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Introduction 
One of the study item objectives related to SL positioning listed in RP-213588  includes:
	
· 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]. 




Evaluation Results for TR 38.859 
Description of evaluation scenarios
For the evaluation in this section we consider the highway scenario according to the SL positioning evaluation agreements. Common assumptions applicable to all evaluated scenarios are provided in the Table below.
Table 1 - Evaluation assumptions for the evaluation cases
	Parameter
	Value

	Carrier frequency
	SL: 6GHz

	Subcarrier spacing
	30KHz

	Bandwidth
	100/40/20 MHz (default 100MHz)

	UE or UE type RSU antenna configuration
	Omni directional antennas, 1 polarisation
(M, N, P, Mg, Ng) =  (1, 1, 1, 1, 1)

	Comb size
	2

	Number of symbols per SL-PRS
	2

	Interference modelling (ideal muting, or other)
	Interference between positioning resources

	Description of measurement algorithm (e.g. super resolution, interference cancellation…)
	ToA based on the inflection point from the time correlation

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Absolute positioning: TDOA Levenberg Marquardt.
LOS/NLOS ideal detector 

	Synchronization assumptions
	Perfect synchronization

	Precoding assumptions (codebook, etc)
	No precoding

	Power control
	Constant TX power (no UE specific power control)

	Timing advance (TA) setting
	All RSUs are synchronized to a common reference, to UE specific TA setting



The resulting cases in Table2 and Table3 corresponds for the following configurations:
 
Table 2- Evaluation parameters for absolute positioning in highway use case and resource sharing
	Case ID
	Resource sharing scheme
	Power
	Case Description 

	Case1 
	no sharing
	23dBm
	Different resources are assigned to each SL-PRS in LOS channels

	Case2 
	CS multiplexing
	23dBm
	Eight RSUs share the same REs. The RSU uses the same sequence, but different cyclic shift. The transmit power was 23dBm in LOS channels

	Case 3 
	code multiplex
	23dBm
	Eight RSUs share the same REs. Different sequences (IDs)  are assigned to each RSU in LOS channels

	Case 4 
	CS multiplexing
	0dBm
	Compared to the configuration in case 2 the transmit power was reduced to 0 dBm in LOS channels




Table 3- Evaluation of Bandwidth for absolute positioning in highway use case 
	Case ID
	Bandwidth
	Case Description 

	Case 5
	100MHz
	Channel according to 37.885, no resource sharing and 23dBm Tx power.

	Case 6 
	40MHz
	Channel according to 37.885, no resource sharing and 23dBm Tx power.

	Case 7
	20MHz
	Channel according to 37.885, no resource sharing and 23dBm Tx power.




Positioning accuracy evaluation results for Sidelink Positioning for Highway Scenarios for V2X
For cases 1-4: The reason for the bad performance of the code multiplex is the high false detection rate of the ToA estimator. For the given evaluation scenario the ToA estimator fails for app. 50% of the measurements, if code multiplex is used for resource sharing, whereas cyclic shift multiplex is able to separate all eight RSUs.
For cases 6/7: The applied positioning algorithm is optimized for high performance and in case of low ToA accuracy, the positioning might be not valid. 
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[bookmark: _Ref118237588]Figure 2: Horizontal positioning error for different resource sharing concepts
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Figure 3: Horizontal positioning error for different bandwidth configurations.

CDF errors for absolute positioning in highway scenario-horizontal accuracy (in meters)
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 1- No Sharing
(Tx power = 23dBm)
	0.15
	0.20
	0.28
	0.35
	Yes
	Yes

	Case 2- CS multiplexing
(Tx power = 23dBm)
	0.15
	0.21
	0.28
	0.35
	Yes
	Yes

	Case 3- code multiplex
(Tx power = 23dBm)
	>2m
	>2m
	>2m
	>2m
	No
	No

	Case 4- CS multiplexing
(Tx power = 0 dBm)
	0.16
	0.22
	0.31
	0.44
	Yes
	Yes

	Case 5- SL-PRS BW 100MHz
	0.17
	0.24
	0.33
	0.47
	Yes
	Yes

	Case 6- SL-PRS BW 40MHz
	0.52
	0.78
	1.14
	1.8
	No
	No

	Case 7- SL-PRS BW 20MHz
	1.19
	1.73
	>2m
	>2m
	No
	No




Conclusion
Based on the above results we make the following observation and proposal:

Observation: For evaluation with resource sharing:
· the requirement of 0.5m@90% (Set B) is achieved with cyclic shift multiplex
· [bookmark: _GoBack]both Set A and Set B requirements are NOT achieved with code multiplex


Proposal: Update following observations in the TR:

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 11 sources ([Nokia 1], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [InterDigital 11], [Intel 15], [CEWiT 16], Fraunhofer)
· 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
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], Fraunhofer ) 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]), Fraunhofer
· 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])
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