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Introduction 
In this contribution, we provide initial observations based overview of evaluation results provided in contributions submitted for Rel.17 NR Positioning Enhancements WI [1] - [17] and feature lead summary [18]. We invite companies to provide their views on initial observations aiming to converge on harmonized versions to be captured in the 3GPP TR on NR Positioning Enhancements.

Summary of Observations
Accuracy Evaluation for Rel.16 NR Positioning Solutions 
Horizontal positioning accuracy in InF-SH 
Discussion Round #1

 (On horizontal positioning accuracy in InF-SH)
Evaluation results for indoor factory scenario InF-SH (sparse high) show that this scenario is dominated by LOS links, which presence is beneficial for accurate UE positioning.
Sub-meter level of horizontal positioning accuracy is achieved by Rel.16 solutions (DL-TDOA, UL-TDOA, Multi-RTT and combination of hybrid solutions such as DL-TDOA+DL-AoD, UL-TDOA+UL AoA).
For the case without modeling synchronization and gNB/UE TX/RX timing errors
Results were provided by [12] out of [17] sources for FR1 and by [9] sources out of 17 for FR2
[bookmark: _GoBack]For NR positioning evaluations in FR1 band, the following is observed with respect to target horizontal positioning accuracy:
Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [3] sources and is not achieved in contributions from [9] sources
Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [7] sources and is not achieved in contributions from [5] sources
For NR positioning evaluations in FR2 band, the following is observed with respect to target horizontal positioning accuracy:
Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [6] sources and is not achieved in contributions from [3] sources
Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [8] sources and is not achieved in contributions from [1] sources

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Horizontal positioning accuracy in InF-DH
Discussion Round #1 

 (On horizontal positioning accuracy in InF-DH)
Evaluation results for indoor factory scenario InF-DH (dense high) show that this scenario is characterized by high probability of NLOS links, that have detrimental impact on UE positioning accuracy due to NLOS excess time offset in propagation delay.
Target level of horizontal positioning accuracy is not achieved by Rel.16 solutions (DL-TDOA, UL-TDOA, Multi-RTT and combination of hybrid solutions such as DL-TDOA+DL-AoD, UL-TDOA+UL AoA) if no enhancements are considered
For the case without modeling synchronization and gNB/UE TX/RX timing errors
Results were provided by [12] out of [17] sources for FR1 and by [9] sources out of [17] for FR2
For NR positioning evaluations in FR1 band, the following is observed with respect to target horizontal positioning accuracy:
Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [1] sources and is not achieved in contributions from [11] sources
Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [2] sources and is not achieved in contributions from [10] sources
For NR positioning evaluations in FR2 band, the following is observed with respect to target horizontal positioning accuracy:
Accuracy of ≤ 0.2m @ 90% is achieved in contributions from [3] sources and is not achieved in contributions from [6] sources
Accuracy of ≤ 0.5m @ 90% is achieved in contributions from [3] sources and is not achieved in contributions from [6] sources

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Horizontal positioning accuracy in IOO/UMi/UMa
Discussion Round #1

 (On positioning accuracy in UMa/UMi/IOO)
Evaluation results for optional IOO/UMi/UMa scenarios are provided by 3 out of 17 sources
The following is observed for horizontal positioning accuracy based on submitted evaluation results
1m @ 80% is achieved for IOO/UMi by 2 out of 3 sources
10m @ 80% is achieved for UMa by 2 out of 3 sources
Considering small number of available sources for NR Positioning evaluations in  IOO/UMi/UMa scenarios, it is recommended to draw conclusions and observations   based on agreed InF scenarios only (i.e. baseline scenarios)

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Impact of synchronization and gNB/UE TX/RX timing errors
Discussion Round #1

 (On impact of synchronization and gNB/UE TX/RX timing errors)
Evaluation results (provided by [6] out of [17] sources) have shown that synchronization and gNB/UE TX/RX timing errors have degrade UE positioning accuracy of the Rel.16 NR Positioning timing-based solutions
If synchronization and gNB/UE TX/RX timing errors are modelled without compensation, the targeted IIoT accuracy requirements with sub-meter level positioning accuracy are not reached by timing-based solutions of the Rel.16 NR Positioning.
Accurate synchronization and small gNB/UE TX/RX timing errors are essential to achieve precise performance of the NR Positioning timing-based solutions. Further alignment on the X and Y values  are needed in the gNB/UE TX/RX timing error model to facilitate the use of common assumptions across different sources
The values of X and Y beyond certain limit [1.25 ns and 2.5 ns] allow to approach target positioning accuracies, but the feasibility of X and Y values need to be further discussed by RAN WG4

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Accuracy Evaluation for NR Positioning Enhancements
LOS / NLOS Identification and NLOS Mitigation
Discussion Round #1

 (On LOS/NLOS identification and NLOS mitigation)
Evaluation results for LOS/NLOS identification and NLOS mitigation in indoor factory scenario were provided by [9] sources out of [17]:
The [6] sources show that LOS/NLOS identification provides performance gain and reporting of the LOS/NLOS link type need to be considered as NR positioning enhancement relative to Rel.16 solutions. 
The [2] sources compared NR positioning performance of LOS/NLOS detection algorithm(s) and have shown that it has better performance compared to the outlier rejection algorithms.
The [1] source shows that implementing NLOS mitigation can improve positioning accuracy. In InF-SH scenario, gain from the method of LOS classification is marginal.
The [2] sources show that the outlier rejection algorithm has better performance than LOS/NLOS detection algorithm.
LOS/NLOS identification and NLOS mitigation are recommended as a solution to overcome the problem of NLOS excess propagation delay offset for indoor factory scenarios especially in the NLOS-heavy scenarios like InF-DH.

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




[bookmark: _Hlk54605332]Aggregation of Positioning Frequency Layers
Discussion Round #1

 (On aggregation of NR positioning frequency layers)
Evaluation results for aggregation of positioning frequency layers were provided by [4] sources out of [17].
Aggregation of NR positioning frequency layers improves positioning accuracy and achieve the target IIoT positioning accuracy.
Further work is needed to decide on details of supported configurations for NR positioning frequency layer aggregation, including practical impairments such as: channel spacing, timing offset over frequency layers, frequency offset over frequency layers, phase discontinuity and possible amplitude imbalance.

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




On Network Synchronization / gNB/UE TX/RX Timing Errors
Discussion Round #1

 (On Network Synchronization / gNB / UE TX/RX Timing Errors)
Accurate network synchronization as well as solutions to cope with gNB/UE TX/RX timing errors are needed to achieve precise positioning
FFS impact on specification

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Physical Layer Latency Evaluation
Physical Layer Latency Evaluation of Rel.16 Solutions
Discussion Round #1

 (On Physical Layer Latency Evaluations of Rel.16 Solutions)
The results for the physical layer latency evaluation were presented by [13] out of [17] sources.
Physical layer latency evaluation results vary among sources, that can be explained by the lack of the agreed by RAN WG1 common reference resource configuration for latency study, lack of common understanding on physical layer latency components, as well as by implementation freedom of the Rel.16 NR positioning procedures.
Considering the situation on physical layer latency evaluation the following way forwards can be considered (companies are invited to provide views and select one of the alternatives):
Alt.1: RAN WG1 to work on harmonized / aligned table for physical layer latency analysis which is to be completed within RAN1#103e meeting
Companies are invited to indicate contribution that is preferred to be used as a starting point for harmonization
Alt.2: RAN1 to draw observations based on submitted results and evaluation assumptions aiming to identify necessary bottlenecks and potential enhancements of physical layer latency

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Physical Layer Latency Results for Rel.16 Solutions
Discussion Round #1

 (Observations on physical layer latency of NR positioning solutions)
For UE-assisted positioning solutions, the following common observations can be drawn from the provided evaluation results
For DL-TDOA / DL-AOD NR positioning techniques, the minimum latency within the range of [50-120] ms is reported by majority of sources. A few sources observed even lower latency values however it does not satisfy 10ms target applicable for selected IIoT use cases.
For UL-TDOA / UL-AOA NR positioning techniques, the minimum latency within the range of [10-30] ms is reported by majority of sources. A few sources observed latency in the order of [1.5-7] ms that satisfy 10ms target applicable for selected IIoT use cases, however this analysis excluded L2/L3 latency components within physical layer latency.
For Multi-RTT NR positioning technique, the physical layer latency is comparable with DL-TDOA/DL-AoD solutions (slightly larger)
For E-CID positioning technique, results were provided by three sources that reported the following minimum latency ranges [0.84 ms, 6.5 ms and 10ms]
NR positioning enhancements are needed to achieve target latency in the order of 10 ms. The major latency components that require enhancements are
DL PRS alignment time
DL PRS measurement and report delay
Multiple over the air transactions of NR positioning procedures
Higher layer signaling for UE configuration and UE reporting 

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Physical Layer Latency of NR Positioning Enhancements
Discussion Round #1

 (On Physical Layer Latency of Enhanced NR Positioning Solutions)
The following latency reduction enhancements are considered/recommended by companies
Support of on demand DL PRS transmission 
Support of a-periodic / semi-persistent DL PRS transmission
Measurement gap enhancements (e.g. gap less operation, pre-configured gaps activated by low layer signaling, etc.)
Enhanced UE DL PRS processing capabilities
Low layer signaling (DCI/MAC CE) for NR positioning procedures and procedural enhancements

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Physical Layer Latency of NR Positioning In RRC_INACTIVE State
Discussion Round #1

(On UE Positioning in RRC_INACTIVE States)
Support of UE positioning in RRC_INACTIVE state provides latency saving due to lack of transition to RRC_CONNECTED state

Companies are invited to provide views on above observations in table below
	Company Name
	Comments

	
	

	
	

	
	

	
	




Summary
TBD
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