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1 Introduction
In RAN#94e meeting, the study item on Rel-18 NR positioning was approved [1], where one of the potential enhancements is for sidelink positioning. As shown in the SID, some bullets for sidelink positioning are to define evaluation methodology and evaluate performance.
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.


In this contribution, we provide our views on the evaluation methodology and scenarios to evaluate SL positioning solutions. In addition, SL positioning simulation results are also presented.
2 Discussion
In SL positioning, three network coverage scenarios are considered as shown in Figure 1, these are in-coverage, partial coverage and out-of-coverage. 
[image: ]
Figure 1. Coverage scenarios for sidelink positioning
In-coverage refers to the case where all the UEs are inside the network. Partial coverage means that some UEs are inside the network and the others are outside the network. Out-of-coverage refers to the case where all the UEs are outside the network. When UEs are in-coverage or partial coverage, absolute positioning can be obtained. BSs and anchor UEs (e.g. RSU) know their own location information in in-coverage case, then the absolute location information of target UEs can be estimated by using BSs and anchor UEs. Also, relative positioning can be obtained in in-coverage or partial coverage, where the relative location information between target UEs and anchor UEs can be estimated. When UEs are out-of-coverage, anchor UEs don’t know their location information, and then target UEs cannot obtain their own absolute location information. Thus, relative positioning is required in out-of-coverage case. Since the simulation implementation of partial coverage is similar to that of in-coverage and out-of-coverage, we prefer to mainly consider the coverage case of in-coverage and out-of-coverage for SL positioning simulation.
Proposal 1: Only in-coverage and out-of-coverage scenarios are considered for SL positioning simulation purpose where both absolute positioning and relative positioning can be considered for in-coverage case, while only relative positioning is considered for out-of-coverage case.
Positioning techniques based on time difference and angle are supported for R16/17 NR positioning. However, massive antennas are required for high positioning accuracy by angle based positioning methods, which is expensive cost for SL devices. Therefore, we mainly consider to reuse the positioning techniques based on time difference for absolute positioning in in-coverage case, such as TDOA and multi-RTT. For relative positioning between two UEs in out-of-coverage, to obtain the accuracy relative location information of target UEs, we suggest to adopt RTT and AOA positioning methods for simplicity. That’s because TDOA may not be workable for UE-to-UE relative positioning, and AOD may be more suitable for FR2 in which sidelink may not work well for beam management based on the existing specification. 
Proposal 2: For absolute positioning, TDOA or RTT are supported. For relative positioning, RTT and AOA are supported.
Based on agreements, Rel-16/17 sidelink mainly focused on FR1, and it may not work well in FR2 due to lack of basic FR2 functionalities, e.g. beam management. In our view, the same beam management mechanism should be used for both regular SL operation and SL positioning in FR2. So, to avoid overlapping discussion between Rel-18 SL and positioning group, we suggest to discuss SL positioning in FR2 after completing specifying regular SL communication. Therefore, for SL positioning, we suggest focusing on SL positioning evaluation in FR1 only.
Proposal 3: SL positioning evaluation work should focus on FR1.
For evaluation scenarios, we think at least V2X and IIOT use cases should be considered, the detailed rationale can be found in our companion contribution [6]. For V2X, the typical simulation scenarios contain highway and urban scenarios as described in TR 37.885 [2], where the most simulation assumption, parameters and methodologies can be reused for SL positioning. For IIOT use case, we suggest to reuse Rel-17 positioning scenarios, i.e., indoor factory. To mitigate simulation workload, we suggest focusing on one of InF scenarios, e.g., InF-SH.
-  Scenario 1: highway scenario
-  Scenario 2: urban scenario
-  Scenario 3: InF scenario, e.g., InF-SH
Proposal 4: For evaluation of SL positioning, three scenarios are suggested, including highway, urban and indoor factory.
2.1 Evaluation Scenarios and Assumptions
In this subsection, we present the evaluation scenarios and assumptions for the three following scenarios, e.g., highway, urban and indoor factory.
2.1.1 Scenario 1— Highway
Highway scenario for sidelink has been specified in TR 37.885 [2]. Most parameters and procedures in TR 37.885 [2], e.g., layout of highway, RSU location, UE type, UE drop procedure, SL channel model and channel model between BS and UE can be reused for SL positioning simulation. Here is our suggestion: 
· Layout of highway: According to TR 37.885 [2], there are two directions and three lanes in each direction. The lane width is 4m and highway length is not less than 2000m.
· RSU location: According to TR 37.885 [2], for absolute positioning in in-coverage case, RSU are uniformly allocated with 100m spacing in the middle of highway.
· UE type: There are three types defined for UE in TR 37.885 [2]. We use Type 2 with length 5m, width 2m, height 1.6m, antenna height 1.6m, speed 140km/h.
· UE drop procedure: According to TR 37.885 [2], the distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}. All the vehicles in the same lane have the same speed. And Option A is used in SL positioning simulation.
· SL channel model: For absolute positioning, the channel model between RSU and UE is UE2UE described in TR 37.885 [2]. For relative positioning, the channel model between two UEs (i.e. anchor UE and target UE) is UE2UE described in TR 37.885 [2].
· Channel model between BS and UE: According to section 6.2.1 of TR 37.885 [2], RMa described in TR 38.901 [3] is suggested for absolute positioning in in-coverage case, where LOS propagation type is used for V2B links in the high way scenarios. That’s because the coverage of highway scenario is large for supporting high speed vehicles, whose key characteristics is similar to that of rural scenario.
However, to achieve absolute positioning based on the combination of SL positioning measurements and Uu based measurements, there are something new need to be discussed, like BS location, anchors selection, bandwidth, antenna models and performance metrics. 
· BS location: For absolute positioning in in-coverage case, considering to improve positioning accuracy for SL positioning, we suggest to modify Option 1 which is described in section A.1.3 TR 36.885 [8] to make that BS are deployed on both side of the road where inter-site distance is 500m as shown in Table 1 below. Alternatively, Option 2 described in section A.1.3 TR 36.885 [8] can also be considered, i.e. wrap around method of 19*3 hexagonal cells with 500m ISD. However, in our view, it is not preferable to completely reuse Option 1 described in section A.1.3 TR 36.885, that’s because TRPs are located only at single side of the highway which cannot provide high accuracy positioning. 
· Anchors selection: 
· For absolute positioning, all BSs and RSUs can be used as anchors or TRPs. 
· For relative positioning between two UEs (an anchor UE and a target UE), a relative distance threshold should be set, which is defined as required positioning distance between two UEs. That is, relative positioning is only performed between two UEs of which distance is less than the threshold. In highway scenario, we think the relative distance threshold should be no less than 100m for safety.
· Bandwidth: 20MHz, 40MHz and 100MHz are used for evaluation of SL positioning, where 20MHz and 40MHz are typically used for ITS band, and 100MHz are typically used for licensed band in FR1. 
· Antenna models: Parameters listed in section 6.1.4 of TR 37.885 [2] can be reused. We suggest to make Option 1 (single panel) as the baseline and Option 2 (two panels) as optional for antenna element pattern and antenna array configuration for vehicle UE. 
· Performance metrics: On top of Rel-17 performance metrics, we suggest to at least further include 95% of UEs positioning accuracy.  
Proposal 5: The parameters listed in Table 1 are supported for evaluating SL positioning in highway scenario.
Table 1. Parameters in highway for evaluation of SL positioning
	
	Absolute positioning
	Relative positioning

	Layout
	Layout of highway
	According to TR 37.885, 3 lanes in each direction (6 lanes in total), lane width 4m, highway length is not less than 2000m

	
	RSU location
	According to TR 37.885, uniformly allocated with 100m spacing in the middle of highway
	RSUs are disabled

	
	BS location
	Allocated on both side of the road, inter-site distance is 500m
	BSs are disabled

	
	Illustration of layout
	[image: ]

	UE drop
	According to TR 37.885, Type 2 UEs and Option A dropping are used.

	Anchors selection
	All BSs and RSUs can be used
	Relative positioning is performed for two Ues within 100m 

	SL channel model
	UE2UE described in TR 37.885

	Channel model between BS and UE
	Rma described in TR 37.885, LOS propagation type is used for V2B links
	No model

	Bandwidth
	20MHz, 40MHz and 100MHz

	Antenna model
	According to TR 37.885, Option 1 (single panel) as the baseline and Option 2 (two panels) as optional

	Performance metrics
	Percentiles of positioning error:  50%, 67%, 80%, 90% and 95%


2.1.2 Scenario 2— Urban
Urban scenario for sidelink has been specified in TR 37.885 [2]. The parameters in TR 37.885 [2], e.g., layout of road, UE type and UE drop procedure, can be reused for SL positioning simulation. Due to the large pathloss and very low LOS probability, the absolute positioning accuracy may not be good enough in the urban scenario. Therefore, we suggest to evaluate SL positioning in relative positioning case only in urban scenario. Parameters in urban scenario for evaluating SL relative positioning are listed in the following. 
· Layout of road in urban scenario: According to TR 37.885 [2], there are two directions in each street and two lanes in each direction. The lane width is 3.5m and road grid size by the distance between intersections is 433m*250m.
· UE type: There are three types defined for UE in TR 37.885 [2]. We use Type 2 with length 5m, width 2m, height 1.6m, antenna height 1.6m, speed 60km/h.
· UE drop procedure: According to TR 37.885 [2], all the vehicles in the same lane have the same speed. And Option A is used.
· Anchors selection: For relative positioning between two UEs (an anchor UE and a target UE), a relative distance threshold should be set, which is defined as required positioning distance between two UEs. That is, relative positioning is only performed between two UEs of which distance is less than the threshold. In Urban scenario, we think the relative distance threshold can be 100m.
· SL channel model: For relative positioning, the channel model between anchor UE and target UE is UE2UE described in TR 37.885 [2].
· Bandwidth: 20MHz, 40MHz and 100MHz are used for evaluation of SL positioning.
· Antenna models: Parameters listed in section 6.1.4 of TR 37.885 [2] can be reused. We suggest to make Option 1 (single panel) as the baseline and Option 2 (two panels) as optional for antenna element pattern and antenna array configuration for vehicle UE. 
· Performance metrics: On top of Rel-17 performance metrics, we suggest to at least further include 95% of UEs positioning accuracy
Proposal 6: In urban scenario, SL positioning simulation should be focused on relative positioning case. The parameters listed in Table 2 are supported for evaluating SL relative positioning in urban scenario.
Table 2. Parameters in urban for evaluation of SL positioning
	
	Relative positioning

	Layout
	Layout of urban
	According to TR 37.885, 2 lanes in each direction (4 lanes in total), lane width 3.5m, road grid size by the distance between intersection 433m*250m

	
	Illustration of layout
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	UE drop
	According to TR 37.885, Type 2 UEs and Option A dropping are used.

	Anchors selection
	UEs within 100m of target UE, i.e. relative positioning is only performed between two UEs within 100m

	SL channel model
	UE2UE described in TR 37.885

	Bandwidth
	20MHz, 40MHz and 100MHz

	Antenna model
	According to TR 37.885, Option 1 (single panel) as the baseline and Option 2 (two panels) as optional

	Performance metrics
	Percentiles of positioning error:  50%, 67%, 80%, 90% and 95%


2.1.3 Scenario 3— InF-SH
Indoor factory for Rel-17 positioning has been specified in TR 38.857 [4]. The parameters in TR 38.857 [4], e.g., layout of hall, BS location, UE type, UE drop procedure, and antenna model, can be reused for SL positioning simulation. For achieving absolute positioning based on the combination results of SL positioning measurements and Uu based measurements, there are some parameters need to be newly defined, like anchors selection, SL channel model, bandwidth, and performance metrics. As a typical scenario of InF, InF-SH are suggested. Parameters in InF scenario for evaluating SL positioning are listed in the following. 
· Layout of hall: According to TR 38.857 [4], the hall size is set to be 300m*150m, and room height is 10m.
· BS location: According to TR 38.857 [4], for absolute positioning in in-coverage case, 18 BSs are set on a square lattice with spacing 50m, located 25m from the wall.
· UE type: According to TR 38.857 [4], antenna height 1.5m, speed 3km/h.
· UE drop procedure: According to TR 38.857 [4], uniformly distributed at the convex hull of the horizontal BS deployment.
· Antenna model: Based on TR 38.857 [4].
· Anchors selection: 
· For absolute positioning, all BSs and 20 anchor UEs randomly selected are regarded as anchors or TRPs. 
· For relative positioning between two UEs (an anchor UE and a target UE), a relative distance threshold should be set, which is defined as required positioning distance between two UEs. That is, relative positioning is only performed between two UEs of which distance is less than the threshold. In indoor factory, we think the relative distance threshold can be 10m.
· SL channel model: InF-SH described in TR 38.901 [3] are used for both absolute positioning and relative positioning. Since there is no channel model defined for sidelink in InF scenario, we consider to modify InF-SH channel model for sidelink. That is to replace BS with the anchor UE in the channel model of BS2UE, where anchor UE height, transmit power are used to replace gNB’s height and transmit power. It is noted that the similar simulation assumption was used before in Rel-16 NRU discussion [7]. 
[image: ]
Figure 2. Suggested SL channel model for indoor factory
· Channel model between BS and UE: InF-SH described in TR 38.901 [3] is adopted for absolute positioning.
· Bandwidth: 20MHz, 40MHz and 100MHz are used for evaluation of SL positioning.
· Performance metrics: On top of Rel-17 performance metrics, we suggest to at least further include 95% of UEs positioning accuracy.
Proposal 7: The parameters listed in Table 3 are supported for evaluating SL positioning in InF-SH scenario.
Table 3. Parameters in InF-SH for evaluation of SL positioning
	
	Absolute positioning
	Relative positioning

	Layout
	Layout of hall
	According to TR 38.857, hall size 300m*150m, room height 10m,

	
	BS location
	According to TR 38.857, 18 BSs are set on a square lattice with spacing 50m, located 25m from the wall.
	BSs are disabled

	
	Illustration of layout
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	UE drop
	According to TR 38.857, antenna height 1.5m, speed 3km/h, uniformly distributed at the convex hull of the horizontal BS deployment

	Anchors selection
	All BSs and 20 anchor UEs randomly selected are used to locate target UE
	Relative positioning is performed for two UEs within 10m 

	SL channel model
	Modify InF-SH described in TR 38.901, i.e. replace BS with the anchor UE in the channel model of BS-2-UE, where anchor UE height, transmit power are used to replace gNB’s. 

	Channel model between BS and UE
	InF-SH described in TR 38.901
	No model 

	Bandwidth
	20MHz, 40MHz and 100MHz

	Antenna model
	According to TR 38.857

	Performance metrics
	Percentiles of positioning error:  50%, 67%, 80%, 90% and 95%


2.2 Evaluation Results
In this subsection, we provide the simulation results for SL positioning in the following three scenarios: highway, urban and InF, including both absolute positioning and relative positioning.
2.2.1 Scenario 1—Highway
Table 4 to Table 5 give the evaluation parameters for absolute positioning in highway scenario. Figure 3 and Table 6 show the CDF errors of simulation results for absolute positioning in highway scenario. Table 7 gives the evaluation parameters for relative positioning in highway scenario. Figure 4 and Table 8 show the CDF errors of simulation results for relative positioning in highway scenario.
Table 4. Evaluation parameters for absolute positioning in highway scenario
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8
	Case 9

	Anchor nodes
	BSs and RSUs
	Only BSs
	Only RSUs
	BSs and RSUs
	Only BSs
	Only RSUs
	BSs and RSUs
	Only BSs
	Only RSUs

	Carrier frequency
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	100MHz
	100MHz
	40MHz
	40MHz
	40MHz
	20MHz
	20MHz
	20MHz

	Number of BSs
	8
	8
	0
	8
	8
	0
	8
	8
	0

	Number of RSUs
	20
	0
	20
	20
	0
	20
	20
	0
	20

	Number of UEs
	40
	40
	40
	40
	40
	40
	40
	40
	40

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm

	Additional notes, if any
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel

	Positioning mode
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning


Table 5. Evaluation parameters for absolute positioning in highway scenario
	Parameters
	Case 10
	Case 11
	Case 12

	Anchor nodes
	BSs and RSUs
	Only BSs
	Only RSUs

	Carrier frequency
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	40MHz
	40MHz
	40MHz

	Number of BSs
	8
	8
	0

	Number of RSUs
	20
	0
	20

	Number of UEs
	40
	40
	40

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm

	Additional notes, if any
	Ideal LOS path
	Ideal LOS path
	Ideal LOS path

	Positioning mode
	Absolute positioning
	Absolute positioning
	Absolute positioning
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Figure 3. Curves of CDF errors for absolute positioning in highway scenario
Table 6. CDF errors for absolute positioning in highway scenario
	Case
	50%
	67%
	80%
	90%
	95%

	Case 1
	0.1835
	0.2371
	0.3026
	0.3901
	0.4719

	Case 2
	0.2134
	0.2791
	0.339
	0.4193
	0.5118

	Case 3
	4.374
	11.68
	14.44
	20.04
	20.68

	Case 4
	0.5683
	0.8355
	1.077
	1.423
	1.791

	Case 5
	0.7271
	0.9827
	1.252
	1.571
	1.961

	Case 6
	7.587
	12.76
	18.94
	21.15
	23.13

	Case 7
	0.9305
	1.179
	1.463
	1.864
	2.261

	Case 8
	1.051
	1.375
	1.746
	2.225
	2.795

	Case 9
	10.88
	15.11
	20.14
	23.31
	28.29

	Case 10
	0.5202
	0.7343
	0.9984
	1.296
	1.637

	Case 11
	0.7271
	0.9827
	1.252
	1.571
	1.961

	Case 12
	6.234
	12.35
	17.73
	20.63
	22.08


Table 7. Evaluation parameters for relative positioning in highway scenario
	Parameters
	Case 13
	Case 14
	Case 15

	Anchor nodes
	Anchor UE
	Anchor UE
	Anchor UE

	Carrier frequency
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	Number of target UEs
	20
	20
	20

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Additional notes, if any
	Normal channel
	Normal channel
	Normal channel

	Positioning mode
	Relative positioning
	Relative positioning
	Relative positioning
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Figure 4. Curves of CDF errors for relative positioning in highway scenario
Table 8. CDF errors for relative positioning in highway scenario
	Case
	50%
	67%
	80%
	90%
	95%

	Case 13
	0.1112
	0.1611
	0.2239
	0.3187
	0.4551

	Case 14
	0.2477
	0.362
	0.5414
	0.7814
	0.996

	Case 15
	0.4145
	0.5466
	0.8197
	1.173
	1.572


Observation 1: In highway scenario, all techniques can meet the requirement of Set 1 described in TR 38.845, i.e. positioning accuracy is less than 50m for 95% of UEs. If both TRPs and RSUs are used to locate target UEs, the requirement of Set 2 described in TR 38.845 can be satisfied in positioning accuracy less than 3m for 95% of UEs for absolute positioning and for relative positioning without bandwidth limitation.
2.2.2 Scenario 2—Urban
Table 9 gives the evaluation parameters for relative positioning in urban scenario. Figure 5 and Table 10 show the CDF errors of simulation results for relative positioning in urban scenario.
Table 9. Evaluation parameters for relative positioning in urban scenario
	Parameters
	Case 16
	Case 17
	Case 18

	Anchor nodes
	Anchor UE
	Anchor UE
	Anchor UE

	Carrier frequency
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	Number of target UEs
	20
	20
	20

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Positioning mode
	Relative positioning
	Relative positioning
	Relative positioning
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Figure 5. Curves of CDF errors for relative positioning in urban scenario
Table 10. CDF errors for relative positioning in urban scenario
	Case
	50%
	67%
	80%
	90%
	95%

	Case 16
	0.1706
	0.258
	0.3614
	0.5451
	0.7794

	Case 17
	0.4631
	0.7135
	1.024
	1.493
	2.075

	Case 18
	0.7715
	1.204
	1.761
	2.612
	3.865


Observation 2: In urban scenario, relative positioning can meet the requirement of Set 1 described in TR 38.845 without bandwidth limitation, i.e. positioning accuracy less than 50m for 95% of UEs. The requirement of Set 2 described in TR 38.845 can be satisfied by relative positioning with sufficient bandwidth, i.e. positioning accuracy less than 3m for 95% of UEs for absolute positioning with bandwidth 100MHz and 40MHz.
2.2.3 Scenario 3—InF-SH
Table 11 to Table 12 give the evaluation parameters for absolute positioning in InF-SH scenario. Figure 6 and Table 13 show the CDF errors of simulation results for absolute positioning in InF-SH scenario. Table 14 gives the evaluation parameters for relative positioning in InF-SH scenario. Figure 7 and Table 15 show the CDF errors of simulation results for relative positioning in InF-SH scenario.
Table 11. Evaluation parameters for absolute positioning in indoor factory scenario
	Parameters
	Case 19
	Case 20
	Case 21
	Case 22
	Case 23
	Case 24
	Case 25
	Case 26
	Case 27

	Anchor nodes
	BSs and anchor UEs
	Only BSs
	Only anchor UEs
	BSs and UEs
	Only BSs
	Only anchor UEs
	BSs and UEs
	Only BSs
	Only anchor UEs

	Carrier frequency
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	100MHz
	100MHz
	40MHz
	40MHz
	40MHz
	20MHz
	20MHz
	20MHz

	Number of BSs
	18
	18
	0
	18
	18
	0
	18
	18
	0

	Number of anchor UEs
	20
	0
	20
	20
	0
	20
	20
	0
	20

	Number of target UEs
	20
	20
	20
	20
	20
	20
	20
	20
	20

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm

	Additional notes, if any
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel
	Normal channel

	Positioning mode
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning
	Absolute positioning


Table 12. Evaluation parameters for absolute positioning in indoor factory scenario
	Parameters
	Case 28
	Case 29
	Case 30

	Anchor nodes
	BSs and anchor UEs
	Only BSs
	Only anchor UEs

	Carrier frequency
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	40MHz
	40MHz
	40MHz

	Number of BSs
	18
	18
	10

	Number of anchor UEs
	20
	0
	20

	Number of target UEs
	20
	20
	20

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm

	Additional notes, if any
	Ideal LOS path
	Ideal LOS path
	Ideal LOS path

	Positioning mode
	Absolute positioning
	Absolute positioning
	Absolute positioning
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Figure 6. Curves of CDF errors for absolute positioning in indoor factory scenario
Table 13. CDF errors for absolute positioning in InF-SH scenario
	Case
	50%
	67%
	80%
	90%
	95%

	Case 19
	0.145
	0.1807
	0.2224
	0.2823
	0.3457

	Case 20
	0.2084
	0.2762
	0.347
	0.4907
	0.5529

	Case 21
	0.1688
	0.2294
	0.302
	0.4154
	0.5173

	Case 22
	0.4283
	0.5397
	0.7021
	0.8509
	1.076

	Case 23
	0.7401
	1.002
	1.291
	1.595
	2.054

	Case 24
	0.4485
	0.5785
	0.8091
	1.038
	1.325

	Case 25
	0.742
	0.9484
	1.19
	1.452
	1.667

	Case 26
	1.445
	1.808
	2.38
	3.075
	3.768

	Case 27
	0.7485
	0.9504
	1.267
	1.675
	1.973

	Case 28
	0.3527
	0.4837
	0.6308
	0.7306
	0.7857

	Case 29
	0.6745
	0.9214
	1.154
	1.438
	1.712

	Case 30
	0.3905
	0.5072
	0.6911
	0.8276
	1.08


Table 14. Evaluation parameters for relative positioning in indoor factory scenario
	Parameters
	Case 31
	Case 32
	Case 33

	Anchor nodes
	Anchor UEs
	Anchor UEs
	Anchor UEs

	Carrier frequency
	4GHz
	4GHz
	4GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	Number of target UEs
	20
	20
	20

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Additional notes, if any
	Normal channel
	Normal channel
	Normal channel

	Positioning mode
	Relative positioning
	Relative positioning
	Relative positioning


[image: reletiveP]
Figure 7. Curves of CDF errors for relative positioning in InF-SH scenario
Table 15. CDF errors for relative positioning in InF-SH scenario
	Case
	50%
	67%
	80%
	90%
	95%

	Case 31
	0.1741
	0.2776
	0.3925
	0.714
	1.049

	Case 32
	0.3589
	0.5859
	0.8929
	0.974
	1.314

	Case 33
	0.6745
	1.092
	1.727
	2.995
	4.963


Observation 3: In indoor factory scenario, all techniques can meet the requirement of Set 1 described in TR 38.845, i.e. positioning accuracy less than 50m for 95% of UEs. If both TRPs and RSUs are used to locate target UEs, absolute positioning can meet the requirement of Set 2 described in TR 38.845 without bandwidth limitation, e.g., positioning accuracy less than 3m for 95% of UEs. Besides, relative positioning can meet the requirement of Set 2 described in TR 38.845 with sufficient bandwidth, i.e. positioning accuracy less than 3m for 95% of UEs with bandwidth larger than or equal to 40MHz.
3 Conclusion
In this contribution, we provide the evaluation methodology and scenarios to evaluate SL positioning. In addition, SL positioning simulation results are showed.
Proposal 1: Only in-coverage and out-of-coverage scenarios are considered for SL positioning simulation purpose where both absolute positioning and relative positioning can be considered for in-coverage case, while only relative positioning is considered for out-of-coverage case.
Proposal 2: For absolute positioning, TDOA or RTT are supported. For relative positioning, RTT and AOA are supported.
Proposal 3: SL positioning evaluation work should focus on FR1.
Proposal 4: For evaluation of SL positioning, three scenarios are suggested, including highway, urban and indoor factory.
Proposal 5: The parameters listed in Table 1 are supported for evaluating SL positioning in highway scenario.
Table 1. Parameters in highway for evaluation of SL positioning
	
	Absolute positioning
	Relative positioning

	Layout
	Layout of highway
	According to TR 37.885, 3 lanes in each direction (6 lanes in total), lane width 4m, highway length is not less than 2000m

	
	RSU location
	According to TR 37.885, uniformly allocated with 100m spacing in the middle of highway
	RSUs are disabled

	
	BS location
	Allocated on both side of the road, inter-site distance is 500m
	BSs are disabled

	
	Illustration of layout
	[image: ]

	UE drop
	According to TR 37.885, Type 2 UEs and Option A dropping are used.

	Anchors selection
	All BSs and RSUs can be used
	Relative positioning is performed for two Ues within 100m 

	SL channel model
	UE2UE described in TR 37.885

	Channel model between BS and UE
	Rma described in TR 37.885, LOS propagation type is used for V2B links
	No model

	Bandwidth
	20MHz, 40MHz and 100MHz

	Antenna model
	According to TR 37.885, Option 1 (single panel) as the baseline and Option 2 (two panels) as optional

	Performance metrics
	Percentiles of positioning error:  50%, 67%, 80%, 90% and 95%


Proposal 6: In urban scenario, SL positioning simulation should be focused on relative positioning case. The parameters listed in Table 2 are supported for evaluating SL relative positioning in urban scenario.
Table 2. Parameters in urban for evaluation of SL positioning
	
	Relative positioning

	Layout
	Layout of urban
	According to TR 37.885, 2 lanes in each direction (4 lanes in total), lane width 3.5m, road grid size by the distance between intersection 433m*250m

	
	Illustration of layout
	[image: ]

	UE drop
	According to TR 37.885, Type 2 UEs and Option A dropping are used.

	Anchors selection
	UEs within 100m of target UE, i.e. relative positioning is only performed between two UEs within 100m

	SL channel model
	UE2UE described in TR 37.885

	Bandwidth
	20MHz, 40MHz and 100MHz

	Antenna model
	According to TR 37.885, Option 1 (single panel) as the baseline and Option 2 (two panels) as optional

	Performance metrics
	Percentiles of positioning error:  50%, 67%, 80%, 90% and 95%


Proposal 7: The parameters listed in Table 3 are supported for evaluating SL positioning in InF-SH scenario.
Table 3. Parameters in InF-SH for evaluation of SL positioning
	
	Absolute positioning
	Relative positioning

	Layout
	Layout of hall
	According to TR 38.857, hall size 300m*150m, room height 10m,

	
	BS location
	According to TR 38.857, 18 BSs are set on a square lattice with spacing 50m, located 25m from the wall.
	BSs are disabled

	
	Illustration of layout
	[image: ]

	UE drop
	According to TR 38.857, antenna height 1.5m, speed 3km/h, uniformly distributed at the convex hull of the horizontal BS deployment

	Anchors selection
	All BSs and 20 anchor UEs randomly selected are used to locate target UE
	Relative positioning is performed for two UEs within 10m 

	SL channel model
	Modify InF-SH described in TR 38.901, i.e. replace BS with the anchor UE in the channel model of BS-2-UE, where anchor UE height, transmit power are used to replace gNB’s. 

	Channel model between BS and UE
	InF-SH described in TR 38.901
	No model 

	Bandwidth
	20MHz, 40MHz and 100MHz

	Antenna model
	According to TR 38.857

	Performance metrics
	Percentiles of positioning error:  50%, 67%, 80%, 90% and 95%


Observation 1: In highway scenario, all techniques can meet the requirement of Set 1 described in TR 38.845, i.e. positioning accuracy is less than 50m for 95% of UEs. If both TRPs and RSUs are used to locate target UEs, the requirement of Set 2 described in TR 38.845 can be satisfied in positioning accuracy less than 3m for 95% of UEs for absolute positioning and for relative positioning without bandwidth limitation.
Observation 2: In urban scenario, relative positioning can meet the requirement of Set 1 described in TR 38.845 without bandwidth limitation, i.e. positioning accuracy less than 50m for 95% of UEs. The requirement of Set 2 described in TR 38.845 can be satisfied by relative positioning with sufficient bandwidth, i.e. positioning accuracy less than 3m for 95% of UEs for absolute positioning with bandwidth 100MHz and 40MHz.
Observation 3: In indoor factory scenario, all techniques can meet the requirement of Set 1 described in TR 38.845, i.e. positioning accuracy less than 50m for 95% of UEs. If both TRPs and RSUs are used to locate target UEs, absolute positioning can meet the requirement of Set 2 described in TR 38.845 without bandwidth limitation, e.g., positioning accuracy less than 3m for 95% of UEs. Besides, relative positioning can meet the requirement of Set 2 described in TR 38.845 with sufficient bandwidth, i.e. positioning accuracy less than 3m for 95% of UEs with bandwidth larger than or equal to 40MHz.
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