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1 Introduction
In RAN #94-e, the study item on expanded and improved NR positioning [1] was approved. This study will focus on further improvement in Rel 16 and 17 positioning techniques considering the requirements from different verticals viz. V2X, public safety (first responder), industrial IoT, etc. RAN 1 started its study towards this from RAN1#109-e onwards and derived some high-level agreements.
This contribution provides the evaluation results for V2X and IIoT use cases for absolute, relative, and ranging-based positioning in sidelink.

2 Evaluation for V2X scenarios
Follow are the agreements derived in RAN1 #109-e for evaluation assumptions for the V2X use case.

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
· 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 
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· 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. 
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 
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· 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


It is agreed that for the V2X use case highway and urban grid scenarios as per 37.885 should be considered. We present the results for highway and urban grid in a separate section in following subsections.

2.a  Evaluation of urban grid scenario in V2X use case:
Simulations are performed for urban grid deployment as per the evaluation parameters agreed upon in the last meeting. The aim of the simulation is to analyse the time-based method (e.g., TDOA) accuracy performance for different bandwidths and frequency bands. Simulations are carried out using parameters as per Table A.2. For the urban grid, baseline deployment is simulated i.e., with base stations disabled. Simulation is performed for carrier frequency 6 GHz for FR1 over 20 MHz and 100 MHz. Further simulations are performed over FR2 considering the band 30 GHz with 200 MHz and 400 MHz bandwidths. Positioning estimation is performed for absolute positioning considering assisting UE locations are known. Later the accuracy performance is analysed considering on LOS links. Further relative positioning is performed considering RSUs as references and then assisting UEs as the reference separately. For RSU as a reference node, the nearest RSU to the target UE is considered for relative positioning whereas for UE as a reference, assisting UE within a 150 m radius is selected as a reference node. 
Figures (1-2) show the CDF of positioning accuracy that can be achieved for absolute positioning for FR1 100MHz and FR2 400MHz for urban grid scenario. Positioning accuracy is estimated considering joint Uu+RSU+UE links, only UE links and only RSU links. Few links are selected using outlier detection and link selection algorithm from [5].  Further in Figure (3-6) absolute positioning accuracy is plotted under LOS link condition. Figures (7-8) show the CDF of positioning accuracy that can be achieved for relative positioning. Whereas Figures (9) show the CDF of positioning accuracy that can be achieved for distance-based ranging over sidelinks. For sidelink-based positioning 10 adjacent UEs are chosen based on the distance which will co-operate to localize the target UEs. 
From results, it is cleared that the bandwidth used for positioning will have an impact on achievable accuracy. Table (1-4) summarizes the accuracy achieved for 50 %, 67%, 80 % 90%, and 95% of the UEs for absolute, relative positioning and ranging. In FR2, results for accuracy performance degrades due to mm-wave pathloss and fix beam forming simulated in this study. This highlights the need for beam forming towards the Rx node is necessary for better accuracy performance. 
It can be observed from the results that, for absolute positioning, less than 1m horizontal accuracies can be achieved in the FR1 cases using the time-based positioning methods with joint positioning using Uu+RSU+V2X UE links. 
For relative positioning, less than 2 m horizontal accuracies can be achieved. For the distance-based ranging, an accuracy of 0.5-1 m is possible if the nodes are less than 150 m apart.


Observation 1: For V2X urban grid scenario absolute positioning, less than 1m horizontal accuracies can be achieved in the FR1 cases using the time-based positioning method for 90 % of UEs.

Observation 2: For V2X urban grid relative positioning, less than 2 m horizontal accuracies can be achieved with RSU and V2X sidelinks for 90 % of UEs.

Observation 3: For V2X urban grid distance-based ranging, an accuracy of 0.5-1 m is possible if the nodes are less than 150 m apart for 90 % of UEs.
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Figure 1: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 100 MHz.
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Figure 2: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR2 with 400 MHz.





	
	FR1
	100 MHz

	
	
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.82
	1.44
	2.26
	3.87
	6.07

	
	Only V2X UE
	1.31
	2.63
	3.85
	5.97
	7.91

	
	Only RSU
	0.82
	1.89
	3.43
	6.44
	7.46

	
	FR2
	400MHz

	
	
	50%
	67%
	80%
	90%
	95%

	Links used
	V2X UE + RSU
	0.94
	1.79
	4.15
	8.40
	

	
	Only V2X UE
	1.63
	3.44
	7.25
	17.95
	

	
	Only RSU
	4.90
	17.58
	>50
	>50
	


















Table 1: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario for the different bands and bandwidths.


[image: Chart

Description automatically generated with medium confidence]


















Figure 3: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 20 MHz considering only LOS links.
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Figure 4: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 100 MHz considering only LOS links.
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Figure 5: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 200 MHz considering only LOS links.
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Figure 6: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 400 MHz considering only LOS links.



	
	FR1
	20 MHz
	100 MHz

	
	
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.29
	0.48
	0.71
	1.09
	2.07
	0.14
	0.24
	0.36
	0.61
	1.01

	
	Only V2X UE
	0.95
	1.58
	3.37
	6.34
	7.50
	0.51
	0.41
	0.56
	0.74
	1.01

	
	Only RSU
	0.66
	1.36
	3.09
	7.74
	10.52
	0.14
	0.25
	0.40
	0.87
	1.47

	
	FR2
	200MHz
	400MHz

	
	
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.50
	1.21
	2.72
	10.64
	32.12
	0.53
	1.38
	6.61
	32.02
	>50

	
	Only V2X UE
	0.84
	2.25
	6.29
	19.47
	37
	3.02
	10.63
	31.91
	>50
	>50

	
	Only RSU
	5.34
	>50
	>50
	>50
	>50
	12.07
	40.21
	>50
	>50
	>50




Table 2: Provides the absolute positioning accuracy in the horizontal direction for the V2X urban grid scenario for the different bands and bandwidths over LOS links.
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Figure 7: Provides the relative positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links. The anchor nodes used here are V2X UEs from which position is estimated. 
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Figure 8: Provides the relative positioning accuracy in the horizontal direction for the V2X urban grid scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links. The anchor nodes used here are RSUs from which position is estimated.



	
	FR1
	100 MHz  (Relative to V2X UE)
	100 MHz (Relative to RSU)

	
	
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.19
	0.39
	0.69
	1.82
	2.09
	0.22
	0.35
	0.69
	1.97
	2.07

	
	Only V2X UE
	0.39
	0.70
	1.18
	2.70
	2.71
	-
	-
	-
	-
	-

	
	Only RSU
	-
	-
	-
	-
	-
	0.22
	0.29
	0.51
	1.57
	2.97


Table 3: Provides the relative positioning accuracy in the horizontal direction for the V2X urban grid scenario for the different bands and bandwidths over LOS links.
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Figure 9: Provides the distance-based ranging accuracy for the V2X urban grid scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links. 

	
	FR1
	100 MHz 

	
	
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.15
	0.23
	0.43
	0.65
	0.88

	
	Only V2X UE
	0.28
	0.39
	0.59
	0.96
	1.30

	
	Only RSU
	0.09
	0.16
	0.25
	0.71
	1.58












Table 4: Provides the distance-based ranging accuracy in the horizontal direction for the V2X urban grid scenario for FR1 over LOS links only.


2.b  Evaluation of Highway scenario in V2X use case:
Simulations are performed for highway deployment as per the evaluation parameters agreed upon in the last meeting (RAN1 #109-e). The aim of the simulations is to analyse the time-based method (e.g., TDOA) accuracy performance for different bandwidths and frequency bands. Simulations are carried out using parameters as per Table A.3 for the highway scenario.  For highway layout, baseline deployment is simulated i.e., with base stations disabled. Simulation is performed for carrier frequency 6 GHz for FR1 over 20MHz and 100 MHz. Further simulations are performed over FR2 considering the band 30 GHz with 200 MHz and 400 MHz bandwidths. Positioning estimation is performed for absolute positioning considering assisting UE locations are known.
Further relative positioning is performed considering RSUs as references node and Anchor/assisting UEs as the reference node separately. For RSU as a reference node, the nearest RSU to the target UE is considered for relative positioning whereas for UE as a reference, assisting UE within 150 m radius is selected as a reference node. 
For ranging UE, 10 assisting UEs were selected within a 150 m radius, and ranging was performed considering them.  Whereas for RSU cases 3 or 4 nearest RSU are considered for ranging per target UE. 
Figures (10-13) show the CDF of absolute positioning accuracy that can be achieved over sidelink. They include positioning accuracy estimated considering joint RSU links & V2X UE links and only V2X UE links under LOS conditions. The best 6 links are selected using outlier detection and selection algorithm provided in [5]. Position estimate is performed by least square method. 
Figures (14-15) show the CDF of relative positioning accuracy that can be achieved over sidelink. Link selection is performed the same as in case of absolute positioning. 
Whereas Figures (16) show the CDF for distance-based ranging accuracy that can be achieved over sidelink. RSU and V2X UE links are used for accuracy estimation and best 6 links are selected as per outlier detection and link selection procedure in [5]. In all simulations, 10 adjacent UEs are chosen based on the distance which will co-operate to localize the target UEs over the PC5 link. From the results, it is clear that the bandwidth used for positioning will have an impact on achievable accuracy. Table [5-7] summarizes the accuracy achieved for 50 %, 67%, 80 % 90%, and 95% of the UEs for absolute positioning, relative positioning, and distance-based ranging.
It can be observed from the results that, for absolute positioning, less than 1m horizontal accuracies can be achieved in the FR1 and FR2 cases using the time-based positioning methods. For relative positioning less than 1 m horizontal accuracies can be achieved as well. For the distance-based ranging, an accuracy of 0.5 m is possible if the nodes are less than 150 m apart at least for FR1. For FR2 lesser radius should be considered due to path loss. 


Observation 4: For V2X highway scenario absolute positioning, less than 1m horizontal accuracies can be achieved in the FR1 and FR2 cases using time-based positioning method for 90 % of UEs.

Observation 5: For V2X highway scenario relative positioning less than 1 m horizontal accuracies can be achieved with RSU and V2X sidelinks for 90 % of UEs.

Observation 6: For V2X highway scenario distance-based ranging, an accuracy of 0.5 m is possible if the nodes are less than 150 m apart for 90 % of UEs.

Proposal 1: For selection of assisting UE 150 m radius should be defined at least for FR1 for evaluation purposes for both highway and urban grid.

[image: Chart, line chart

Description automatically generated]
             
Figure 10: Provides the absolute positioning accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR1 with 20 MHz with considering LOS links.
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Figure 11: Provides the absolute positioning accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links.
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Figure 12: Provides the absolute positioning accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR2 with 200 MHz with considering LOS links.
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Figure 13: Provides the absolute positioning accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR2 with 400 MHz with considering LOS links.



	
	FR1
	20 MHz
	100 MHz

	
	
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.13
	0.24
	0.38
	0.73
	0.93
	0.19
	0.37
	0.75
	1.07
	1.64

	
	Only V2X UE
	1.14
	2.21
	3.75
	7.46
	10.03
	0.40
	0.65
	1.00
	1.49
	2.11

	
	
	
	
	
	
	
	
	
	
	
	

	
	FR2
	200MHz
	400MHz

	
	
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU
	0.12
	0.23
	0.39
	0.79
	2.17
	0.06
	0.10
	0.19
	0.55
	1.00

	
	Only V2X UE
	2.00
	5.01
	15.7
	43.06
	86.89
	0.40
	1.84
	19.25
	52.29
	>60

	
	
	
	
	
	
	
	
	
	
	
	




Table 5: Provides the absolute positioning accuracy in the horizontal direction for the V2X Highway scenario for the different bands and bandwidths.
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Figure 14: Provides the relative positioning accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links. The anchor nodes used here are V2X UEs. Error showed here is over only V2X UE link-based positioning.
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Figure 15: Provides the relative positioning accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links. The anchor nodes used here are RSUs. The error showed here is over only RSU link-based positioning.



	
	FR1
	100 MHz (Relative to V2X UE)
	100 MHz (Relative to RSU)

	
	
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	Only V2X UE/RSU
	0.22
	0.43
	0.59
	1.01
	1.92
	0.91
	1.85
	3.02
	4.18
	7.96



Table 6: Provides the relative positioning accuracy in the horizontal direction for the V2X Highway scenario.
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Figure 16: Provides the distance based ranging accuracy in the horizontal direction for the V2X Highway scenario. Simulation is performed for FR1 with 100 MHz with considering LOS links. 


	
	FR1
	100 MHz 

	
	
	50%
	67%
	80%
	90%
	95%

	Links Used
	V2X UE + RSU links
	0.03
	0.03
	0.06
	0.08
	0.11







Table 7: Provides distance-based ranging accuracy for the V2X Highway scenario.




2.c Evaluation for IIoT scenarios
Following are the agreement derived in the last meeting related to evaluation parameters for IIoT usecase.

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
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Description automatically generated]For the IIoT scenario, InF-SH and InF-DH are considered as base scenarios. Simulations are carried out using parameters as per Table A.4. Simulations are performed assuming InF Uu link configurations as per 38.857. LOS probability is considered as per 38.901. Simulations are performed over FR1 considering 100MHz bandwidth and over FR2 considering 400MHZ bandwidth. The Channel model used is D2D channel mode from 36.843 A.2.1.2 (option 2 from the agreement). It is shown from Figure (17-20) that the use of sidelink for such a case will improve the UE positioning dramatically. Combining the measurements from sidelink and Uu provides a greater improvement. Table 8 summarizes the horizontal accuracy achieved for 50 %, 67%, 80 %, 90%, and 95% of the UEs for the legacy Uu link-based method, sidelink based and Uu + Sidelink-based method.  It clearly indicates that it is possible to achieve 0.5m accuracy in InF-SH case whereas 1.5-2 m accuracy can be achieved in case of InF-DH. Another factor affects the performance is the assisting UE selection with LOS link. This is a critical observation in this simulation study.
Figure 17: Provides the absolute positioning accuracy in the IIoT scenario. Simulation is performed for FR1 with 100 MHz with considering sidelink with LOS links. 
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Figure 18: Provides the absolute positioning accuracy in the InF-SH IIoT scenario. Simulation is performed for FR2 with 400 MHz with considering sidelink with LOS links.
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Figure 19: Provides the absolute positioning accuracy in the InF-DH IIoT scenario. Simulation is performed for FR1 with 100 MHz with considering sidelink with LOS links.
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Figure 20: Provides the absolute positioning accuracy in the InF-DH IIoT scenario. Simulation is performed for FR2 with 400 MHz with considering sidelink with LOS links.



	
	
	100 MHz (FR1)
	200 MHz (FR2)

	
	InF-SH
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	Uu + SL based
	0.03
	0.06
	0.11
	0.205
	0.4
	0.003
	0.0064
	0.02
	0.05
	0.12

	
	Only Uu link-based
	0.16
	0.25
	0.51
	1.25
	2.4
	0.19
	0.33
	0.62
	1.53
	3.25

	
	Only Sidelink
	0.24
	0.43
	0.86
	1.68
	2.9
	0.09
	0.22
	0.53
	1.5
	3.25

	
	
	100MHz (FR1)
	200 MHz (FR2)

	
	InF-DH
	50%
	67%
	80%
	90%
	95%
	50%
	67%
	80%
	90%
	95%

	Links Used
	Uu + SL based
	0.25
	0.75
	1.3
	2.7
	4.2
	0.067
	0.18
	0.58
	3.62
	3.08

	
	Only Uu link-based
	19.8
	25.13
	31.85
	44.03
	>50
	22.3
	27.6
	34.7
	45.7
	>50

	
	Only Sidelink
	0.30
	0.69
	3.9
	9.6
	14.1
	0.067
	0.18
	0.58
	1.29
	11.5




Table 8: Provides the positioning accuracies for IIOT usecase under InF-SH and DH scenarios.  


Observation 7: For IIoT InF-SH case, 0.5 m horizontal accuracy for 90 % of UEs can be achieved in FR1 and FR2 for timing based methods.

Observation 8: For IIoT InF-DH case, 1.5-3 m horizontal accuracy for 90 % UEs can be an be achieved in FR1 and FR2 for timing-based methods.

Proposal 2: For IIoT InF-DH case, joint Uu+sidelink based positioning method should be defined to achieve the desired accuracy of 1m (set A) and 0.2m (set B)
3 Conclusions:
The contribution draws the following conclusions,

Observation 1: For V2X urban grid scenario absolute positioning, less than 1m horizontal accuracies can be achieved in the FR1 cases using the time-based positioning method for 90 % of UEs.

Observation 2: For V2X urban grid relative positioning less than 2 m horizontal accuracies can be achieved with RSU and V2X sidelinks for 90 % of UEs.

Observation 3: For V2X urban grid distance-based ranging, an accuracy of 0.5-1 m is possible if the nodes are less than 150 m apart for 90 % of UEs.

Observation 4: For V2X highway scenario absolute positioning, less than 1m horizontal accuracies can be achieved in the FR1 and FR2 cases using time-based positioning method for 90 % of UEs.

Observation 5: For V2X highway scenario relative positioning less than 1 m horizontal accuracies can be achieved with RSU and V2X sidelinks for 90 % of UEs.

Observation 6: For V2X highway scenario distance-based ranging, an accuracy of 0.5 m is possible if the nodes are less than 150 m apart for 90 % of UEs.

Observation 7: For IIoT InF-SH case, 0.5 m horizontal accuracy for 90 % of UEs can be achieved in FR1 and FR2 for timing based methods.

Observation 8: For IIoT InF-DH case, 1.5-3 m horizontal accuracy for 90 % UEs can be an be achieved in FR1 and FR2 for timing-based methods.


Proposal 1: For the selection of assisting UE, 150 m radius should be defined at least for FR1 for evaluation purposes in V2X usecase for both highway and urban grid.

Proposal 2: For IIoT InF-DH case, joint Uu+sidelink based positioning method should be defined to achieve the desired accuracy of 1m (set A) and 0.2m (set B)
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A. Annexure:

	
	FR1
	FR2

	UE grouping (Assisting UEs)
	10
	10

	UE Grouping method
	Geographical distance-based
	Geographical distance-based

	Positioning Method
	TDOA
	TDOA

	Outlier detection 
	The method proposed in reference [5]
	The method proposed in reference [5]

	Method of signal location parameters
	ESPIRIT
	ESPIRIT


Table A.1: Common simulation parameters

	V2X Urban grid
	FR1
	FR2

	Layout
	As per 37.885 Annex A
	As per 37.885 Annex A

	carrier Frequency
	4GHz for Uu and 6 GHz for SL
	30GHz for both

	Sub carrier spacing
	15 KHz and 30 KHz
	60 KHz and 120 KHz

	Uu link terrain
	UMa
	UMa

	Sidelink Terrain
	Urban as per 37.885
	Urban as per 37.885

	Sidelink UE Drop Method
	Option A
	Option A

	gNB Power
	49dBm
	49dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 16, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (4, 16, 1, 1, 1), dH=dV=0.5λ

	V2X UE power
	23 dBm
	23dBm

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 1, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (2, 1, 1, 1, 1), dH=dV=0.5λ

	RSU power 
	24dBm
	24dBm

	RSU antenna configuration
	(M, N, P, Mg, Ng) = (1, 2, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (1, 2, 1, 1, 1), dH=dV=0.5λ

	Clock synchronization
	Ideal
	Ideal

	Channel model
	As per 38.901 for Uu
As per 37.885 for SL
	As per 38.901 for Uu
As per 37.885 for SL


Table A.2: V2X Urban grid simulation parameters


	V2X Highway
	FR1
	FR2

	Layout
	As per 37.885 Annex A
	As per 37.885 Annex A

	carrier Frequency
	4GHz for Uu and 6 GHz for SL
	30GHz for both

	Sub carrier spacing
	15 KHz and 30 KHz
	60 KHz and 120 KHz

	Uu link terrain
	UMa
	UMa

	Sidelink Terrain
	Urban as per 37.885
	Urban as per 37.885

	Sidelink UE Drop Method
	Option A
	Option A

	gNB Power
	49dBm
	49dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 16, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (4, 16, 1, 1, 1), dH=dV=0.5λ

	V2X UE power
	23 dBm
	23dBm

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 1, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (2, 1, 1, 1, 1), dH=dV=0.5λ

	RSU power 
	24dBm
	24dBm

	RSU antenna configuration
	(M, N, P, Mg, Ng) = (1, 2, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (1, 2, 1, 1, 1), dH=dV=0.5λ

	Clock synchronization
	Ideal
	Ideal

	Channel model
	As per 38.901 for Uu
As per 37.885 for SL
	As per 38.901 for Uu
As per 37.885 for SL


Table A.3: V2X urban grid simulation parameters

	
	FR1
	FR2

	Layout
	As per 38.857 Table 6.1.1
	As per 38.857 Table 6.1.1

	carrier Frequency
	3.5 GHz 
	28GHz

	Sub carrier spacing
	30 KHz
	120 KHz

	Uu link terrain
	InF-SH and InF-DH as per 38.901
	InF-SH and InF-DH as per 38.901

	Sidelink Terrain
	As per 36.843 A.2.1.2
	As per 36.843 A.2.1.2

	Sidelink UE Drop Method
	Uniform Random Drop
	Uniform Random drop

	gNB Power
	24dBm
	24dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 1, 1, 1), dH=dV=0.5λ
1-sector
	(M, N, P, Mg, Ng) = (4, 8, 1, 1, 1), dH=dV=0.5λ
3 sector

	V2X UE power
	23 dBm
	23 dBm

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2,4, 1, 1, 1), dH=dV=0.5λ
	(M, N, P, Mg, Ng) = (2, 4, 1, 1, 1), dH=dV=0.5λ

	Clock synchronization
	Ideal
	Ideal

	Channel model
	As per 38.901

	As per 38.901



Table A.4: IIoT InF-SH and InF-DH simulation parameters
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