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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 results on the evaluations of accuracy and latency. Our companion contributions 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 convenience.    
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. For IIoT the RSTD measurements are made using Ts/4 level of granularity. For the other scenarios the RSTD measurements are made using Ts level of granularity. 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 to estimate the UE location. 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)
	DL : Comb-6, 6 symbol NR PRS 
UL : Comb-2, 2 symbol SRS-P

	Reference signal (type of sequence, number of ports, …) 
	DL :  NR PRS
UL :  NR SRS-P

	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
	DL: 6 dB
UL:fixed power (max)

	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, (Oversampling x4)

	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, nr of antenna elements used, etc)
	 N/A

	Additional notes, if any
	 LoS detector and Outlier rejectin algorithm used in UL-TDOA results
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Figure 1. DL TDOA horizontal error for InF Scenarios
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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
	0.26 m
	0.38 m 
	0.66 m 
	1.65 m 

	InF-DH, 3.5 GHz, 100 MHz
	1.29 m
	2.04 m 
	3.34 m
	4.99 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

	IOO, 3.5 GHz, 100 MHz, Oversampling x4
	0.46 m
	0.82 m
	1.68 m
	4.31 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. 
Observation 2: The performance of DL-TDOA is better in the InF-SH scenario compared with IOO. 
Observation 3: The performance of DL-TDOA is significantly improved through the use of oversampling. 
For UTDOA results, the positioning measurement and localization algorithms are similar as DL-TDOA cases. A UE dropped in convex hull transmit SRS-Pos with the max TX power. In the indoor performance observations, LOS channel indication is an important factor affecting high accuracy performance comparing to other factors. Detection or signalling on LOS/NLOS links can be useful. A method screening LOS profile is used for the simulation results to assist in LoS detection and outlier rejection. PHY can estimate channel impulse response for LOS identification, and a localization algorithm refers to such positioning measurements with priority.
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Table 2. CDF Summary of Initial Results for UL TDOA for Horizontal Error [m]
	Scenario, Fc, BW
	50%
	67%
	80%
	90%

	InF-SH, 3.5 GHz, 100 MHz
	0.38
	0.55
	1.06
	1.94

	InF-DH, 3.5 GHz, 100 MHz
	1.60
	2.35
	3.08
	4.2



Observation 4: UL-TDOA results show similar performance trends to the DL-TDOA results for InF scenarios. 
Observation 5: LoS detection and outlier rejection are able to improve the achieveable accuracy in UL-TDOA. 
As discussed in our companion TDoc [3] one realistic impairment that warrents modelling is antenna array phase center offset errors. Simulations of the antenna array phase center position with reference to the physical antenna reference point (ARP) have been conducted for different beam steering angles, for different signal angle of arrival (AOA) and for both co- and cross polarization. The phase center is evaluated in the direction of the signal over an area within the 3dB bandwidth of the used beam and for broad beam configuration within a 12° evaluation window. A realistic UE with plastic and glas and with a top mounted 1:8 element antenna array (both co-pol and cross-pol) was simulated.
This significant phase variation behavior manifest itself in sizable phase center offset variation over AOA and polarization as shown in Figure 3 for broad beam configuration. The phase center offset variation is several centimeters and is highly dependent on both AOA and polarization.
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Figure 3. 1:8 antenna array phase center offset in [mm] for test UE. 
PHY Latency evaluations
During RAN1#102-e the following agreement on latency evaluations was reached:
Agreement:
· At least the following information is provided for positioning physical layer latency analysis:
· Source initiating request for positioning measurements/location for a given UE (UE, Network)
· Destination awaiting for positioning measurements/location for a given UE (UE, Network)
· Start and end triggers/events for physical layer latency evaluation 
· For Rel.16 solutions, it is based on specification for each solution
· Initial and final RRC State of positioned UE (RRC IDLE, INACTIVE, CONNECTED) at the start and end time for the physical layer latency evaluation
· Positioning 
· technique (enumeration): (1) DL-TDOA, (2) DL AoD, (3) UL-TDoA, (4) UL-AoA, (5) Multi-RTT, (6) E-CID
· type: DL, UL, DL+UL
· mode: UE-based, UE-assisted
· Latency component w/ value range and description, including information on any parallel (simultaneous) components
· Total latency value
· Latency components are recommended to be captured in table and ordered consequently in time starting from the earliest one:

As one example we take the case of Network Initiated location request where the positioning method is DL-TDOA. Table 1 shows the analysis for DL-TDOA. Table 2 shows the analysis for UL-TDOA. Similar PHY latency is expected between DL-TDOA and DL-AoD. The same is assumed about UL-TDOA and UL-AoA. 
Table 1:
	
	Source: NW/Destination: NW
Positioning technique: DL-TDOA, type: DL, mode: UE-A 
Initial and Final RRC States: Initial/Final - CONNECTED

	
	Latency Component
	Value Range
	Description of Latency Component

	Start trigger
	 
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message

	Step 1: Processing of “LPP Request Location Information message”
	1a. Processing of PDSCH
	FR1: [3-8 symbols]
FR2: [20-24 symbols]
	 UE processing – based on N1 values from 38.214 

	
	1b. Processing of LPP message
	[10 ms]
	From 38.331

	Step 2 (optional): measurement gap request and configuration 
	2a. SR (for MG request) preparation and transmission
	FR1: [2 symbols – 80 slots]
FR2: [2 symbols – 640 slots]
	generate SR, as the message of measurement gap request may be new data coming
Wait for SR transmission occasion and transmit SR to gNB

	
	2b. SR processing at gNB
	[1 symbol]
	SR decoding, should be much smaller than N2. 

	
	2c. UL grant (for MG request) preparation and transmission
	[3 symbols – 1 slot ]
	UL grant generation and waiting for scheduling opportunity (based on CORESET configuration). Typical value.

	
	2d. UE processing of PDCCH and UL preparation
	FR1: [5-10 symbols]
FR2: 36 symbols
	UL data includes requested measurement gap request. Based on N2 values from 38.214.

	
	2e. Scheduling delay - K2
	[0-32 slots]
	Scheduling delay from UL grant to PUSCH 

	
	2f. PUSCH reception and decoding
	 [1-2 symbols]
	Including 1. PUSCH (containing MG request information) processing at gNB 

	
	2g. RRC processing of MG request
	[10 ms]
	gNB RRC processing time

	Step 3 (optional): measurement gap configuration
	3a. gNB prepares to transmits RRC (for MG configuraiton)
	[3 symbols – 1 slots]
	PDCCH and PDSCH preparation 

	
	3b. UE PHY processing for RRC (for MG configuraiton)
	FR1: [3-8 symbols]
FR2: [20-24 symbols]
	PDSCH decoding; not specified, but should be smaller than N1

	
	3c. UE time to applie the MG configuration
	[10 ms]
	Based on 38.331

	Step 4: PRS processing
	4a. Transmission of DL PRS
	 [4-10240 slots]
	Worst case time between periodic DL PRS based on values from 38.211

	
	4b. Processing of DL PRS at UE
	[8-1280 ms]
	Assume average value of T=8 (lowest value) is reported by UE as capability and UE is able to process all DL PRS resources (i.e., N is sufficient).

	Step 5: measurement report processing
	5a. Transmit SR 
	FR1: [2 symbols – 80 slots]
FR2: [2 symbols – 640 slots]
	Wait for SR transmission occasion and transmit SR to gNB

	
	5b. Processing of SR at gNB
	[1 symbol]
	SR decoding 

	
	5c. UL grant preparation and transmission of UL grant by gNB
	[3 symbols – 1 slot ]
	UL grant generation and waiting for scheduling opportunity (based on CORESET configuration). Typical value.

	
	5d. UE processing of PDCCH and UL preparation
	FR1: [5-10 symbols]
FR2: 36 symbols
	Based on N2 values from 38.214. 

	
	5e. Scheduling delay - K2
	[0-32 slots]
	Scheduling delay from UL grant to PUSCH 

	
	5f. gNB processing of RSTD Report
	 [1-2 symbol]
	 

	End trigger
	 
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	Total PHY latency 
	FR1: [44.35 – 10500] ms
FR2: [35.08 – 2118.93 ms] 
	Assuming 15 kHz SCS for FR1 and 120 kHz SCS for FR2




For the analysis performed below we assume that the UE needs to transmit a SR in order to receive an UL grant. It is possible in some scenarios that the UE will already have an UL grant which it can use for the transmission of the RSTD report. In that case the latency may be lower than as shown above. However, this cause can not be counted on in our view as the gNB has no knowledge of the RSTD report upcoming (due to LPP transparency at gNB). In addition, the LMF does not know if UE has an active UL grant or not so for meeting the QoS requirements it should take into account the “worst” case of the UE needing to send the SR.   
Observation 6: If 10 ms overall latency is required for positioning then the latency budget for PHY layer alone is already too large and the requirement would not be met.
Observation 7: The DL PRS processing time can be the larget contributor to the PHY layer latency and is independent of the SCS. 
Observation 8: The DL PRS periodicity may have a large impact on the PHY layer latency. 
Observation 9: Some components of the PHY latency (e.g., SR occasion) depend on gNB configuration of the UE. 
Proposal 1: Solutions to enhance the PHY latency for positioning at least for DL methods will be investigated. 
Table 2:
	
	Source: NW/Destination: NW
Positioning technique: UL-TDOA, type: UL, mode: UE-A 
Initial and Final RRC States: Initial/Final - CONNECTED

	
	Latency Component
	Value Range
	Description of Latency Component

	Start trigger
	 
	Reception by the gNB of the NRPPa measurement request message (assumption is that UE has already been configured with periodic SRS-Pos)

	Step 1: SRS-pos configuration
	1a. gNB prepares and transmits RRC (for SRS-pos configuraiton)
	[3 symbols – 1 slot ]
	PDCCH and PDSCH preparation

	
	1b. UE PHY processing for RRC 
	[3-24 symbols]
	PDSCH decoding

	Step 2: SRS-pos processing
	2a. Wait for transmission of SRS-Pos 
	 [1-81920 slots]
	Periodicity of SRS-Pos

	
	2b. Transmission of SRS-Pos
	[2 symbols- 8 symbols]
	Assuming effective comb-1. In FR2 case this will be much longer (e.g., multiple resources per set)

	
	2c. Processing of SRS-Pos at gNB/RP-only
	[1-5 slots]
	

	Step 3: positioning report
	3a. Preparation of UL measurement report 
	[3 symbols ]
	Typical value

	End trigger
	 
	The transmission by the gNB of the NRPPa measurement response message

	Total PHY latency 
	[2.78 – 81928.5] ms

	Assuming 15 kHz SCS 



Observation 10: PHY latency in UL-TDOA is lower than DL-TDOA but relies on SRS-Pos already being configured (e.g., higher layer latency takes this into account, see RAN2 analysis). 
Observation 11: PHY latency in UL-TDOA is also heavily dependent on SRS-Pos periodicity. Therefore, low latency will require high overhead unless considering non-periodic SRS which also had additional delay components. 
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. 
Observation 2: The performance of DL-TDOA is better in the InF-SH scenario compared with IOO. 
Observation 3: The performance of DL-TDOA is significantly improved through the use of oversampling.
Observation 4: UL-TDOA results show similar performance trends to the DL-TDOA results for InF scenarios. 
Observation 5: LoS detection and outlier rejection are able to improve the achieveable accuracy in UL-TDOA. 
Observation 6: If 10 ms overall latency is required for positioning then the latency budget for PHY layer alone is already too large and the requirement would not be met.
Observation 7: The DL PRS processing time can be the larget contributor to the PHY layer latency and is independent of the SCS. 
Observation 8: The DL PRS periodicity may have a large impact on the PHY layer latency. 
Observation 9: Some components of the PHY latency (e.g., SR occasion) depend on gNB configuration of the UE. 
Proposal 1: Solutions to enhance the PHY latency for positioning at least for DL methods will be investigated. 
Observation 10: PHY latency in UL-TDOA is lower than DL-TDOA but relies on SRS-Pos already being configured (e.g., higher layer latency takes this into account, see RAN2 analysis). 
Observation 11: PHY latency in UL-TDOA is also heavily dependent on SRS-Pos periodicity. Therefore, low latency will require high overhead unless considering non-periodic SRS which also had additional delay components. 
Appendix – Simulation Assumptions
The layout of the basestations for the InF factor is as follows: 
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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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