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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#86 a new SI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our initial results on the evaluations of accuracy and latency. Our companion contribtuions discuss our views on additional scenarios and potential enhancements in [2], [3].    
Discussion
Good progress was made at RAN1#101-e to agree on simulation assumptions and scenarios. In this contribution those assumptions are followed unless specifically mentioned otherwise. Agreed assumptions from [4] which are used in the results presented here are copied to the Appendix for convience.    
Accuracy evaluations
As an initial investigation into the accuracy of Rel-16 techniques performance in the IIoT use cases we simulated DL-TDOA using the agreed simulation assumptions from RAN1#101-e and the NR PRS design. We simulated both for InF-SH and InF-DH models which are presented in Figure 1. Additionally for a baseline we simulated the UMi and the Indoor Office (IOO) models from [5]. 
To produce the InF results we first model the RSTD measurements from all gNBs and then filter the measurements which are used by the positioning algorithm. The RSTD measurements are made using Ts level of granularity for now while for future results we plan to report sub-Ts level of granularity which at least for the InF-SH model we expect to improve the performance. The filtering of RSTD measurements is performed using the quality of the links (e.g., PRS-RSRP) to select the 8 best gNBs. So this forms 7 RSTD measurements which are used by the positioning algorithm. For these results we use the Taylor Series expansion method to solve using the least squares method as defined in [6]. For the InF results only UEs that fall in the convex hull are considered. 
Using the agreed parameter reporting shown below we produce the InF model results shown in this contribution.
	Parameter
	

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-6, 6 symbol NR PRS 

	Reference signal (type of sequence, number of ports, …) 
	 NR PRS

	Number of sites
	 18

	Number of symbols used per slot  per positioning estimate
	 6 symbols per slot

	Number of slots per positioning estimate
	 1 slot

	Power-boosting level
	 6 dB

	Uplink power control (applied/not applied)
	 Not applicable 

	interference modelling (ideal muting, or other)
	 Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	 Thresholding, 0.5

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Taylor Series, Least Squares

	Network synchronization assumptions
	 Perfect Synchronization 

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	 N/A

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	 N/A

	Additional notes, if any
	 N/A



[image: ]
Figure 1. DL TDOA horizontal error for InF Scenarios
[image: ]
Figure 2. DL TDOA horizontal error for UMi and Indoor Office Scenarios
For the results in Figure 2 the IOO and UMi scenarios assumptions are taken from TR 38.855. The results from Figure 1 and 2 are used to derive the summary in Table 1 below. 
Table 1. CDF Summary of Initial Results for DL TDOA for Horizontal Error
	Scenario, Fc, BW
	50%
	67%
	80%
	90%

	InF-SH, 3.5 GHz, 100 MHz
	0.98 m
	1.47 m 
	2.13 m 
	4.35 m 

	InF-DH, 3.5 GHz, 100 MHz
	1.71 m
	3.15 m 
	4.39 m
	7.16 m

	IOO, 3.5 GHz, 100 MHz
	1.17 m
	1.92 m 
	3.24 m
	6.50 m

	UMi, 3.5 GHz, 100 MHz
	5.29 m
	9.59 m
	14.92 m
	23.81 m



Observation 1: The performance of DL-TDOA is significantly worse in InF-DH compared with InF-SH. Meeting the strictest accuracy requirements for InF-DH may be challenging. 
Oberservation 2: The performance of DL-TDOA is better in the InF-SH scenario compared with IOO. 
Observation 3: The performance of DL-TDOA is limited by the granularity of RSTD measurements. 
Latency evaluations
During RAN1#101-e the following agreements on latency evaluations was reached:
Agreement:
Higher layer positioning latency can be evaluated in this SI.
· FFS: how to evaluate higher-layer positioning latency
· FFS: which higher-layers should be included in the evaluation

However, the only WG listed for the objective on evaluations of accuracy and latency is RAN1. While some components of latency can be evaluated by RAN1 not all latencies for positioning fall within RAN1 scope and it is clear that higher layer positioning latency is not in RAN1 scope. In particular the latency associated with LPP and NRPPa protocols are major components to the overall positioning latency. We also note that there may be some inherent relationship between latency and accuracy. For example, averaging a measurement over multiple DL PRS occasions is possible to improve measurement accuracy but this increases the latency.
Observation 4: It is outside of RAN1 scope to explicitly evaluate higher layer positioning latency.
We see three possible ways to move forward:
Option 1. RAN1 only evaluates physical layer latency, define what physical layer latency means, and this is the only latency evaluated for the SI (note again that latency evaluations in the SID only include RAN1 on the objectives). 
Option 2. SID should be updated to include RAN2/3 on this sub-objective and relevant WGs should be involved in latency evaluations. 
Option 3. RAN1 assumes some baseline values for different signalling delays (e.g., each LPP signalling step takes X ms where X is FFS) and ask RAN2/3 to confirm the values as reasonable assumptions. Based on these assumed values RAN1 can evaluate the overall positioning latency. 
Note: Option 3 does not exclude option 1 and defining/evaluating physical layer latency is part of option 3 as well. 
Of these options our first preference is to go for Option 3 as the reduced latency is a key objective in the SI but only RAN1 has the official time budget for evaluations. Option 1 could also be a reasonable way forward but limits somewhat the scope of potential enhancements which is not optimal and it is not clear what exactly physical layer latency would mean. Option 2 seems the least feasible as this would involve changing the SID and need RAN action/guidance. 
[bookmark: _GoBack]Proposal 1: Adpot option 3 above for handling the latency evaluations during the SI. Agree on baseline values (e.g., X) during RAN1#102-e. Send LS to RAN2/3 with baseline values for confirmation.   
Conclusion
In this contribution we make the following proposals and observations:
Observation 1: The performance of DL-TDOA is significantly worse in InF-DH compared with InF-SH. Meeting the strictest accuracy requirements for InF-DH may be challenging. 
Oberservation 2: The performance of DL-TDOA is better in the InF-SH scenario compared with IOO. 
Observation 3: The performance of DL-TDOA is limited by the granularity of RSTD measurements. 
Observation 4: It is outside of RAN1 scope to explicitly evaluate higher layer positioning latency.
Proposal 1: Adpot option 3 above for handling the latency evaluations during the SI. Agree on baseline values (e.g., X) during RAN1#102-e. Send LS to RAN2/3 with baseline values for confirmation.     
Appendix – Simulation Assumptions
The layout of the basestations for the InF factor is as follows: 
[image: ]
Agreed simulation assumptions for the InF models are here: 
	 
	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

	
	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

	Peneteration 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 at least the convex hull of the horizontal BS deployment. 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
(Optional): FFS

	UE mobility
	3km/h
(Optional): FFS

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

	gNB antenna height
	Baseline: 8m
(Optional): FFS

	Clutter parameters: {density r, height hc,size d_clutter}
	Low clutter density: {20%, 2m, 10m} High clutter density:FFS

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802
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