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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, Rel-17 NR positioning SI was approved in [1], with the exemplary performance targets of
· Sub-meter level accuracy and 100ms latency for general commercial use cases
· Accuracy <0.2m and latency in the order of 10ms for IIoT use cases
The objective of the SI for RAN1 includes the following:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	



This contribution presents the simulation results with Rel-16 positioning techniques for the IIoT scenario specified in [2] so as to identify the performance gaps. 

Scenarios for evaluations
Five sub-scenarios are defined in TR 38.901 [3], while only four of them are calibrated for large scale parameters. The calibrated scenarios and simulation assumption are as follows:
[bookmark: _Ref39844105]Table 1 calibrated scenarios assumption in 38.901
	[bookmark: OLE_LINK1]Parameter
	Values

	Scenario
	InF-SL(Sparse-clutter, Low BS),
InF-DL(Dense-clutter, Low BS),
InF-SH(Sparse-clutter, High BS),
InF-DH(Dense-clutter, High BS)

	Hall size
	InF-SL: 120x60 m
InF-DL: 300x150 m
InF-SH: 300x150 m
InF-DH: 120x60 m

	Room height
	10 m

	Sectorization
	None

	BS antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	Handover margin (for calibration)
	0dB

	BS deployment
	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: ]
BS height = 1.5 m for InF-SL and InF-DL
BS-height = 8 m for for InF-SH and InF-DH

	UT distribution 
	uniform dropping for indoor with minimum 2D distance of 1 m
UT height = 1.5 m

	UT attachment
	Based on pathloss 

	UT noise figure
	9 dB

	Carrier frequency
	3.5 GHz, 28 GHz

	Bandwidth
	100 MHz

	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



Firstly, the LOS probability of all the above sub-scenarios are evaluated based on the calibration parameters. As shown in Figure 1 below:
 [image: cid:image002.png@01D62927.2D0E3EE0] 
[bookmark: _Ref39843865]Figure 1 The distribution of the number of LOS BS

As discussed in our companion contribution [2], scenario InF-SH is prioritized for position accuracy evaluation as shown in section 3. 
[bookmark: _Ref129681832]Evaluated cases
The following cases in Table 2 are evaluated for FR1. We will evaluate the impact of the bandwidth, precoding algorithm and super resolution measurement algorithm. Other parameters can be found in the Appendix A.
We used SVD as the upper bound to show the impact from precoding, and identify the performance gap between the upper bound and the DFT codebook based or single port codebook based precoding. 
We also used 200MHz bandwidth to show potential benefit of further extending PRS bandwidth to improve the positioning accuracy, and identify gap from using the existing maximum bandwidth of FR1, i.e. 100MHz.

[bookmark: _Ref39843770]Table 2 Evaluated parameter combinations
	Case
	Fc/BW/SCS
	Precoding assumptions
	Measurement Algorithm
	BS number used for positioning 

	Case1
	{4GHz, 100MHz, 30kHz}
	Single port 
	Regular
	7

	Case2
	{4GHz, 100MHz, 30kHz}
	Single port 
	MUSIC
	7

	Case3
	{4GHz, 200MHz, 60kHz}
	Single port 
	Regular
	7

	Case4
	{4GHz, 200MHz, 60kHz}
	Single port 
	MUSIC
	7

	Case5
	{4GHz, 100MHz, 30kHz}
	SVD
	Regular
	7

	Case6
	{4GHz, 100MHz, 30kHz}
	SVD
	MUSIC
	7

	Case7
	{4GHz, 200MHz, 60kHz}
	SVD
	Regular
	7

	Case8
	{4GHz, 200MHz, 60kHz}
	SVD
	MUSIC
	7

	Case9
	{4GHz, 100MHz, 30kHz}
	SimpleCodebook16
	Regular
	7

	Case10
	{4GHz, 100MHz, 30kHz}
	SimpleCodebook16
	MUSIC
	7

	Case11
	{4GHz, 200MHz, 60kHz}
	SimpleCodebook16
	Regular
	7

	Case12
	{4GHz, 200MHz, 60kHz}
	SimpleCodebook16
	MUSIC
	7



Simulation result
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 3. The detailed simulation results can be found in Figure 2, Figure 3 and Figure 4 in the Appendix B.
[bookmark: _Ref39843736]Table 3 CDF of DL-TDOA positioning accuracy (in unit of meter)
	
	Case 
	50%
	67%
	80%
	90%
	95%

	FR1
	Case1 {100MHz, SP, Regular}
	1.050
	1.631
	2.692
	5.364
	10.049

	
	Case2 {100MHz, SP, Music}
	0.123
	0.304
	1.200
	5.441
	12.855

	
	Case3 {200MHz, SP, Regular}
	0.542
	0.802
	1.468
	3.259
	7.095

	
	Case4 {200MHz, SP, Music}
	0.035
	0.091
	0.450
	2.925
	7.628

	
	Case5 {100MHz, SVD, Regular}
	0.962
	1.307
	1.881
	3.234
	5.013

	
	Case6 {100MHz, SVD, Music}
	0.050
	0.078
	0.136
	0.295
	0.598

	
	Case7 {200MHz, SVD, Regular}
	0.500
	0.668
	1.014
	1.835
	3.002

	
	Case8 {200MHz, SVD, Music}
	0.020
	0.031
	0.051
	0.112
	0.248

	
	Case9 {100MHz, CB16, Regular}
	0.968
	1.364
	2.024
	3.380
	5.321

	
	Case10 {100MHz, CB16, Music}
	0.059
	0.104
	0.220
	0.584
	1.727

	
	Case11 {200MHz, CB16, Regular}
	0.502
	0.692
	1.062
	1.906
	3.230

	
	Case12 {200MHz, CB16, Music}
	0.062
	0.103
	0.200
	0.487
	1.349



It is observed that the upper bound performance using SVD and 200MHz bandwidth among cases is 0.11m@90% (case8).

Comparing with bandwidths (100MHz, and 200MHz), we have the following observation.
Observation 1: Bandwidth is still an important factor affecting positioning accuracy.
· When the bandwidth is doubled, the corresponding positioning error is reduced by almost half.

Comparing with precoding algorithms (single port precoder, DFT precoder, and SVD precoder), we have the following observation.
Observation 2: The beamforming of the transmitted signal can further improve the positioning accuracy, but the gain is limited for non-MUSIC algorithm (case 1, case 5, and case 9).

Comparing with TOA estimate algorithms (regular, and MUSIC), we have the following observation.
Observation 3: Super resolution algorithms (e.g., MUSIC) can greatly improve positioning accuracy at least for beamformed procoder (case 5 and case 6, case 9 and case 10).

Overall, using precoding of single port or DFT precoder with 100MHz bandwidth, we have the following observation for achievable positioning accuracy using Rel-16 DL-TDOA positioning method.
Observation 4: Rel-16 DL-TDOA with 100MHz@FR1 can achieve 0.58m@90% in case10. The performance gap to the target performance [0.2-0.5m]@90% is derived accordingly.

Conclusion
Based on the simulation results and the discussion, we have the following observations:
Observation 1: Bandwidth is still an important factor affecting positioning accuracy.
· When the bandwidth is doubled, the corresponding positioning error is reduced by almost half.
Observation 2: The beamforming of the transmitted signal can further improve the positioning accuracy, but the gain is limited for non-MUSIC algorithm (case 1, case 5, and case 9).
Observation 3: Super resolution algorithms (e.g., MUSIC) can greatly improve positioning accuracy at least for beamformed procoder (case 5 and case 6, case 9 and case 10).
Observation 4: Rel-16 DL-TDOA with 100MHz@FR1 can achieve 0.58m@90% in case10. The performance gap to the target performance [0.2-0.5m]@90% is derived accordingly.
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Appendix A
The common parameters can be found in Table 4. The other unlisted deployment parameters can refer to Table 1.
Table 4 
[bookmark: _Ref39844110]Table 4 Common parameter
	[bookmark: OLE_LINK92]Parameter
	value

	Channel model (baseline, otherwise state any modifications)
	38.901

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ– Note 1

	gNB antenna radiation pattern
	Single sector– Note 1

	Total gNB TX power, dBm
	24dBm

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

	Min gNB-UE distance (2D), m
	1m

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

	UE antenna radiation pattern 
	Omni, 0dBi

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-6 

	Reference signal 
	PRS: Gold, 1-port

	Number of symbols used per occasion
	14

	number of occasions used per positioning estimate
	4

	Power-boosting level
	7.8dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	OTDOA, 2WLS

	Network synchronization assumptions
	No sync error

	Note 1: According to 3GPP TR 38.802.



Appendix B
The detailed simulation results are as follows:
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[bookmark: _Ref39844288]Figure 2 The CDF for positioning error when precoding assumption is Single port
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[bookmark: _Ref39844295]Figure 3 The CDF for positioning error when precoding assumption is SVD
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[bookmark: _Ref39844318]Figure 4 The CDF for positioning error when precoding assumption is Codebook
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