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Introduction
In RAN1#110bis e-meeting, the following observations on the performance analysis for sidelink positioning were achieved [1]:
	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.

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

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


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

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




In this contribution, we provide our sidelink positioning simulation results of both urban grid and highway scenarios for V2X use cases and IIoT use cases.
Performance evaluation for SL positioning in V2X use cases
In this section, we evaluate the performance of SL positioning in V2X use case. The common evaluation assumptions for V2X use cases are provided in Table 1. Parameters regarding to the urban grid and highway scenarios are further given in Table 2.
Table 1. Common evaluation assumptions for V2X use cases
	Parameters
	V2X

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20M/40M/100M

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2, Mode-2

	Reference signal including PRS, SRS and SL-PRS
	SL-PRS(Gold), 1-port

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	N/A

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm 
	MUSIC

	Description of positioning technique / applied positioning algorithm 
	Gauss-Newton 

	Synchronization assumptions
	Ideal Synchronization 

	UE/gNB RX and TX timing error assumption
	No timing error

	Precoding assumptions (codebook, nr of antenna elements used, etc)
	N/A

	Additional notes, if any
	N/A


 
Table 2 Evaluation assumptions for urban and highway if they are different from or not specified in Agreements
  
	Parameters
	urban
	highway

	UE Antenna model
	 (1, 2, 2, 1, 1)

	RSU Antenna model
	 (1, 2, 2, 1, 1)

	RSU deployment for absolute positioning 
	As shown in figure 1
	As shown in figure 2

	Selected values of X 
	10/25m
	20/25/100/150m

	Positioning method
	TDOA (absolute positioning)
RTT+AoA (relative positioning/ranging)



The topologies of urban and highway are shown in Figure 1 and Figure 2 separately. UE dropping option A defined in section 6.1.2 of TR 37.885 is used. The RSU dropping methods are as following:
· Urban: RSUs are located at the center of each intersection and uniformly located with 250m (lateral)/433m (longitudinal) spacing on both sides of each street unsymmetrically as shown in Figure 1.
· Highway: RSU are uniformly located with 200m spacing on both sides of highway unsymmetrically as shown in Figure 2.


Figure 1. RSU dropping in urban


Figure 2. RSU dropping in highway

Urban grid scenario
Absolute positioning
For absolute positioning of urban scenario, the simulation results of different bandwidths are provided in Table 3.
Table 3. Simulation results for urban grid for absolute positioning - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #TDOA
	2.387
	4.090
	6.608
	9.822
	No
38% of UEs satisfying the target positioning accuracy requirement
	No
11% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method#TDOA, 6GHz
	0.930
	1.615
	3.074
	5.114
	No
65% of UEs satisfying the target positioning accuracy requirement
	No
30% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method#TDOA
	0.290
	0.5134
	0.918
	1.559
	No
89.5% of UEs satisfying the target positioning accuracy requirement
	No
66% of UEs satisfying the target positioning accuracy requirement


The existing of NLOS will decrease the accuracy of the TDOA badly, the whole performance of urban absolute positioning is poor.
Observation 1: For urban grid scenario, the absolute positioning accuracy in horizontal can reach 1.559 m for 90% UEs under 100MHz bandwidth.
Observation 2: The positioning errors in urban grid almost satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Relative positioning
For relative positioning of urban scenario, the positioning method is RTT+AoA, and X=10/25m. The results are given in Table 4 and Table 5.
Table 4. Simulation results for urban grid for relative positioning (X=10m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 6GHz, positioning method #RTT+AoA
	0.597
	0.900
	1.497
	1.982
	No
81.8% of UEs satisfying the target positioning accuracy requirement
	No
40.4% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 6GHz, positioning method #RTT+AoA
	0.248
	0.410
	0.899
	1.321
	Yes
	No
73% of UEs satisfying the target positioning accuracy requirement



Table 5. Simulation results for urban grid for relative positioning (X=25m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	1.620
	2.382
	3.351
	4.610
	No
46.5% of UEs satisfying the target positioning accuracy requirement
	No
11% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	1.301
	1.999
	2.802
	4.070
	No
55.8% of UEs satisfying the target positioning accuracy requirement
	No
18.4% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT+AoA
	1.148
	1.811
	2.659
	3.900
	No
59% of UEs satisfying the target positioning accuracy requirement
	No
23% of UEs satisfying the target positioning accuracy requirement



As the relative positioning method is RTT+AoA, both the accuracy of RTT and AoA will affect the final positioning accuracy. As shown in section 2.1.3, we can see the main reason that affects the positioning performance is the measurement of AoA and the value of X.

Observation 3: For urban grid scenario, the relative positioning accuracy in horizontal can reach 1.321 m for 90% UEs under 100MHz bandwidth.
Observation 4: The positioning errors in urban grid can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Ranging
For ranging, both the distance accuracy and angle accuracy are provided in Table 6~Table 9.
1) Distance accuracy:
Table 6. Simulation results for urban grid for ranging (X=10m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 6GHz, positioning method #RTT
	0.120
	0.239
	0.395
	0.666
	Yes
	No
86% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 6GHz, positioning method #RTT
	0.089
	0.122
	0.150
	0.172
	Yes
	Yes



Table 7. Simulation results for urban grid for ranging (X=25m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0.344
	0.567
	0.878
	1.354
	Yes
	No
63% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.140
	0.243
	0.413
	0.650
	Yes
	No
85% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT
	0.061
	0.094
	0.135
	0.241
	Yes
	Yes



Observation 5: For urban grid scenario, the distance accuracy can reach 0.172 m for 90% UEs under 100MHz bandwidth.
Observation 6: The distance accuracy in urban grid can satisfy the requirements of Set A under 100MHz bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).
2) Angle accuracy:
Table 8. Simulation results for urban grid for ranging (X=10m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 6GHz, positioning method #AoA
	2.31°
	4.45°
	9.58°
	12.70°
	Yes
	No
71% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 6GHz, positioning method #AoA
	3.53°
	5.80°
	8.82°
	12.60°
	Yes
	No
77.5% of UEs satisfying the target positioning accuracy requirement



Table 9. Simulation results for urban grid for ranging (X=25m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	6.38°
	8.91°
	12.41°
	16.71°
	No
87.5% of UEs satisfying the target positioning accuracy requirement
	No
62.3% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	5.65°
	8.01°
	10.83°
	14.95°
	Yes
	No
67% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #AoA
	5.32°
	7.69°
	10.5°
	14.36°
	Yes
	No
69% of UEs satisfying the target positioning accuracy requirement


From the above simulation results, it can be shown that the influence of bandwidth on the angle accuracy is limited in urban grid. The main reason is that most of the angles between the two UEs are close to 90 degrees, the measurement algorithm of MUSIC is badly conditioned in urban grid.
Observation 7: For urban grid scenario, the angle accuracy can reach 12.60°for 90% UEs under 100MHz bandwidth.
Observation 8: The angle accuracy in urban grid can satisfy the requirements of Set A under 100MHz bandwidth (±15°@ 90% CDF UE), but cannot satisfy Set B (±8°@ 90% CDF UE).

Highway scenario
Absolute positioning
For absolute positioning of highway scenario, the simulation results of different bandwidths are provided in Table 10.
Table 10. Simulation results for highway for absolute positioning - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #TDOA
	0.695
	1.050
	1.455
	2.126
	No
82% of UEs satisfying the target positioning accuracy requirement
	No
36% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method#TDOA
	0.443
	0.697
	0.997
	1.420
	Yes
	No
55% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method#TDOA
	0.125
	0.192
	0.287
	0.446
	Yes
	Yes



Observation 9: For highway scenario, the absolute positioning accuracy in horizontal can reach 0.446 m for 90% UEs under 100MHz bandwidth.
Observation 10: The positioning errors in highway can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), and also satisfy Set B (0.5m@ 90% CDF UE).

Relative positioning
For relative positioning of urban scenario, the positioning method is RTT+AoA, and X=20/25/100/150m. The results are given in Table 11~Table 14.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Table 11. Simulation results for highway for relative positioning (X=20m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	1.358
	2.653
	2.685
	3.253
	No
54% of UEs satisfying the target positioning accuracy requirement
	No
23.5% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	0.471
	0.820
	1.203
	1.494
	Yes
	No
54% of UEs satisfying the target positioning accuracy requirement



Table 12. Simulation results for highway for relative positioning (X=25m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	2.037
	2.990
	3.900
	4.801
	No
38.6% of UEs satisfying the target positioning accuracy requirement
	No
12.7% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	0.631
	0.875
	1.453
	2.010
	No
83% of UEs satisfying the target positioning accuracy requirement
	No
39% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT+AoA
	0.145
	0.258
	0.594
	0.791
	Yes
	No
71% of UEs satisfying the target positioning accuracy requirement



Table 13. Simulation results for highway for relative positioning (X=100m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	1.739
	2.932
	4.504
	7.270
	No
44% of UEs satisfying the target positioning accuracy requirement
	No
16% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	1.325
	2.154
	3.385
	5.231
	No
54% of UEs satisfying the target positioning accuracy requirement
	No
23.5% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT+AoA
	0.8705
	1.500
	2.891
	4.467
	No
67% of UEs satisfying the target positioning accuracy requirement
	No
35% of UEs satisfying the target positioning accuracy requirement



Table 14. Simulation results for highway for relative positioning (X=150m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	2.175
	3.570
	5.700
	9.613
	No
38.6% of UEs satisfying the target positioning accuracy requirement
	No
12.7% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	1.628
	2.815
	4.617
	7.474
	No
48% of UEs satisfying the target positioning accuracy requirement
	No
19% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT+AoA
	1.119
	2.250
	3.572
	6.197
	No
57% of UEs satisfying the target positioning accuracy requirement
	No
29% of UEs satisfying the target positioning accuracy requirement


As the relative positioning method is based on RTT+AoA, the value of X and angle result will mainly affect the performance. When the value of X is larger, the relative positioning accuracy is lower.
Observation 11: For highway scenario, the relative positioning accuracy in horizontal can reach 0.791 m for 90% UEs under 100MHz bandwidth.
Observation 12: The positioning errors in highway scenario can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).

Ranging
For ranging, both the distance accuracy and angle accuracy are provided in Table 15~ Table 18.
1) Distance accuracy:
Table 15. Simulation results for highway for ranging (X=20m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0.750
	0.960
	1.809
	2.371
	Yes
	No
If not, 36% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.490
	0.623
	1.008
	1.264
	Yes
	No
If not, 66% of UEs satisfying the target positioning accuracy requirement


Table 16. Simulation results for highway for ranging (X=25m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0. 475
	0.740
	1.582
	2.050
	No, If not, 79% of UEs satisfying the target positioning accuracy requirement
	No
If not, 57% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.258
	0.688
	0.845
	1.298
	Yes
	No
If not, 60% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT
	0.074
	0.115
	0.160
	0.231
	Yes
	Yes



Table 17. Simulation results for highway for ranging (X=100m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0.310
	0.520
	0.781
	1.309
	Yes
	No
If not, 66% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.135
	0.243
	0.400
	0.680
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT
	0.047
	0.099
	0.166
	0.269
	Yes
	Yes


Table 18. Simulation results for highway for ranging (X=150m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0.284
	0.500
	0.783
	1.302
	Yes
	No
If not, 67% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.136
	0.246
	0.409
	0.683
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT
	0.053
	0.098
	0.175
	0.292
	Yes
	Yes



Observation 13: For highway scenario, the distance accuracy can reach 0.231 m for 90% UEs under 100MHz bandwidth.
Observation 14: The distance accuracy in highway can satisfy the requirements of Set A under 100MHz bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).

2) Angle accuracy:
Table 19. Simulation results for highway for ranging (X=20m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	2.18°
	3.61°
	5.46°
	8.66°
	Yes
	No
89% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	1.06°
	1.71°
	2.00°
	3.20°
	Yes
	Yes



Table 20. Simulation results for highway for ranging (X=25m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	7.60°
	13.65°
	15.60°
	17.90°
	No
80.0% of UEs satisfying the target positioning accuracy requirement
	No
53.5% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	1.65°
	5.64°
	10.00°
	12.89°
	Yes
	No
74.5% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #AoA
	1.21°
	2.01°
	2.42°
	3.44°
	Yes
	Yes



Table 21. Simulation results for highway for ranging (X=100m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	2.14°
	3.57°
	5.36°
	8.52°
	Yes
	No
89% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	1.72°
	2.70°
	4.09°
	6.26°
	Yes
	Yes

	Case #3, BW#100M, 6GHz, positioning method #AoA
	1.14°
	1.95°
	3.45°
	4.79°
	Yes
	Yes



Table 22. Simulation results for highway for ranging (X=150m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	2.00°
	3.18°
	5.00°
	8.30°
	Yes
	No
16.5% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	1.59°
	2.50°
	3.73°
	5.88°
	Yes
	Yes

	Case #3, BW#100M, 6GHz, positioning method #AoA
	1.06°
	1.86°
	3.26°
	4.65°
	Yes
	Yes



Observation 15: For highway scenario, the angle accuracy can reach 3.20°for 90% UEs under 40MHz bandwidth.
Observation 16: The angle accuracy in highway can satisfy the requirements of Set A under 40MHz bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).

Performance evaluation for SL positioning in IIoT use cases
In this section, we evaluate the performance of SL positioning in IIoT use cases. The common assumptions for IIoT use cases are provided in Table 23. Other parameters are further given in Table 24.
Table 23. Common evaluation assumptions for IIoT use cases
	Parameter
	IIoT use cases

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20M/40M/100M

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2, Mode-2

	Reference signal including PRS, SRS and SL-PRS
	SL-PRS(Gold), 1-port

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	N/A

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm 
	MUSIC

	Description of positioning technique / applied positioning algorithm 
	Gauss-Newton 

	Synchronization assumptions
	Ideal Synchronization 

	UE/gNB RX and TX timing error assumption
	No timing error

	Precoding assumptions (codebook, nr of antenna elements used, etc)
	N/A

	Additional notes, if any
	N/A



Table 24 Evaluation assumptions for IIoT use cases if they are different from or not specified in Agreements 
	Parameters
	IIoT

	UE Antenna model
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1)

	BS/RSU deployment for absolute positioning
	As shown in Figure 3

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	10m

	Positioning method
	RTT+AoA(relative positioning/ranging)



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For IIoT use cases, the InF-SH scenario is selected for the simulation. The 18 anchor UEs are located on a square lattice with spacing D, and D/2 from the walls. The deployment is shown in Figure 3, where L=300m, W=150m and D=50m. Each target UE takes itself as the center of a circle and takes 10m as the radius of a circle to determine a circular area and select the anchor UEs within the area for sidelink positioning.
[image: ]
Figure 3. Anchor UEs dropping in IIoT InF-SH scenario
IIoT InF-SH scenario
Relative positioning
For relative positioning of InF-SH scenario, the positioning method is RTT+AoA, and X=10m. The results are given in Table 25.
Table 25. Simulation results for IIoT for relative positioning (X=10m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 6GHz, positioning method #RTT+AoA
	0.400
	0.438
	0.556
	0.830
	Yes 
	No
41% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 6GHz, positioning method #RTT+AoA
	0.131
	0.152
	0.169
	0.255
	Yes 
	No
83% of UEs satisfying the target positioning accuracy requirement




Observation 17: For IIoT InF-SH scenario, the relative positioning accuracy in horizontal can reach 0.83 m for 90% UEs under 40MHz bandwidth and 0.255 m for 90% UEs under 100MHz bandwidth.

Observation 18: The positioning errors in IIoT InF-SH scenario can satisfy the requirements of Set A under 40MHz bandwidth (1m@ 90% CDF UE), but cannot satisfy Set B (0.2m@ 90% CDF UE).

Ranging
For ranging, both the distance accuracy and angle accuracy are provided in Table 26~ Table 27.

1) Distance accuracy:
Table 26. Simulation results for IIoT InF-SH for ranging (X=10m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 6GHz, positioning method #RTT
	0.256
	0.379
	0.440
	0.712
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 6GHz, positioning method #RTT
	0.100
	0.135
	0.156
	0.177
	Yes
	Yes




Observation 19: For IIoT InF-SH scenario, the distance accuracy can reach 0.712 m for 90% UEs under 40MHz bandwidth and 0.177 m for 90% UEs under 100MHz bandwidth.
Observation 20: The distance accuracy in IIoT InF-SH can satisfy the requirements of Set A under 40MHz bandwidth (1 m @ 90% CDF UE), but cannot satisfy Set B (0.2m @ 90% CDF UE).

2) Angle accuracy:
Table 27. Simulation results for IIoT InF-SH for ranging (X=10m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 6GHz, positioning method #AoA
	1.62°
	2.13°
	2.74°
	5.12°
	Yes
	Yes

	Case #2, BW#100M, 6GHz, positioning method #AoA
	0.41°
	0.70°
	1.15°
	1.73°
	Yes
	Yes



Observation 21: For IIoT InF-SH scenario, the angle accuracy can reach 5.12°for 90% UEs under 40MHz bandwidth.
Observation 22: The angle accuracy in IIoT InF-SH scenario can satisfy the requirements of Set A under 40MHz bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).

Conclusions
In this contribution, we provide simulation results for SL positioning. Both V2X use case and IIoT use case are evaluated. We have the following observations:

Urban grid scenario

Observation 1: For urban grid scenario, the absolute positioning accuracy in horizontal can reach 1.559 m for 90% UEs under 100MHz bandwidth.
Observation 2: The positioning errors in urban grid almost satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 3: For urban grid scenario, the relative positioning accuracy in horizontal can reach 1.321 m for 90% UEs under 100MHz bandwidth.
Observation 4: The positioning errors in urban grid can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 5: For urban grid scenario, the distance accuracy can reach 0.172 m for 90% UEs under 100MHz bandwidth.
Observation 6: The distance accuracy in urban grid can satisfy the requirements of Set A under 100MHz bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).
Observation 7: For urban grid scenario, the angle accuracy can reach 12.60°for 90% UEs under 100MHz bandwidth.
Observation 8: The angle accuracy in urban grid can satisfy the requirements of Set A under 100MHz bandwidth (±15°@ 90% CDF UE), but cannot satisfy Set B (±8°@ 90% CDF UE).


Highway scenario

Observation 9: For highway scenario, the absolute positioning accuracy in horizontal can reach 0.446 m for 90% UEs under 100MHz bandwidth.
Observation 10: The positioning errors in highway can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), and also satisfy Set B (0.5m@ 90% CDF UE).
Observation 11: For highway scenario, the relative positioning accuracy in horizontal can reach 0.791 m for 90% UEs under 100MHz bandwidth.
Observation 12: The positioning errors in highway scenario can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 13: For highway scenario, the distance accuracy can reach 0.231 m for 90% UEs under 100MHz bandwidth.
Observation 14: The distance accuracy in highway can satisfy the requirements of Set A under 100MHz bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).
Observation 15: For highway scenario, the angle accuracy can reach 3.20°for 90% UEs under 40MHz bandwidth.
Observation 16: The angle accuracy in highway can satisfy the requirements of Set A under 40MHz bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).

IIoT InF-SH scenario

Observation 17: For IIoT scenario, the relative positioning accuracy in horizontal can reach 0.83 m for 90% UEs under 40MHz bandwidth and 0.255 m for 90% UEs under 100MHz bandwidth.
Observation 18: The positioning errors in IIoT scenario can satisfy the requirements of Set A under 40MHz bandwidth (1m@ 90% CDF UE), but cannot satisfy Set B (0.2m@ 90% CDF UE).
Observation 19: For IIoT scenario, the distance accuracy can reach 0.712 m for 90% UEs under 40MHz bandwidth and 0.177 m for 90% UEs under 100MHz bandwidth.
Observation 20: The distance accuracy in IIoT can satisfy the requirements of Set A under 40MHz bandwidth (1 @ 90% CDF UE), but cannot satisfy Set B (0.2m @ 90% CDF UE).
Observation 21: For IIoT scenario, the angle accuracy can reach 5.12°for 90% UEs under 40MHz bandwidth.
Observation 22: The angle accuracy in IIoT can satisfy the requirements of Set A under 40MHz bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).
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[bookmark: _Toc117437930]Annex B.1: Evaluation Results for Sidelink Positioning 
[bookmark: _Toc117437932]B.1.1.1	Description of evaluation scenarios
We provide our sidelink positioning simulation results of both urban grid and highway scenarios for V2X use cases and IIoT use cases.
Common assumptions applicable to all evaluated scenarios that are different from or not provided in Tables A.1-1 through A.1-6 are provided in Table B.1.X.1-1.
Table B.1.X.1-1: Common assumptions for sidelink positioning evaluations that are different from or not provided in Annex A.1 
	Parameter
	V2X

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20M/40M/100M

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2, Mode-2

	Reference signal including PRS, SRS and SL-PRS
(type of sequence, number of ports, …)
	SL-PRS(Gold), 1-port

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	N/A

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Gauss-Newton

	Synchronization assumptions
	Ideal Synchronization

	UE/gNB RX and TX timing error assumption
	No timing error

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	N/A



Evaluation cases and relevant additional assumptions for highway scenarios for V2X use cases are provided in Table B.1.X.1-2.
Table B.1.X.1-2: Assumptions for sidelink positioning in highway scenarios for V2X use cases that are different from or not provided in Annex A.1 
	Parameter
	highway

	UE Antenna model
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1)

	BS/RSU deployment for absolute positioning
	As shown in figure 2

	BS/RSU deployment for relative positioning/ranging 
	-

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	20/25/100/150m

	Positioning method
	TDOA(absolute positioning)
RTT+AoA (relative positioning/ranging)



Evaluation cases and relevant additional assumptions for urban grid scenarios for V2X use cases are provided in Table B.1.X.1-3.
Table B.1.X.1-3: Assumptions for sidelink positioning in urban grid scenarios for V2X use cases that are different from or not provided in Annex A.1 
	Parameter
	urban

	UE Antenna model
	 (1, 2, 2, 1, 1)

	TRP antenna model
	 (1, 2, 2, 1, 1)

	BS/RSU deployment for absolute positioning
	As shown in figure 1

	BS/RSU deployment for relative positioning/ranging 
	-

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	10/25m

	Positioning method
	TDOA(absolute positioning)
RTT+AoA (relative positioning/ranging)



Evaluation cases and relevant additional assumptions for IIoT use cases are provided in Table B.1.X.1-4. 
Table B.1.X.1-4: Assumptions for sidelink positioning for IIoT use cases that are different from or not provided in Annex A.1 
	Parameter
	IIoT

	UE Antenna model
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1)

	BS/RSU deployment for absolute positioning
	As shown in Figure 3

	BS/RSU deployment for relative positioning/ranging 
	-

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	10m

	Positioning method
	RTT+AoA(relative positioning/ranging)



[bookmark: _Toc117437933]B.1.X.2	Positioning accuracy evaluation results for Sidelink Positioning
[bookmark: _Toc117437934]B.1.X.2.1	Positioning accuracy evaluation results for Sidelink Positioning for Highway Scenarios for V2X

Table B.1.X.2.1-1 provides horizontal absolute positioning accuracy results using sidelink positioning for highway scenarios for V2X use cases.
 
Table B.1.X.2.1-1: Sidelink positioning - horizontal absolute accuracy for highway scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #TDOA
	0.695
	1.050
	1.455
	2.126
	No
82% of UEs satisfying the target positioning accuracy requirement
	No
36% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method#TDOA
	0.443
	0.697
	0.997
	1.420
	Yes
	No
55% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method#TDOA
	0.125
	0.192
	0.287
	0.446
	Yes
	Yes


  
Table B.1.X.2.1-2- B.1.X.2.1-5 provides horizontal relative positioning accuracy results using sidelink positioning for highway scenarios for V2X use cases.
 
Table B.1.X.2.1-2: Sidelink positioning - horizontal relative accuracy (X=20m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #4, BW#20M, 6GHz, positioning method #RTT+AoA
	1.358
	2.653
	2.685
	3.253
	No
54% of UEs satisfying the target positioning accuracy requirement
	No
23.5% of UEs satisfying the target positioning accuracy requirement

	Case #5, BW#40M, 6GHz, positioning method #RTT+AoA
	0.471
	0.820
	1.203
	1.494
	Yes
	No
54% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.1-3: Sidelink positioning - horizontal relative accuracy (X=25m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #6, BW#20M, 6GHz, positioning method #RTT+AoA
	2.037
	2.990
	3.900
	4.801
	No
38.6% of UEs satisfying the target positioning accuracy requirement
	No
12.7% of UEs satisfying the target positioning accuracy requirement

	Case #7, BW#40M, 6GHz, positioning method #RTT+AoA
	0.631
	0.875
	1.453
	2.010
	No
83% of UEs satisfying the target positioning accuracy requirement
	No
39% of UEs satisfying the target positioning accuracy requirement

	Case #8, BW#100M, 6GHz, positioning method #RTT+AoA
	0.145
	0.258
	0.594
	0.791
	Yes
	No
71% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.1-4: Sidelink positioning - horizontal relative accuracy (X=100m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #9, BW#20M, 6GHz, positioning method #RTT+AoA
	1.739
	2.932
	4.504
	7.270
	No
44% of UEs satisfying the target positioning accuracy requirement
	No
16% of UEs satisfying the target positioning accuracy requirement

	Case #10, BW#40M, 6GHz, positioning method #RTT+AoA
	1.325
	2.154
	3.385
	5.231
	No
54% of UEs satisfying the target positioning accuracy requirement
	No
23.5% of UEs satisfying the target positioning accuracy requirement

	Case #11, BW#100M, 6GHz, positioning method #RTT+AoA
	0.8705
	1.500
	2.891
	4.467
	No
67% of UEs satisfying the target positioning accuracy requirement
	No
35% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.1-5: Sidelink positioning - horizontal relative accuracy (X=150m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #12, BW#20M, 6GHz, positioning method #RTT+AoA
	2.175
	3.570
	5.700
	9.613
	No
38.6% of UEs satisfying the target positioning accuracy requirement
	No
12.7% of UEs satisfying the target positioning accuracy requirement

	Case #13, BW#40M, 6GHz, positioning method #RTT+AoA
	1.628
	2.815
	4.617
	7.474
	No
48% of UEs satisfying the target positioning accuracy requirement
	No
19% of UEs satisfying the target positioning accuracy requirement

	Case #14, BW#100M, 6GHz, positioning method #RTT+AoA
	1.119
	2.250
	3.572
	6.197
	No
57% of UEs satisfying the target positioning accuracy requirement
	No
29% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.1-6- B.1.X.2.1-9 provide ranging distance accuracy results using sidelink positioning for highway scenarios for V2X use cases.
 
Table B.1.X.2.1-6: Sidelink positioning - ranging distance accuracy (X=20m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #4, BW#20M, 6GHz, positioning method #RTT
	0.750
	0.960
	1.809
	2.371
	Yes
	No
If not, 36% of UEs satisfying the target positioning accuracy requirement

	Case #5, BW#40M, 6GHz, positioning method #RTT
	0.490
	0.623
	1.008
	1.264
	Yes
	No
If not, 66% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.1-7: Sidelink positioning - ranging distance accuracy (X=25m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #6, BW#20M, 6GHz, positioning method #RTT
	0. 475
	0.740
	1.582
	2.050
	No
If not, 79% of UEs satisfying the target positioning accuracy requirement
	No
If not, 57% of UEs satisfying the target positioning accuracy requirement

	Case #7, BW#40M, 6GHz, positioning method #RTT
	0.258
	0.688
	0.845
	1.298
	Yes
	No
If not, 60% of UEs satisfying the target positioning accuracy requirement

	Case #8, BW#100M, 6GHz, positioning method #RTT
	0.074
	0.115
	0.160
	0.231
	Yes
	Yes



Table B.1.X.2.1-8: Sidelink positioning - ranging distance accuracy (X=100m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #9, BW#20M, 6GHz, positioning method #RTT
	0.310
	0.520
	0.781
	1.309
	Yes
	No
If not, 66% of UEs satisfying the target positioning accuracy requirement

	Case #10, BW#40M, 6GHz, positioning method #RTT
	0.135
	0.243
	0.400
	0.680
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #11, BW#100M, 6GHz, positioning method #RTT
	0.047
	0.099
	0.166
	0.269
	Yes
	Yes



Table B.1.X.2.1-9: Sidelink positioning - ranging distance accuracy (X=150m) for highway scenarios for V2X use cases
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #12, BW#20M, 6GHz, positioning method #RTT
	0.284
	0.500
	0.783
	1.302
	Yes
	No
If not, 67% of UEs satisfying the target positioning accuracy requirement

	Case #13, BW#40M, 6GHz, positioning method #RTT
	0.136
	0.246
	0.409
	0.683
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #14, BW#100M, 6GHz, positioning method #RTT
	0.053
	0.098
	0.175
	0.292
	Yes
	Yes



Table B.1.X.2.1-10- B.1.X.2.1-13 provide ranging angle accuracy results using sidelink positioning for highway scenarios for V2X use cases.
 
TableB.1.X.2.1-10: Sidelink positioning - ranging angle accuracy (X=20m) for highway scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #4, BW#20M, 6GHz, positioning method #AoA
	2.18°
	3.61°
	5.46°
	8.66°
	Yes

	Case #5, BW#40M, 6GHz, positioning method #AoA
	1.06°
	1.71°
	2.00°
	3.20°
	Yes



TableB.1.X.2.1-11: Sidelink positioning - ranging angle accuracy (X=25m) for highway scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #6, BW#20M, 6GHz, positioning method #AoA
	7.60°
	13.65°
	15.60°
	17.90°
	No
80.0% of UEs satisfying the target positioning accuracy requirement

	Case #7, BW#40M, 6GHz, positioning method #AoA
	1.65°
	5.64°
	10.00°
	12.89°
	Yes

	Case #8, BW#100M, 6GHz, positioning method #AoA
	1.21°
	2.01°
	2.42°
	3.44°
	Yes



TableB.1.X.2.1-12: Sidelink positioning - ranging angle accuracy (X=100m) for highway scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #9, BW#20M, 6GHz, positioning method #AoA
	2.14°
	3.57°
	5.36°
	8.52°
	Yes

	Case #10, BW#40M, 6GHz, positioning method #AoA
	1.72°
	2.70°
	4.09°
	6.26°
	Yes

	Case #11, BW#100M, 6GHz, positioning method #AoA
	1.14°
	1.95°
	3.45°
	4.79°
	Yes



TableB.1.X.2.1-13: Sidelink positioning - ranging angle accuracy (X=150m) for highway scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #12, BW#20M, 6GHz, positioning method #AoA
	2.00°
	3.18°
	5.00°
	8.30°
	Yes

	Case #13, BW#40M, 6GHz, positioning method #AoA
	1.59°
	2.50°
	3.73°
	5.88°
	Yes

	Case #14, BW#100M, 6GHz, positioning method #AoA
	1.06°
	1.86°
	3.26°
	4.65°
	Yes



[bookmark: _Toc117437935]B.1.X.2.2	Positioning accuracy evaluation results for Sidelink Positioning for Urban Grid Scenarios for V2X

Table B.1.X.2.2-1 provides horizontal absolute positioning accuracy results using sidelink positioning for urban grid scenarios for V2X use cases.
 
Table B.1.X.2.2-1: Sidelink positioning - horizontal absolute accuracy for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #15, BW#20M, 6GHz, positioning method #TDOA
	2.387
	4.090
	6.608
	9.822
	No
38% of UEs satisfying the target positioning accuracy requirement
	No
11% of UEs satisfying the target positioning accuracy requirement

	Case #16, BW#40M, 6GHz, positioning method#TDOA, 6GHz
	0.930
	1.615
	3.074
	5.114
	No
65% of UEs satisfying the target positioning accuracy requirement
	No
30% of UEs satisfying the target positioning accuracy requirement

	Case #17, BW#100M, 6GHz, positioning method#TDOA
	0.290
	0.5134
	0.918
	1.559
	No
89.5% of UEs satisfying the target positioning accuracy requirement
	No
66% of UEs satisfying the target positioning accuracy requirement


  
Table B.1.X.2.2-2- B.1.X.2.2-3 provides horizontal relative positioning accuracy results using sidelink positioning for urban grid scenarios for V2X use cases.
 
Table B.1.X.2.2-2: Sidelink positioning - horizontal relative accuracy (X=10m) for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #18, BW#40M, 6GHz, positioning method #RTT+AoA
	0.597
	0.900
	1.497
	1.982
	No
81.8% of UEs satisfying the target positioning accuracy requirement
	No
40.4% of UEs satisfying the target positioning accuracy requirement

	Case #19, BW#100M, 6GHz, positioning method #RTT+AoA
	0.248
	0.410
	0.899
	1.321
	Yes
	No
73% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.2-3: Sidelink positioning - horizontal relative accuracy (X=25m) for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #20, BW#20M, 6GHz, positioning method #RTT+AoA
	1.620
	2.382
	3.351
	4.610
	No
46.5% of UEs satisfying the target positioning accuracy requirement
	No
11% of UEs satisfying the target positioning accuracy requirement

	Case #21, BW#40M, 6GHz, positioning method #RTT+AoA
	1.301
	1.999
	2.802
	4.070
	No
55.8% of UEs satisfying the target positioning accuracy requirement
	No
18.4% of UEs satisfying the target positioning accuracy requirement

	Case #22, BW#100M, 6GHz, positioning method #RTT+AoA
	1.148
	1.811
	2.659
	3.900
	No
59% of UEs satisfying the target positioning accuracy requirement
	No
23% of UEs satisfying the target positioning accuracy requirement



Table B.1.X.2.2-4- B.1.X.2.2-5 provides ranging distance accuracy results using sidelink positioning for urban grid scenarios for V2X use cases.
Table B.1.X.2.2-4: Sidelink positioning - ranging distance accuracy (X=10m) for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #18, BW#40M, 6GHz, positioning method #RTT
	0.120
	0.239
	0.395
	0.666
	Yes
	No
86% of UEs satisfying the target positioning accuracy requirement

	Case #19, BW#100M, 6GHz, positioning method #RTT
	0.089
	0.122
	0.150
	0.172
	Yes
	Yes



[bookmark: OLE_LINK155][bookmark: OLE_LINK156]Table B.1.X.2.2-5: Sidelink positioning - ranging distance accuracy (X=25m) for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #20, BW#20M, 6GHz, positioning method #RTT
	0.344
	0.567
	0.878
	1.354
	Yes
	No
63% of UEs satisfying the target positioning accuracy requirement

	Case #21, BW#40M, 6GHz, positioning method #RTT
	0.140
	0.243
	0.413
	0.650
	Yes
	No
85% of UEs satisfying the target positioning accuracy requirement

	Case #22, BW#100M, 6GHz, positioning method #RTT
	0.061
	0.094
	0.135
	0.241
	Yes
	Yes




Table B.1.X.2.2-6- B.1.X.2.2-7 provides ranging angle accuracy results using sidelink positioning for urban grid scenarios for V2X use cases.
Table B.1.X.2.2-6: Sidelink positioning - ranging angle accuracy (X=10m) for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #18, BW#40M, 6GHz, positioning method #AoA
	2.31°
	4.45°
	9.58°
	12.70°
	Yes

	Case #19, BW#100M, 6GHz, positioning method #AoA
	3.53°
	5.80°
	8.82°
	12.60°
	Yes



Table B.1.X.2.2-7: Sidelink positioning - ranging angle accuracy (X=25m) for urban grid scenarios for V2X use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #20, BW#20M, 6GHz, positioning method #AoA
	6.38°
	8.91°
	12.41°
	16.71°
	No
87.5% of UEs satisfying the target positioning accuracy requirement

	Case #21, BW#40M, 6GHz, positioning method #AoA
	5.65°
	8.01°
	10.83°
	14.95°
	Yes

	Case #22, BW#100M, 6GHz, positioning method #AoA
	5.32°
	7.69°
	10.5°
	14.36°
	Yes



[bookmark: _Toc117437936]B.1.X.2.3	Positioning accuracy evaluation results for Sidelink Positioning for IIoT

Table B.1.X.2.3-1 provides horizontal relative positioning accuracy results using sidelink positioning for IIoT use cases.

Table B.1.X.2.3-1: Sidelink positioning - horizontal relative accuracy (X=10m) for IIoT use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #23, BW#40M, 6GHz, positioning method #RTT+AoA
	0.400
	0.438
	0.556
	0.830
	Yes 
	No
41% of UEs satisfying the target positioning accuracy requirement

	Case #24, BW#100M, 6GHz, positioning method #RTT+AoA
	0.131
	0.152
	0.169
	0.255
	Yes 
	No
83% of UEs satisfying the target positioning accuracy requirement




Table B.1.X.2.3-2 provides ranging distance accuracy results using sidelink positioning for IIoT use cases.
 
Table B.1.X.2.3-2: Sidelink positioning - ranging distance accuracy (X=10m) for IIoT use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #23, BW#40M, 6GHz, positioning method #RTT
	0.256
	0.379
	0.440
	0.712
	Yes
	[bookmark: _GoBack]No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #24, BW#100M, 6GHz, positioning method #RTT
	0.100
	0.135
	0.156
	0.177
	Yes
	Yes




Table B.1.X.2.3-3 provides ranging distance accuracy results using sidelink positioning for IIoT use cases.
Table B.1.X.2.3-3: Sidelink positioning - ranging angle accuracy (X=10m) for IIoT use cases 
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the target requirement

	Case #23, BW#40M, 6GHz, positioning method #AoA
	1.62°
	2.13°
	2.74°
	5.12°
	Yes

	Case #24, BW#100M, 6GHz, positioning method #AoA
	0.41°
	0.70°
	1.15°
	1.73°
	Yes
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