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[bookmark: _Ref513464071]Introduction
In RAN #98 meeting, the WI for R18 NR Positioning is approved, revised in RANP#101 meeting in RP-232670 which has the following objectives for SL-PRS design and power control for SL-PRS [1]:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].


[bookmark: _Hlk127413224]In RAN1#114bis meeting, a number of agreements and text proposals were agreed upon [2]. In this contribution, we discuss some of the remaining issues on SL measurement and reporting.
Discussion
[bookmark: _Hlk142056071]Synchronization error mitigation for SL-PRS measurements 
For SL-TDOA-based SL positioning methods, the RSTD or TDOA measurement accuracy can be degraded if there is a synchronization error between Anchor UEs. To mitigate the impact of synchronization errors between anchor UEs, the following agreements were made in RAN1#114: 
	Agreement
To mitigate the impact of synchronization errors between anchor UEs for SL-PRS based measurement, the exchanged synchronization information of anchor UEs between a UE and LMF or another UE includes the following:
· [The synchronization source type (GNSS, gNB/eNB, and UE) of anchor UEs, 
· If the synchronization source of an anchor UE is SyncRef UE, the anchor UE can optionally indicate the coverage status and synchronization connection status (whether the SyncRef UE is directly or indirectly synchronized to GNSS/gNB, or other SyncRef UE) of the SyncRef UE
· If the synchronization source of an anchor UE is gNB, the anchor UE can further provide cell identity information]
· [Synchronization quality/accuracy information]
· The RTD between anchor UEs 

Agreement
Support to include the following in the exchanged synchronization information of anchor UEs between a UE and LMF or another UE:
· The synchronization source type (GNSS, gNB/eNB, and UE) of anchor UEs, 



We think the exchanged information can additionally include sync accuracy or synchronization quality information. The information can be very useful for location determination. Based upon this information, different weights may be applied to the measurements of different anchors or to adjust the measurement results in the location determination.
Proposal 1: Make the following change in TS 38.214 to allow anchor UEs exchange the quality of synchronization information. The reason for the change is to mitigate the synchronization error among the anchor UEs for SL-TDoA based methods. The summary of the change is to introduce a new parameter which (anchor) UEs can exchange to mitigate the synchronization error. The consequence if not approved is the poor performance of SL-TDoA due to synchronization error among the anchor UEs. 
	
--------------------------<Start of text proposal for TS 38.214>--------------------------
[bookmark: _Toc29673252][bookmark: _Toc29673393][bookmark: _Toc29674386][bookmark: _Toc36645617][bookmark: _Toc45810667][bookmark: _Toc130409878]8.4.4	SL PRS reception procedure
< Unchanged parts are omitted >
The UE may report synchronization information synchronization source type and/or relative time difference with the associated quality metric and/or synchronization quality/accuracy information, via [higher layer parameter(s)]. For the SL RSTD measurement, the UE may report a reference UE information.

--------------------------<End of text proposal for TS 38.214>--------------------------




Uncertainty in anchor UE location 
To determine an absolute position of a target UE in a positioning method, e.g., in TDOA-based positioning, the location information of the anchor UEs are required at the entity performing the positioning computation, e.g., LMF (in-coverage) or the target UE (out-of-coverage). In addition to SL-PRS measurement, an anchor UE can provide its own location information and associated uncertainty information, e.g., to assist determination of the absolute position of a target UE in the SL positioning group. In RAN#112Bis meeting, the following agreement was made [5].
	Agreement
For provision of assistance information for absolute SL positioning, the anchor UE location information can be provided to LMF or UE.
FFS: which UEs can receive the anchor UE location information (note: which may be decided by other WGs)
FFS on quality information of anchor UE location information.


The quality or uncertainty information can be provided in various forms. Uncertainty information can be a range of the absolute location, similar to the uncertainty of TRP or ARP locations specified in TS 37.355[6]  or TS 38.455 [7], respectively. Since UE location information can be obtained using the methods of GNSS, Uu-based positioning or SL-based positioning, it can be beneficial for an Anchor UE to provide uncertainty information associated with each used method. In another option, uncertainty information can be indicated with a level of uncertainty with each level corresponding to a degree of uncertainty. 
The quality or uncertainty information can be reported to LMF or the target UE. For example, a Target UE can use uncertainty information to select anchor UEs prior to performing a positioning method. In this case, a Target UE can select anchor UEs with the least uncertainty associated with their location information. Thus, we propose to support Anchor UE provides the quality or uncertainty information associated with its reported location information.
We performed numerical evaluation to analyze effect of availability of the uncertainty information of anchor UE’s position at the target UE. Accuracy performance is evaluated in the IIoT small hall setting. We model uncertainty in anchor UE’s position as normal distribution with zero mean and standard deviation of L meters. Anchor UEs are divided into 2 groups as following:
· Anchor UE group having no error: 50 % of the total number of available anchor UEs are assigned to this group. 
· Anchor UE group having (L) m of the standard deviation in their error distribution: 50 % of the total number of available anchor UEs are assigned to this group. Error value ε, modeled by zero-mean Normal distribution, per anchor UE is added to actual position of the anchor UE. To model the impact of different level of uncertainty in anchor UE’s position, we sweep different standard deviation values for the Gaussian distribution with L= {0.1 m, 0.25 m, 1 m, 2 m, 4 m, 8 m} for the UEs belonging to this group.
A summary of the evaluation assumptions is presented below. Detailed simulation parameter assumptions are listed in Table A1 in Appendix.
· Channel model: BS-2-UE channel model defined in TR 38.901 is revised (Option 1 agreed in RAN1#109e)
· The target UE selects anchor UEs based on either of the following two criteria: 
· Based on RSRP measurements only
· Based on RSRP measurements and uncertainty of anchor UE’s position
· Perfect synchronization is assumed among anchor UEs for SL-TDOA
· Anchor UEs of the both group are uniformly distributed across deployment area
In table 1, horizontal accuracy of each anchor UE selection mechanism for different values of standard deviation L of anchor UE’s error distribution is presented.  
[bookmark: _Ref111151016]Table 1 Horizontal accuracy of IIOT sidelink positioning (m), with uncertainty information of anchor UE position at target UE
	Anchor UE selection method
	Standard Deviation of positioning error in anchor UE group (m)
	50%ile
	67%ile
	80%ile
	90%ile

	RSRP based anchor UE selection: SL-TDOA, InF-SH, FR1
	0
	0.7651    
	1.1581    
	1.6461    
	2.4845

	
	0.1
	0.8691        
	1.3779
	2.1311    
	3.8224

	
	0.25
	0.8927    
	1.4053    
	2.1392    
	3.6906

	
	1
	1.0070    
	1.4695    
	2.1695    
	3.3238

	
	2
	1.3526    
	1.8542    
	2.5735    
	3.6365

	
	4
	2.1737     
	3.1034    
	4.1987   
	5.4756

	
	8
	3.6773       
	4.9952    
	6.7853
	9.8044

	Anchor UEs with the least uncertainty in its location are prioritized: SL-TDOA, InF-SH, FR1
	0.1
	1.0986        
	1.8003    
	2.6570
	4.2337

	
	0.25
	1.0986        
	1.7973    
	2.6411
	4.1681

	
	1
	1.0844    
	1.7613    
	2.5636    
	4.0273

	
	2
	 1.1063    
	1.8009    
	2.6558    
	3.9928

	
	4
	1.2315    
	2.0111    
	3.0000    
	4.5842

	
	8
	1.4787    
	2.5114    
	4.1152    
	7.8873

	RSRP based anchor UE selection: SL-AoA, InF-SH, FR2
	0
	4.2506       
	5.7197    
	7.8179
	11.0314

	
	4
	5.1815     
	6.6108   
	9.6795   
	11.2079

	
	8
	6.2230    
	9.1968   
	10.8698   
	13.4300

	Anchor UEs with the least uncertainty in its location are prioritized: SL-AoA, InF-SH, FR2
	
8
	
4.3655      
	
5.8399    
	
9.3130
	
11.4471


For SL-AoA, only designated UEs’ uncertainty are increased. Thus, for the method that prioritizes to select anchor UEs with the least amount of uncertainty, its performance is not affected by the change in the uncertainty. Thus, the case for uncertainty with 8 meters is shown in the above table.
Based on the results presented in Table 1, we make following observations.
[bookmark: _Hlk142480254]Observation 1: For SL-TDOA, simulation cases with standard deviation of positioning error in anchor UE group greater than 2 m, prioritization of selection of anchor UEs with the least uncertainty yields better horizontal positioning accuracy (90%) compared to RSRP based anchor UE selection. 
Observation 2: For SL-AoA, simulation cases (FR2) with standard deviation of positioning error in anchor UE group greater than 4 m, prioritization of selection of anchor UEs with the least uncertainty yields better horizontal positioning accuracy (90%) compared to RSRP based anchor UE selection. 
Observation 3: If anchor UE’s uncertainty information is known to the target UE, selection of anchor UEs based on uncertainty information yields improved positioning accuracy. 
Based on the above observations, we make the following text proposal.
Proposal 2: Make the following changes in TS 38.214 to enable anchor UE providing the quality or uncertainty information associated with its location information. 
	Reason for change:
	Quality information associated to the location can improve accuracy.

	
	

	Summary of change:
	In clause 8.4.4, add modification on providing the location quality information. 

	
	

	Consequences if not approved:
	Sidelink positioning accuracy may not be sufficient.



	[bookmark: _Hlk149575828]*** Unchanged parts are omitted ***
[bookmark: _Toc146791893]8.4.4	SL PRS reception procedure

The UE may be provided with the location information of other UEs via [higher layer parameter], along with the associated quality or uncertainty information. The UE may report the location information of the UE to the network.

*** Unchanged parts are omitted ***




Content of SL-PRS measurement reporting 
The following agreement was made in RAN1#114 meeting:
Agreement
For SL Positioning measurement report content, the following can be included:
· [SL PRS resource ID]
· ARP ID used for reception 
· Measurement results
· Rx-Tx timing difference and quality
· RSTD measurement and quality
· RTOA measurement and quality
· AoA measurement and quality
· RSRP, RSRPP measurement Time stamp
· Rx timestamp
· Tx timestamp
· LoS/NLOS indicator
· [UE identity information or information related UE identity information]
Note1: unified or separate report for different SL positioning methods is up to other WGs (e.g., RAN2)
Note2: whether to include UE identity information or information related UE identity information is up to RAN2, including whether this is optional in the report.

The agreement does not include (anchor) UE identity information in the report leaving it to RAN2. During a positioning session, Target UE or Anchor UE(s) will perform measurements associated with the selected SL positioning method. The results of the measurements will be reported to LMF or a (pre)selected Server UE for processing and computation of location information of the Target UE. The processing can also require the location information of a SL PRS transmitting UE, e.g., an Anchor UE in DL-like TDOA-based SL positioning. It is thus important that the LMF or (pre)selected Server UE is able to associate a measurement reporting of a SL PRS transmission with the identity of the UE who performs the SL PRS transmission. For example, a UE Source ID can be used to indicate this UE identity. From our understanding, RAN1 may indicate that this information is needed, the details can be left for RAN2 to decide.

Proposal 3: From RAN1 perspective, identity of UE performing a SL PRS transmission is included in the measurement reporting of the SL PRS transmission. 
SL PRS measurement reporting entity
For UE-based SL positioning, a Target UE can perform processing and compute its own location information based on measurement reporting received from anchor UEs. For example, in an out-of-coverage scenario, when a Target UE is also a Server UE, the Target UE will receive the measurement reporting and will perform the location determination. 
[bookmark: _Hlk131518045]Proposal 4: When a target UE is performing its location determination (i.e., target UE is a server UE), support the target UE to receive SL-PRS measurement reports from anchor UEs.
The use case for target UE to receive measurement reports from anchor UEs can be motivated in another complementary setting where the target UE may not be performing the location calculations itself but may receive measurement reporting from anchor UEs and forward those to LMF (in-coverage scenario) or a Server UE (out-of-coverage scenario).
Conclusions
In this contribution, the following observations and proposals are made for measurement and reporting in SL positioning:
Observation 1: For SL-TDOA, simulation cases with standard deviation of positioning error in anchor UE group greater than 2 m, prioritization of selection of anchor UEs with the least uncertainty yields better horizontal positioning accuracy (90%) compared to RSRP based anchor UE selection. 
Observation 2: For SL-AoA, simulation cases (FR2) with standard deviation of positioning error in anchor UE group greater than 4 m, prioritization of selection of anchor UEs with the least uncertainty yields better horizontal positioning accuracy (90%) compared to RSRP based anchor UE selection. 
Observation 3: If anchor UE’s uncertainty information is known to the target UE, selection of anchor UEs based on uncertainty information yields improved positioning accuracy. 
Proposal 1: Make the following change in TS 38.214 to allow anchor UEs exchange the quality of synchronization information. The reason for the change is to mitigate the synchronization error among the anchor UEs for SL-TDoA based methods. The summary of the change is to introduce a new parameter which (anchor) UEs can exchange to mitigate the synchronization error. The consequence if not approved is the poor performance of SL-TDoA due to synchronization error among the anchor UEs. 
	
--------------------------<Start of text proposal for TS 38.214>--------------------------
8.4.4	SL PRS reception procedure
< Unchanged parts are omitted >
The UE may report synchronization information synchronization source type and/or relative time difference with the associated quality metric and/or synchronization quality/accuracy information, via [higher layer parameter(s)]. For the SL RSTD measurement, the UE may report a reference UE information.

--------------------------<End of text proposal for TS 38.214>--------------------------




Proposal 2: Make the following changes in TS 38.214 to enable anchor UE providing the quality or uncertainty information associated with its location information. 
	Reason for change:
	Quality information associated to the location can improve accuracy.

	
	

	Summary of change:
	In clause 8.4.4, add modification on providing the location quality information. 

	
	

	Consequences if not approved:
	Sidelink positioning accuracy may not be sufficient.



	*** Unchanged parts are omitted ***
8.4.4	SL PRS reception procedure

The UE may be provided with the location information of other UEs via [higher layer parameter], along with the associated quality or uncertainty information. The UE may report the location information of the UE to the network.

*** Unchanged parts are omitted ***



Proposal 3: From RAN1 perspective, identity of UE performing a SL PRS transmission is included in the measurement reporting of the SL PRS transmission. 
Proposal 4: When a target UE is performing its location determination (i.e., target UE is a server UE), support the target UE to receive SL-PRS measurement reports from anchor UEs.
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Appendix




Table A1: IIoT baseline scenario parameters
	Parameter
	 FR1 specific Values
	FR2 specific Values

	Carrier frequency, GHz 
	3.5GHz
	28 GHz

	Bandwidth, MHz
	100MHz
	400 MHz

	Subcarrier spacing, kHz
	30kHz 
	120 kHz

	Channel model
	InF-SH
	

	Hall size
	small hall (L=120m x W=60m): D=20m

	Number of anchor UEs dropped
	18 

	Room height
	10 m

	Number of floors
	1

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	InF-SH - {20%, 2m, 10m}


	Synchronization error between anchor UEs
	0 ns

	Target UE model parameters 
	
	

	UE noise figure, dB
	9dB 
	13dB 

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

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

	UE horizontal drop procedure
	Uniformly distributed covering entire factory floor

	UE antenna height
	1.5 m

	Anchor UE model parameters
	
	

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

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

	Anchor UE antenna height
	1.5 m


	Inaccuracy of anchor UE position
	[bookmark: _Hlk135239662]Error value ε per anchor UE is added to actual position of the anchor UE.  
1. ε =0
ε is modelled as a normal distribution with mean=0 and standard deviation - std= [0.1m 0.25m 1m 2m 4m 8m]. 
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