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1. Introduction:

In RAN #94-e, the study item on expanded and improved NR positioning [1] is 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.  Based on various inputs following objectives for positioning over sidelink are agreed,

· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
· Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.

This contribution provides views on evaluation methodologies to be followed for study, performance parameters, and initial simulation results for sidelink-based positioning. 

2. Evaluation Methodology:
In our companion contribution [2], we have discussed in detail the use cases to be considered, scenarios for each use cases, KPIs and requirement limits for each KPI under each use cases. For the sidelink positioning study, V2X, public safety, and IIoT use cases are important to enable position-sensitive applications to be able to perform using 5G networks. TS 22.261, TS 22.186, TS22.280 and TS22.104 have provided the detailed positioning requirements for different use cases in verticals. Table 1 in [2] provides our view on the requirements for each use case. Both the relative and absolute positioning should be considered for all the use cases. 

TR 37.885 provides two scenarios for V2X for evaluation viz. Urban grid and Highway. For sidelink positioning evaluation, these two scenarios will be a good starting point and should be used for performance analysis. To address the higher accuracy location requirements resulting from new applications and industry verticals for 5G, Rel 17 considers industrial deployment scenarios (InF) from 38.901 For evaluating baseline performance, the two scenarios are defined for RAT-dependent positioning techniques are considered in Rel 17 viz. InF-SH for FR1 and FR2 and InF-DH for FR1 and FR2. Same cases can be considered for IIoT use case evaluation for sidelink-based positioning. Tables form 38.857 should be reused for this purpose. For public safety use cases, the indoor office scenario and urban micro scenario from TR 38.855 can be reused. TR 38.855 and TR 38.857 provide the evaluation table for each use case/scenario. The same strategy can be followed for this study item as well. 


Proposal 1: Rel 17 sidelink-based positioning evaluation should be performed for V2X, IIoT Public safety use cases for in coverage, partial coverage, and out of coverage scenarios.


Proposal 2: For Rel 17 sidelink evaluation, reuse the simulation parameters form 38.855 and 38.857 for public safety and IIoT use cases.


Proposal 3: For Rel 17 sidelink evaluation, use simulation parameters from table 5 for V2X use cases.














The following can be the possible tables for the V2X, public safety and IIoT scenarios.

Table 1: Common scenario parameters applicable for public safety and IIoT use cases
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz
	28GHz

	Bandwidth, MHz
	20MHz ,100MHz
	200MHz , 400MHz

	Subcarrier spacing, kHz
	30kHz
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline:
Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU
Optional:
4-panels UE:
- The antenna elements of the same polarization of the same panel is virtualized into one TXRU

	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide a description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	Ideal

	Note 1: 	According to TR 38.802
Note 2: 	According to TR 38.901




Table 2: Parameters for InF scenarios
	 
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH
	InF-SH, InF-DH

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m
InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
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	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Penetration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be 
- (baseline) at least the convex hull of the horizontal BS deployment.
- (optional) It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area. 

	UE antenna height
	Baseline: 1.5m
[bookmark: __Fieldmark__8320_2100845283](Optional): uniformly distributed within [0.5, X2]m, where X2 = 2m for scenario 1(InF-SH) and X2=[image: ][image: ] for scenario 2 (InF-DH)  

	UE mobility
	3km/h 

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
[bookmark: __Fieldmark__8332_2100845283](Optional): two fixed heights, either {4, 8} m, or {max(4,[image: ][image: ]), 8}.

	[bookmark: __Fieldmark__8338_2100845283][bookmark: __Fieldmark__8343_2100845283][bookmark: __Fieldmark__8348_2100845283]Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
- Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
- (Optional): {40%, 3m, 5m}
- (Optional): {60%, 6m, 2m}

	Note 1:	According to Table A.2.1-7 in TR 38.802




Table: 3 Indoor office scenario parameters
	
	FR1 Specific Values 
	FR2 Specific Values

	Layout 
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m - Note 1

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Channel model
	Indoor open office – Note 2

	Penetration loss
	0dB

	Number of floors
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	3m

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901













Table 4: Urban Micro (UMi) scenario parameters

	
	FR1 Specific Values
	FR2 Specific Values

	Layout 
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 200m, Note 1
Wrap-around is applied, Note 2

	Total gNB TX power, dBm 
	44dBm
	37dBm per panel
EIRP should not exceed 73dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, - Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, - Note 1

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1
Table 6.1.1-5
	Directional, 8dBi – Note 1
Table 6.1.1-5

	Channel model
	UMi Street Canyon – Note 3

	Penetration loss
	For outdoor UEs: 0dB

	Number of floors 
	All UEs are on the ground.

	UE drop procedure
	100% outdoor uniformly distributed over the horizontal area

	UE mobility (for modeling Doppler effects)
	Outdoor: 3km/h

	UE height, m 
	1.5m

	Min. gNB-UE distance (2D), m 
	10m

	gNB antenna height
	10 m by default. Companies can bring results with uniform distribution [5-20]m​

	Note 1:	According to 3GPP TR 38.802
Note 2:	In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3:	According to 3GPP TR 38.901





Table 5: CommonV2X scenario parameters for urban Grid and Highway

	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	6GHz
	30GHz

	Bandwidth, MHz
	20MHz, 100Mhz
	200MHz, 400MHz

	Subcarrier spacing, kHz
	15/30kHz  
	60/120kHz

	gNB model parameters 
	
	

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, - Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, - Note 1

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1
Table 6.1.1-5
	Directional, 8dBi – Note 1
Table 6.1.1-5

	Channel model
	38.901 UMa
	38.901 UMa

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna configuration
	(1, 1, 2, 1, 1) for each location Antenna model according to 37.885 
	(2, 4, 2, 1, 1) for each location
Antenna model according to 37.885

	UE antenna radiation pattern 
	According to 37.885 for V2X UE, RSU
According to 38.901 for Pedestrian UE
	According to 37.885 for V2X UE, RSU
According to 38.901 for Pedestrian UE

	UE drop
	Option A for Highway 
Option A for urban grid

	Option A for Highway 
Option A for urban grid

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide a description of applied algorithms for estimation of signal location parameters.

	Network/sidelink synchronization
	Ideal

	Layout 
	As per 37.885

	Note 1: 	According to TR 38.802
Note 2: 	According to TR 38.901




3. Initial Evaluation Results:
This section provides the initial evaluation results for V2X, public safety, and IIoT use cases considering the above simulation parameters. 
I. Initial results for V2X use cases:
Simulations are performed for two V2X deployment layouts viz. highway and urban grid. The aim of the simulation is to analyze the time-based method (time difference of arrival (TDOA)) accuracy performance for different bandwidths and frequency bands. Similarly, analysis is performed to determine the UE density requirement for effective UE grouping (i.e., finding assisting UEs) for sidelink-based positioning. Simulations are carried out using parameters as per table 5 for highway, and urban grid.  For highway layout, network coverage of UMa is assumed and the layout is drawn as per the 37.885 Annex A. Simulation is performed for carrier frequency 6 GHz and 30 GHz with 20 MHz and 100 MHz bandwidths for FR1 and 200 MHz and 400 MHz bandwidths for FR2. Figure 1 and Figure 2 show the CDF of positioning accuracy that can be achieved using Uu link and Uu link + side links (SL). For sidelink-based positioning, 10 adjacent UEs are chosen based on the distance to from assisting UE cluster which will co-operate to localize the target UEs. It is clearly evident that SL-based positioning will improve the positioning accuracy multi-fold for highway scenarios compared with Uu link positioning. It is also clear that the bandwidth used for positioning will have an impact on achievable accuracy.  Table 6 summarizes the accuracy achieved for 50 %, 80 % 90%, and 95% of the UEs for both methods.
Similar simulation is carried out for urban grid V2X layout with layout specified in 37.885 Annex A. Figure 3 and Figure 4 show the achieved accuracy in meters and Table 7 summarizes the achieved accuracies for 50 %, 80 % 90%, and 95% of the UEs for both methods.

Table 6: Highway scenario V2X positioning for FR1 and FR2 for different bandwidths.
[image: ]
	
	FR1
	20 MHz
	100 MHz

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

	Method
	Uu + SL based
	1.249
	4.479
	8.623
	11.19
	0.5519
	1.15
	2.03
	2.619

	
	Only Uu link-based
	35.96
	78.22
	>100
	>100
	35.83
	>100
	>100
	>100

	
	FR2
	200MHz
	400MHz

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

	Method
	Uu + SL based
	0.22
	0.54
	0.98
	1.36
	0.24
	0.59
	1.08
	1.58

	
	Only Uu link-based
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100


Figure 1: Positioning accuracy CDF for V2X Highway layout: Results show accuracy CDF for different bandwidths with only Uu link-based positioning and Uu link + SL-based co-operative positioning for FR1 using the TDOA method.  

[image: ]Figure 2: Positioning accuracy CDF for V2X Highway layout: Results show accuracy CDF for different bandwidths with Uu link-based positioning and Uu link + SL-based co-operative positioning for FR2 using TDOA method.  



	
	FR1
	20 MHz
	100 MHz

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

	Method
	Uu + SL based
	2.17
	5.8
	8.7
	13.01
	1.6
	4.8
	7.3
	12

	
	Only Uu link-based
	29.03
	71.00
	>100
	>100
	42.1
	>100
	>100
	>100

	
	FR2
	200MHz
	400MHz

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

	Method
	Uu + SL based
	0.87
	2.57
	4.31
	6.07
	0.85
	2.38
	3.72
	5.88

	
	Only Uu link-based
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100




Table 7: Urban grid scenario V2X positioning for FR1 and FR2 for different bandwidths


[image: ]

Figure 3: Positioning accuracy CDF for V2X Urban grid layout: Results show accuracy CDF for different bandwidths with Uu link-based positioning and Uu link + SL-based co-operative positioning for FR1 using the TDOA method. 
[image: ]


Figure 4: Positioning accuracy CDF for V2X urban grid layout: Results show accuracy CDF for different bandwidths with Uu link-based positioning and Uu link + SL-based co-operative positioning for FR2 using the TDOA method.  


Observation 1: Sidelink-based positioning increases the positioning accuracy substantially for highway and urban V2X scenarios. The initial simulation results show < 5m horizontal accuracy for 80 % of UEs can be achieved for highway and urban grid V2X scenario in FR1 and < 2.5m horizontal accuracy for 80 % of UEs can be achieved for highway and urban grid V2X scenario in FR2


Observation 2: Bandwidth used for simulation has an impact on sidelink positioning accuracy which need to be analysed and studied for each use case.

Observation 3: The initial simulation results show < 5m horizontal accuracy for 80 % of UEs can be achieved for highway and urban grid V2X scenario in FR1 and < 2.5m horizontal accuracy for 80 % of UEs can be achieved for highway and urban grid V2X scenario in FR2


Further, simulations are carried out with different UE drops in the highway layout to analyze the UE density impact on deciding a group of assisting UEs for positioning of target UEs. A Group of 10 UEs as assisting UEs for each target UE is decided based on the geometrical distance for diffident UEs density in the assumed coverage for highway drop including 50,100 and 200 per snapshot. It is observed that the density of UE plays an important role to get uniform results. We presented highway case as an exemplary case but we observed the same trend overall scenarios. Therefore, for simulation analysis of the sidelink-based positioning methods, it is necessary to fix the UE density for each scenario for uniform results across different simulation cases and a fair comparison of results across companies.

Observation 4: It is important to decide UE drop density per scenario to have uniform simulation results across different cases of the same scenario for a fair comparison of results. 

Proposal 4: For uniform results, fix the UE dropping density per scenario that should be specified in the simulation assumptions.
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Figure 5: UE density impact on positioning accuracy: It shows the UE density consideration to find associating UEs for sidelink positioning for target UEs. TDOA method is used for this analysis.  

II. Initial Results for IIoT use cases:

For IIoT scenario, InF-SH and InF-DH are considered as base scenarios. Simulations are carried out using parameters as per table 2. Simulation is performed assuming InF Uu link is NLOS which degrades the InF positioning compared to Rel 17 achievable accuracy. It is shown that the use of sidelink for such a case will improve the UE positioning dramatically. It is visible in figure 5 and figure 6. Table 8 summarizes the accuracy achieved for 50 %, 80 % 90%, and 95% of the UEs for the legacy Uu link-based method and Uu + Sidelink-based method.


[image: ]

[image: ]Figure 6: Positioning accuracy CDF for IIoT scenario with InF-SH terrain: Results show accuracy CDF for 100Mhz band with Uu link-based positioning and Uu link + SL-based co-operative positioning for FR1 (3.5 GHz band) using TDOA method.  


Figure 7: Positioning accuracy CDF for IIoT scenario with InF-DH terrain: Results show accuracy CDF for 200Mhz band with Uu link-based positioning and Uu link + SL-based co-operative positioning for FR2 (28 GHz band) using TDOA method. 


	
	
	100 MHz (FR1)
	200 MHz (FR2)

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

	Method
	Uu + SL based
	2.5
	13.7
	20
	23.9
	0.11
	0.76
	8.8
	16.03

	
	Only Uu link-based
	21.9
	32.4
	41
	45
	21.78
	33.12
	45.2
	60.19

	
	
	100MHz (FR1)
	200 MHz (FR2)

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

	Method
	Uu + SL based
	0.2
	9.3
	15.5
	16
	0.4
	15.3
	22
	33

	
	Only Uu link-based
	17.1
	27.8
	35.3
	39.2
	21.1
	33.12
	43
	>50



Table 8: InF scenario positioning for FR1 and FR2 for different bandwidths


Observation 5: For InF-SH and InF-DH scenario, for NLOS links, sidelink-based positioning increase accuracy substantially. 

Further, InF-SL and InF-DL scenarios also should be considered for sidelink-based positioning evaluation.
4. Conclusion:
The contribution draws the following observations and conclusions,

Observation 1: Sidelink-based positioning increases the positioning accuracy substantially for highway and urban V2X scenarios.

Observation 2: Bandwidth used for simulation has an impact on sidelink positioning accuracy which need to be analysed and studied for each use case.

Observation 3: The initial simulation results show < 5m horizontal accuracy for 80 % of UEs can be achieved for highway and urban grid V2X scenario in FR1 and < 2.5m horizontal accuracy for 80 % of UEs can be achieved for highway and urban grid V2X scenario in FR2

Observation 4: It is important to decide UE drop density per scenario to have uniform simulation results across different cases of the same scenario for a fair comparison of results. 

Observation 5: For InF-SH and InF-DH scenario, for NLOS links, sidelink-based positioning increase accuracy substantially. 


Proposal 1: Rel 17 sidelink-based positioning evaluation should be performed for V2X, IIoT Public safety use cases for in coverage, partial coverage, and out of coverage scenarios.

Proposal 2: For Rel 17 sidelink evaluation, the simulation parameters form 38.855 and 38.857 for public safety and IIoT use cases can be reused.

[bookmark: _Hlk101910203]Proposal 3: For Rel 17 sidelink evaluation, use simulation parameters from table 5 for V2X use cases.

Proposal 4: For uniform results, fix the UE dropping density per scenario that should be specified in the simulation assumptions.
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6. Annexure

The table below provided the additional simulation considerations used for the presented result in section 3.

	
	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
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