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Introduction
Study item on NR Positioning Enhancements was approved in [1]. The SID document has the following objectives:
	[bookmark: _GoBack]b.	Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	


In this document, we provide initial evaluation performance results for NR Positioning technology based on selected Rel16 solutions and outline key challenges of NR Positioning in I-IoT scenarios [2]. Our views on other NR Positioning aspects are provided in companion contributions [2]-[3].
Indoor Factory Scenarios 
In our companion contribution, we have proposed details of I-IoT evaluation scenarios [2] and suggested to reuse the Indoor factory scenarios and channel models captured in the 3GPP TR 38.901 [4]. 
It is well known that positioning performance depends on deployments and type of propagation link, i.e. LOS or NLOS. For NLOS link, the InF channel models explicitly model non-negative NLOS offset with log-normal distribution. Figure 1 illustrates the dependency of LOS probability vs 2D distance b/w gNB and UE, with the fixed gNB height of 1.5m for InF-SL/InF-DL and 8m for InF-SH/InF-DH.
 [image: ]
[bookmark: _Ref39753477]Figure 1: LOS probability vs 2D distance for InF channel model
Based on analysis of the LOS probability vs distance, we observe that the following three scenarios are substantially different in terms of LOS probability and therefore can be selected as the representative I-IoT scenarios as recommended in [2]:
Indoor Factory – Sparse clutter High height (InF-SH)
Indoor Factory – Sparse clutter Low height (InF-LH)
Indoor Factory – Dense clutter High height (InF-DH)

In the next section, we provide initial performance evaluation results for selected Rel-16 positioning techniques. The corresponding evaluation assumptions are captured in Annex-A.
Evaluation of Selected Release 16 NR Positioning 
In this section, we provide performance analysis of the following timing-based Rel-16 positioning techniques:
DL-TDoA for FR1 and FR2 (please refer to Figure 2)
UL-TDoA for FR1 and FR2 (please refer to Figure 3)
Multi-RTT for FR1 and FR2 (please refer to Figure 4)
	FR1
	FR2
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[bookmark: _Ref40377268]Figure 2: Performance of DL-TDOA based positioning for InF scenarios
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[bookmark: _Ref40377275]Figure 3: Performance of UL-TDOA based positioning for InF scenarios
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[bookmark: _Ref40377280]Figure 4: Performance of Multi-RTT based positioning for InF scenarios
Based on presented initial system level evaluation results for NR Positioning in I-IoT InF scenarios, we have following observations:

(Analysis of InF scenarios)
Among all considered InF scenarios, the best performance is observed for InF-SH and InF-SL scenarios, where sufficient number of LOS links is available for UE positioning
· The positioning based on LOS only links shows better performance than positioning based on combination of LOS + NLOS links that can be explained by effect of random NLOS offset in NLOS links
· In these scenarios the Rel.16 positioning based on LOS links can meet sub-meter level positioning requirements and there is a potential to further improve performance
The InF-DH and InF-DL scenarios show quite poor performance that can be explained by low probability of LOS links and non-compensated NLOS time offset in NLOS links that significantly degrades performance of timing solutions
· The main technical challenge in InF-DH and InF-DL scenarios is NLOS time offset and solutions to cope with this NLOS offset problem are needed to achieve better performance

(Comparison of timing-based positioning solutions for InF scenarios)
In considered InF scenarios and selected simulation assumptions
· DL-TDoA and UL-TDoA show similar performance that can be explained by the similar level of max TX power and difference in noise figure of gNB and UE respectively
· Multi-RTT show better performance that can be explained by TOA based positioning
· Performance of timing-based solutions with 100MHz in FR1 is better than with 400MHz in FR2 that can be explained by difference in the amount of links used for positioning in FR1 and FR2
In order to confirm the above observations on key factors of poor performance in InF-DH and InF-DL scenarios Figure 5 represents the positioning performance for FR1 under assumption of ideal NLOS offset compensation. As it can be seen, the NLOS offset compensation approach has a big impact on all InF scenarios.
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[bookmark: _Ref40456592]Figure 5: Performance of Multi-RTT based positioning for FR1 InF scenarios with ideal NLOS offset compensation
Based on analysis of positioning performance with ideal NLOS offset compensation, we have following observation:
(Analysis of InF scenarios)
When NLOS offset is ideally compensated the positioning performance in considered I-IoT scenarios achieves submeter level of location accuracy and there is no big difference in performance among all considered scenarios.
The provided analysis has shown performance of timing-based positioning techniques only, that can be further improved if additional Rel16 positioning techniques are applied together with timing-based solutions. For instance, combination of timing and angle-based solution (e.g. RTT + AoA) has potential to further improve performance. In addition, more advanced algorithms for estimation of signal location parameters have also good potential to improve positioning performance.

Latency analysis
L1 latency in Downlink
Indoor-Factory scenarios deployment consists of 18 base stations with single sector in FR1. According to the evaluation assumptions described in Annex A, the DL PRS configuration of 2 symbols with Comb-6 was used and therefore only 6 symbols are needed to receive transmission of DL PRS from all gNBs which is roughly half slot duration, i.e. 0.25 ms for 30kHz SCS. It is clear, that for periodic DL PRS transmission, the latency is dominated by the period of DL PRS transmission i.e. frame alignment which is half of the DL PRS transmission period. In addition, the processing and reporting delay should be considered, that may require a few more slots. In summary, we observe that latency of positioning in DL is dominated by DL PRS transmission period. For support of 10ms latency, the transmission period of ~ 10ms is needed, that will result in 10% overhead for DL PRS transmission in considered InF scenarios. In order to further reduce latency and overhead from DL PRS transmission it can be considered to increase DL PRS transmission period and define support for on demand DL PRS resource allocation.

L1 Latency in Uplink
Like analysis in DL, the latency of UL depends on mechanism used for SRS transmission. The minimum latency is likely to be achieved by aperiodic SRS transmission. Further enhancements to support UE autonomous transmission of SRS for positioning like in two-step RACH procedures can be beneficial from latency perspective.

Conclusion
In this contribution, we have provided initial analysis of NR positioning performance for I-IoT InF scenarios. Based on provided analysis, we have following observations/conclusions:
NLOS offset delay in Indoor Factory scenarios has significant impact on positioning performance, especially for InF-DH and InF-DL scenarios.
· In order to achieve accurate performance, it is important to compensate NLOS offset
It is important to support classification of propagation links on LOS and NLOS links. This improves performance in Indoor Factory scenarios InF-SH and InF-SL
It seems feasible to achieve precise submeter positioning performance for InF-SL and InF-SH using Rel16 positioning solutions
For InF-DL and InF-DH scenarios, it needs to be further analyzed whether solutions with NLOS offset estimation are feasible and can be used to improve performance, bringing it to desirable level. Initial evaluations show that it is quite challenging to achieve 0.2 m location accuracy within 10ms latency for all scenarios, without additional enhancements of Rel-16 NR positioning solutions.
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Annex A – Evaluation assumptions
In this section, we provide summary of evaluation assumptions that were used for positioning performance evaluation this contribution. Please refer to Table 1, 2, 3 for evaluation assumptions on InF scenarios, NR DL and UL positioning evaluation assumptions.

Table 1: Indoor Factory scenario Evaluation Assumptions 
	Parameter
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	[InF-SL, InF-DL, InF-SH, InF-DH]
	[InF-SL, InF-DL, InF-SH, InF-DH]

	Layout 
	Hall size
	InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 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
[image: ]

	
	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 drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3km/h

	UE antenna height
	1.5m

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

	gNB antenna height
	BS height = 1.5m for InF-SL and InF-DL, 8 m for InF-SH and InF-DH

	Clutter density: 
	Low clutter density: 20% / High clutter density: 60%

	Clutter height: 
	Low clutter density: 2 m / High clutter density: 6 m

	Clutter size: 
	Low clutter density: 10 m / High clutter density: 2 m

	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901



[bookmark: _Ref39762012]Table 2: NR DL Positioning Evaluation Assumptions 
	Parameters
	FR1/FR2 specific values

	Signal bandwidth
	● FR1: 100 MHz 
● FR2: 400 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	DL PRS Physical Structure
	● Single port
● Density: Comb-6
● Number of occupied symbols: 2
● Boosting = 0dB
● IBE – Not applicable

	TX/RX Settings 
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	● PRS structure w/ all REs used for transmission
● TX: No TX beam sweeping, Single TX Port, Quasi-Omni Pattern
● RX: Two X-pol RX Ports, Quasi-Omni Pattern

	 FR2
	● PRS structure w/ all REs used for transmission
● TX: TX beam sweeping, 8 TX analogue pre-coder states (one OFDM symbol per TX beam)
● RX: Quasi-Omni Pattern

	BS beam forming
	FR2 – 8 TX analogue beams: [-52.2 : … : 52.5], beam width 15o, DFT vectors to scan in horizontal plane

	RX Processing
	

	BS synchronization error
	FR1/ FR2: 0 ns

	Measurement selection procedure
	Earliest timing measured across TX-RX beam pairs for given link

	First Arrival Path (FAP) Timing Estimation
	FAP timing estimation based on adaptive threshold for CIR processing



Table 3. NR UL Positioning Evaluation Assumptions:
	Parameters
	FR1/FR2 Specific Values

	Signal bandwidth
	1. FR1: 100 MHz 
1. FR2: 400 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	UL PRS Physical Structure (Example)
	1. Single port
1. Density: Comb-4
1. Number of occupied symbols: 1
1. Boosting = 0dB
1. IBE – Not applicable

	TX/RX Settings 
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	1. PRS structure w/ all REs used for transmission
1. TX: No TX beam sweeping, Single TX Port, Quasi-Omni Pattern
1. RX: Two X-pol RX Ports, Quasi-Omni Pattern

	FR2
	● PRS structure w/ all REs used for transmission
● TX: No TX beam sweeping, Single TX Port, Quasi-Omni Pattern
● RX: Rx beam sweeping, 8 RX analogue pre-coder states (one OFDM symbol per RX beam), Two X-pol RX Ports

	gNB beam forming
	FR2 – 8 TX analogue beams: [-52.2 : … : 52.5], beam width 15o, DFT vectors to scan in horizontal plane

	RX Processing
	

	BS synchronization error
	FR1, FR2: 0 ns

	Measurement selection procedure
	Earliest timing measured across TX-RX beam pairs for given link

	First Arrival Path (FAP) Timing Estimation
	FAP timing estimation based on adaptive threshold for CIR processing
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