded.

	Lenovo
	We generally agree but we would like to highlight that this also depends on the RSU/anchor selection procedure.

	
	



Observation 3.1-4
Round 1
For V2X use case in highway scenario, absolute positioning results in contributions from 4 sources ([vivo 3] [Lenovo 9] [LG 10] [Intel 15] ) show that  the positioning accuracy based on staggered RSU deployment outperforms the case with the symmetric RSU deployment in the evaluation.
	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	We prefer to add detailed numbers of performance gains and corresponding simulation cases as the subbullets for this observation to show the accuracy improvement of absolute positioning with staggered RSU, e.g., the performance gain is 5% under the 20MHz bandwith for V2X highway use cases.

	Qualcomm
	We do not think a dedicated observation is needed here. Capturing the results for the optional scenario would be sufficient in our view. 

	Lenovo
	We are generally fine with this observation



Observation 3.1-5
Round 1
Results in contribution from 1 source ( [InterDigital 11] ) show that Synchronization error among anchor UEs resulting in horizontal accuracy loss for SL-TDOA, and results in contribution from 1 source ( [Samsung 12] ) show that the uncertainty of the location coordinates degrades the performance of SL positioning accuracy. 
	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	We prefer to add detailed numbers of performance loss and corresponding simulation cases as the subbullets for this observation to show the accuracy degradation of absolute positioning with sync error or uncertainty of location coordinates, e.g., the performance loss is 5% under the 20MHz bandwith for V2X Urban Grid use cases.

	Ericsson
	OK. Considering only one company has the observation, maybe we should delay this observation to the next meeting?

	InterDigital
	Support

	Qualcomm
	We agree with the proposal to wait until more results are available.

	Intel
	Agree with the comments that it would be better to not capture observations based on single-source results at least during this meeting.

	Lenovo
	We agree with Ericsson’s view



3.2 Relative positioning/ranging 
Observation 3.2-1(For email endorsement)
Round 1
Observation 3.2-1 (R1):
The performance analysis for Rel-18 SL positioning shows that, support of SL positioning facilitates and/or enables relative positioning/ ranging between two 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] )
	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	We prefer to add the concrete positioning methods(SL-RTT and/or SL-AoA) into the main bullet, since most of companies adopt these positioning methods for relative positioning/ranging.
Our preferred main bullet of the observation as follows,

Updated Observation 3.2-1(R1):
The performance analysis for Rel-18 SL positioning shows that, support of SL positioning methods, e.g, SL-RTT and/or SL-AoA, facilitates and/or enables relative positioning/ ranging between two UEs. For relative positioning/ranging positioning accuracy,

	OPPO
	OK

	LGE
	Support

	Ericsson
	The observation is unclear.  We suggest to answer whether   the requirements can  be met or not.

 




Round 2
FL comments: 
@Ericsson Basically, one company just uses one positioning method for evaluation. Whether the target requirements are met or not has been reflected in section 2. So this proposal is just for high level summary. 
@vivo, CEWiT and all,  please further check the following change can be acceptable. One-way ranging was proposed in GTW, please proponent add it in the comment box. 

Observation 3.2-1 (R2):
The performance analysis for Rel-18 SL positioning shows that, SL positioning methods, e.g, SL-RTT and/or SL-AoA can be used for relative positioning/ ranging between two 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. 


	Company
	Comments 

	CEWiT
	We fine with intention of the proposal. We feel there is no  need of e.g. as SL positioning methods is sufficient. 
Further to clarify more on SL-TDOA based relative positioning, we believe absolute and relative positioning only difference is the reference node for final estimation of position/location co-ordinates of the target node. 
In our simulation, we have chosen the anchor UE (either RSU or V2X UE table 4 and 8) and few assisting UEs around the target UEs (10 UEs including anchor). SL_PRS is transmitted from all assisting and anchor UEs which will be received by target to measure TDOA. Using these measurements with outlier removal, used to estimate relative position of target UE from anchor/reference UE. This is explained in the section 2.2 and 2.3 in details. Hope this clarifies the setup. 

	CATT
	OK with the proposal.

	vivo
	We are okay with the FL proposal. 
If companies have some concerns, we are also okay to revise the sub-bullet to make it clear, such as 

· Results based on two devices' absolute positioning based SL- TDOA were provided in contribution from 1 source ( [CEWiT 16] )


	Sony
	 OK with the proposal above.

	Huawei, HiSilicon
	We are confused again by “facilitates and/or enables”. Should not we follow the same formulation as the agreed conclusion for the abs pos?:

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:  


In addition, according the discussion in the GTW, our understanding on the SL-RTT and/or AOA may extend beyond the operation between the pair of UEs for relative positioning/ranging. Is it common understanding that the first bullet does not only contain the RTT/AoA between the pair of UE for relative positioning/ranging?

	Locaila
	Fine with the proposal.

	Qualcomm
	We suggest reusing the wording from the GTW agreement.

The performance analysis for Rel-18 SL positioning shows that, support of SL positioning methods, e.g, SL-RTT and/or SL-AoA, facilitates and/or enables can be used for relative positioning/ ranging between two UEs. For relative positioning/ranging positioning accuracy, 
….

	FL
	I use QC’s wording in the above proposal.  Thanks Huawei and QC.
@Huawei Not very sure your question. My understanding is, most companies only use RTT/AOA between the pair of UEs for the simulation. For the solutions, it is a separate discussion. 

	Intel
	OK. 

	OPPO
	Fine with the latest proposal.

	LGE
	We support FL proposal with one comment. Considering CEWiT’s and Huawei’s comments, we don’t need to restrict SL relative positioning/ranging to a pair of UEs. It could be more than two UEs e.g. in SL relative positioning based on SL TDOA. So we can generalize the statement as below.

Observation 3.2-1 (R2):
The performance analysis for Rel-18 SL positioning shows that, SL positioning methods, e.g, ST-TDOA, SL-RTT and/or SL-AoA can be used for relative positioning/ ranging between two UEs. For relative positioning/ranging positioning accuracy, 


	FL
	To LG, I have removed ‘two’ in the above proposal.   For other part, lets remove the examples for simplicity because the particular methods have been listed in the subbullets. 

	Xiaomi
	We are fine with the proposal.

	LGE
	Thank FL for the update. We’re fine with the updated proposal.

	Lenovo
	Ok with the proposal





Observation 3.2-2 (for GTW)
Round 1
Observation 3.2-2 (R1):
Simulation results in contributions from 6 sources ( [Huawei 2] [vivo 3] [CATT, GOHIGH 5] [ZTE,CMCC 7], [LG 10], [Intel 15]  ) show that relative positioning 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 highway scenario, simulation results in contributions from 5 sources ( [Huawei 2] [CATT, GOHIGH 5] [ZTE,CMCC 7] [LG 10] [Intel 15] ) show that  relative positioning and/or distance accuracy of ranging performance improves with X value decreasing.
· and results in contribution from 1 source ( [vivo 3] ) show that performance of distance error for ranging distance positioning changes slightly when the value of X increases
·  In urban grid scenarios, simulation results in contributions from 5 sources ([vivo 3] [CATT, GOHIGH 5] [ZTE,CMCC 7] [xiaomi 8] [Intel 15] ) show that  relative positioning and/or distance accuracy of ranging performance improves with X value decreasing. 
· The observations were provided  in contributions from 2 sources ( [ZTE,CMCC 7] [xiaomi 8] ) for commercial use cases or public safety use cases.
	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	vivo
	In our highway result, the relative positioning also be improved with the X value decreasing

	Huawei, HiSilicon
	This sentence should start with a new line.
· The observations were provided  in contributions from 2 sources ( [ZTE,CMCC 7] [xiaomi 8] ) for commercial use cases or public safety use cases.


	
	



Round 2
FL comment: More details are included to describe whether target requirements are met or not based on the comments online for different X values. 


Observation 3.2-2 (R2):
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 positioning 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. Or a target requirement may be achieved in condition of a smaller X value and a smaller SL PRS bandwidth, and can be achieved in condition of a larger X value and a larger SL PRS bandwidth.
Note: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 
· 
· In highway scenario, simulation results are provided in contributions from 5 sources ( [Huawei 2] [CATT, GOHIGH 5] [ZTE,CMCC 7] [LG 10] [Intel 15] ) .
· For horizontal accuracy of relative positioning
· The target requirement 1.5m@90% (Set A) is achieved with at least 40MHz for X = 50 and with at least with 100MHz for X=150 in contributions from 1 source ( [Huawei 2] )
· The target requirement 1.5m@90% (Set A) is achieved with 40MHz for X = 20 but not achieved for X>=25 from 1 source ( [CATT, GOHIGH 5] )
· For distance accuracy of ranging,
· The target requirement 0.5m@90% (Set B) is achieved with at least 40MHz for X = 50 and with at least with 100MHz for X=150 in contributions from 1 source ( [Huawei 2] 
·  In urban grid scenarios, simulation results are provided in contributions from 5 sources ([vivo 3] [CATT, GOHIGH 5] [ZTE,CMCC 7] [xiaomi 8] [Intel 15] ) . 
· For horizontal accuracy of relative positioning
· The target requirement 1.5m@90% (Set A)  is achieved with X =10 but not achieved with X =25 in contributions from 1 source ( [vivo 3] )
· For distance accuracy of ranging,
· The target requirement 1.5m@90% (Set A) is achieved with 40MHz for X = 20, but not achieved for X = 50 in contribution from 1 source ([ZTE,CMCC 7]) 
· The observations were provided  in contributions from 2 sources ( [ZTE,CMCC 7] [xiaomi 8] ) for commercial use cases or public safety use cases or IIOT use cases.
· For distance accuracy of ranging in commercial use case, the target requirement 1m@90% is achieved with 40MH for X= 20 but not achieved for X=50 in contribution from 1 source ( [xiaomi 8] )

	Company
	Comments  (Please cite the exact section/figure/observation in your contribution)

	CATT
	OK with the proposal. We think this observation is an important general observation, and it should be captured into the TR.

	vivo
	Based on the current summary, it seems only a few companies use multiple X, and difficult to summarize in this format. Maybe we can summarize whether the requirement can be satisfied or not per X value.

	Qualcomm
	We do not think this observation is needed. Instead, the value of X should be captured where the results are cited in other observations.

	FL
	@QC  Please note that, in the TR, there are two sections for evaluation summary where one is for bandwidth requirement, the other is for absolute/relative/ranging. That’s why I do the summary from these two aspects. 

	Intel
	While we are okay with the main bullet in principle, we share the view expressed by vivo that it may be better to instead parameterize the results (preferably the errors @ 90%) based on the X values for each source. 
As can be seen, although many sources are listed for each case, the particular observations may be made only for a very few sources in the current format.

	LGE
	We’re ok with FL proposal in general, but our simulation results for randing distance accuracy under highway were not captured. The results are provided in Table 3 of R1-2209482.

	FL
	I have included X values for each source in section 2.2.  Then whether requirement is met or not per X will not be necessary anymore.  However, the main parts are still useful to clarify the association between the performance and X values.  This will be used for all scenarios to generalize the observation. Then, we don’t need to get the similar observation for each scenario. 
Please see the above update. 

	xiaomi
	Source xiaomi is missing in the main bullet.

	LGE
	Thank FL for the update. We think the removed part of the detailed results are still valuable in showing which value of X is needed to satisfy the target performance under certain condition. Without that part, the summary just states quite a general common sense of knowledge. We’re fine with the rest of the proposal.

	CATT
	We are fine with including the detailed X values for each source in section 2.2, then here we only need a simpler observation. Anyway, the detailed X values will appear in the TR for reference.
We believe it is an important observation and should be captured into the TR.

	FL
	@XIaomi, fixed. 
@LG Thanks for understanding. In section 2.2, it can also show which X is needed to meet the requirement. 

	vivo
	Based on the updated proposal in 2.2, we wonder whether the proposal is still needed




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

	Lenovo
	It would be beneficial to have another observation highlighting that using the optional antenna configuration (increasing the Tx/Rx antennas) can increase positioning accuracy.




5 Proposals for 2st GTW

[bookmark: _GoBack]Observation 2.2-2
 Observation 3.2-2 (R2):


6 Proposals for email endorsement 

Observation 3.2-1 (R2):
The performance analysis for Rel-18 SL positioning shows that, SL positioning methods, e.g, SL-RTT and/or SL-AoA can be used for relative positioning/ ranging between two 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. 
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