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[bookmark: _Ref408846065][bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed at RAN#86 to study NR positioning Enhancements [1]. Firstly, it is planned to define additional scenarios based on TR 38.901 to evaluate the performance for use cases with (I)IOT being the prominent example for scenario as well as use case. . The objective of the new SID in [1] includes:
	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]	




For InF applications, the reliability of a positioning system may become an important performance parameter. The reliability depends highly on the number of available links with low ToA errors. This can be either optimized by careful planning of the TRP position and/or by minimizing the ToA error also for critical propagation conditions. 
The optimization of the network is an implementation issue and not in the scope of the RAN1 standardization. But the technologies supported by RAN1 may have a high impact on the feasible ToA-estimator accuracy. To better distinguish between the implementation dependent effects and the performance of the RAN1 core technologies, we propose complementary evaluation of the simulation results with minimal impact to the system level simulations. 
In this contribution we address two issues
· Absolute time-of-arrival model 
· Impact of K-Factor
Considerations for NR Positioning Evaluation
The positioning accuracy depends mainly on the following parameters:
1. For NLOS links: Absolute time of arrival of the first path
2. Probability of LOS condition: 
3. Impact of geometry: 
4. ToA estimator accuracy: 

If the number of LOS links is not sufficient the error introduced by the absolute time of arrival model dominates the positioning error. Furthermore, we propose the extraction of complementary error statistics from the baseline simulations to allow RAN1 better evaluate the core technologies. With the limited time available for the SI, we don’t expect that the impact of all parameters can be studied. Therefore, we propose to consider additional analysis of the simulation results to derive beside the positioning accuracy also other key performance data to study the impact parameters which can be influenced by network planning. Deployments (TRP positions, number of TRPs, etc.) can be optimized according to the positioning requirements. Therefore, the overall position accuracy statistics derived from simulations feasible in the remaining time frame of the SI may be misleading. Without optimizing the setup and careful justification of the applicable channel parameter the results may be 
· either optimistic, if mainly LOS with good propagation conditions are used
· or pessimistic depending on the number of LOS links is not sufficient and the absolute-time-of arrival model according to TR38.901. 
The optimization of the deployment is mainly an implementation issue. Therefore, it is sufficient if we derive complementary KPIs (key performance indicator) describing the dependencies of the position accuracy as a function of the channel conditions. The positioning service provider can take these functions into account for the trade-off network complexity and position accuracy. 

Impact of Channel Parameter on ToA Error
Absolute Time-of-arrival Model 
The main parameter of the absolute time-of-arrival model are given in Table 7.6.9-1 of TR38.901
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The median value of the resulting delay is app. 31 ns. The additional delay for the first path, if no direct path exists (NLOS) is identical for all sub-scenarios and is independent from TRP height, UE height, clutter density, UETRP distance, etc. 
To demonstrate the impact of this model we compared for the InF channel parameters the ToA-error statistics with and without absolute time of arrival model.  

We made a first evaluation of the impact of the absolute time-of-arrival model assuming an ideal ToA-estimator able to detect the first path with no error. Depending on the positioning algorithm and the number of anchors (TRPs) used the resulting position accuracy depends mainly on the parameter of the first time-of-arrival model. The given examples for an InF scenario are based on: 
· ISD-grid 20mx20m(4, 6 or 12 TRPs are used for positioning)
· TRP height random between 4m and 10m 
· LOS probability 75% (independent from TRP height and distance), LOS probability for the links uncorrelated.  
· Dropping in inner area only (artifacts from non-ideal geometry are not considered)
· TDOA Position algorithm can provide a 3D position, but 2D error is used for the plots 

Beside the nominal value  we used also  and The position error was evaluated in the inner area only (TRPs around the positioning area). The results depicted in Figure 2 show:
· Using the  the median value of the position error is as expected in the range 10m. 
· With  (additional path length of the first arrival path is 1m. We consider this as a value that may represent diffraction effects or scenarios with OLOS (obstructed LOS)) a significant gain can be achieved if more anchors are used

Figure 1 shows: 
· For 4 gNBs: 
· With 75% LOS probability the probability that 4 links are in LOS state is app. 31%. If all links are in LOS state the position error is very small.
· If at least 1 link is in NLOS state the ToA error introduced by the absolute-time-of-arrival model dominates the positioning error and the median value of the position error is even higher than the 10m resulting from the median value of the absolute-time-of-arrival model. 
· If more gNBs are used the performance depends highly on the signal quality estimation (e.g. LOS/NLOS detection). In the example no LOS detection was used and no further signal quality was provided to the algorithms 
· If 4 or more links are available with LOS the low quality of the NLOS links impairs the measurements with the high quality if no further quality indicator is provided. 
· Due to redundancy the probability of high errors is reduced. 

[image: ]
Figure 1: Position error assuming ideal ToA estimator, ToA error according to absolute-time-of-arrival model, 75% LOS probability per link

Figure 2 shows the impact of the parameter  to the position error assuming 4 gNBs
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Figure 2: Position error NLOS assuming ideal ToA estimator, different parameters settings for the absolute-time-of-arrival model

Observation 1: 	The absolute time-of-arrival model of TR38.901 dominates the ToA estimation accuracy for NLOS conditions. If the number of LOS links is not sufficient, a position accuracy of app. 10 m may result. This error is nearly independent from the air interface parameters.

ToA expected error for the LOS and NLOS InF default scenarios 
To show the additional error resulting from the ToA estimator in case of multipath propagation based on the InF models we used a simple ToA estimator to demonstrate that this ToA estimator will provide already good performance. 
For the ToA estimation error for the plot given in Figure 3 through Figure 6, the following algorithm is used:
· The measured CIR (correlator output) is normalized to power 1.
· The magnitude value is calculated (absolute value of the complex valued correlator output oversampling to a frequency of 1 GHz).
· The first peak exceeding the threshold (i.e. 0.3 relative to the peak value) represents the ToA estimate.
· The results are generated without interference and typically high SNR

[image: all_scenario]
[bookmark: _Ref31380205]Figure 3: TOA error in FR2 with 400MHz BW from the measured CIR according to TR38.901 default parameters (with absolute TOA model)
[image: all_scenarios]
[bookmark: _Ref40370286]Figure 4: TOA error in FR1 with 100MHz BW from the measured CIR according to TR38.901 default parameters (with absolute TOA model)
Figure 3 and Figure 4 show:  
· As expected, for NLOS channels the median value of the ToA error is 31ns.
· All sub-scenarios (SL, DL, SH, DH) show the same characteristics.
· Compared to the error of NLOS, the error for LOS is marginal.  
Switching off the absolute time-of-arrival model (or subtract the offset resulting from it) the impact of the multipath components and the jitter caused by the simple ToA estimator can be observed. Figure 5 and Figure 6 show: 
· If the delay resulting from the absolute time-of-arrival model is removed, the statistical properties of LOS and NLOS are (nearly) identical.
· For FR2 (28GHz), the error results mainly from the 1ns stepsize of the ToA-Estimator.
· For FR1 (3.5GHz), some early detections (negative ToA-Errors) are observed. If the bandwidth limited signal is resampled to higher sampling frequency, the resulting correlation function includes some sidelobes. The threshold based ToA estimator may detect this as an “early path”. This is an implementation issue of the ToA estimator to demonstrate the impact of the ToA-Estimator algorithm. 
 
[image: all_scenarios]
[bookmark: _Ref40370417]Figure 5- TOA error in FR2 with 400MHz BW from the measured CIR according to TR38.901 default parameters (without absolute TOA model)

[image: all_scenarios]
[bookmark: _Ref40358628]Figure 6: TOA error in FR1 with 100MHz BW from the measured CIR according to TR38.901 default parameters (without absolute TOA model)

Observation 2: 	The absolute time-of-arrival model does not differentiate between the different InF NLOS scenarios. The statistical properties may be dependent on deployment scenarios and environment characteristics.

Impact of K-Factor 
For channels with a LOS component, the first path of the CIR is simulated as a specular component. The K-factor covers the power ratio of this first path to the remaining components resulting from multipath propagation. For positioning, the first path represents the true distance. The power (relative to the remaining multipath components and noise) of this first path is the key parameter for the positioning error. The K-factor is therefore an important parameter for the resulting positioning accuracy. The 3GPP models described in TR38.901 use a statistical model for the instantaneous value of the K-factor. The parameters for InF-LOS are K = 7dB and K = 8dB. The resulting cumulative probability density function (CDF) of the instantaneous value of the K-factor are depicted Figure 7. The plot includes also the resulting CDF for alternative settings of K and K (in the legend denoted as “KF” and “sigma”). For NLOS channels, a pseudo K-factor can be calculated considering the first tap of the CIR as a reference. The “pseudo K-factor” for InF_NLOS_DH is included in Figure 7 for information. 
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[bookmark: _Ref40351058]Figure 7: Statistical properties of the K-factor 
A conditional probability density function (PDF) for the ToA error can be generated using the instantaneous K-factor as a selection criterion. An example for the ToA error statistics for different K-factors (instantaneous value) is given in Figure 8. According to Figure 7, the probability of a K-factor < -3dB is app. 10% for InF_LOS. Taking into account that several links are required for positioning and the worst link dominates the positioning accuracy if no further redundancy is available (e.g., the minimum number of TRPs is used) effects with 10% probability per link have already a high impact on the positioning accuracy. For TDOA with 3D positioning, 4 links are required. If statistically independent links are assumed, the probability that all links have a K-factor better than -3dB is only 0.94 = 65%. Therefore, it is essential to also take these events into account, even if they occur with low probability per link. To reduce the simulation effort, a detailed analysis of the ToA estimator output is recommended complementary to the overall position accuracy.  
From the CDF given in Figure 8, two key performance indicators (KPIs) can be derived. It is proposed to use the median value “CDF50%” and the “CDF90” for the characterization. 
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[bookmark: _Ref40357679]Figure 8: ToA error statistics for different K-factors

If the KPIs of the ToA-Estimator are further characterized versus channel parameters it is possible to identify scenarios in which enhancements provide a significant gain or to extrapolate the simulation results to other scenarios. Studying the performance versus K-factor is, for example, an efficient method to study the impact of antenna pattern. A UE orientation dependent gain for the LOS component is equivalent to a higher variation of the K-Factor. 
The impact of the K-factor is further depicted in the following figures. The plots are generated with a simulation setup using the following parameters: 
· 50MHz bandwidth
· SRS with COMB = 4, 2 OFDM symbols, staggering
· Random Dropping 
· For each plot 40000 CIRs and related ToA-error estimator are generated 
· 1000 uncorrelated positions (distance > de-correlation distance of the LSF or regeneration of the LSF parameter)
· For each position 40 snapshots along a short track are generated. The distance between the snapshots was 10cm 
· One link is evaluated only. The models defined by TR38.901 does not consider correlation of the links, if different TRP positions apply. Therefore, a setup with one TRP is sufficient for ToA-error statistics. This allows to use an ideal power control to separate effects from the multipath propagation from SINR. 
· “ideal power control” (= constant SNR if pathloss does not exceed the power control range) and  no interference
· 4 different channel model parameters are selected 
· InF_LOS
· InF_NLOS_DH
· InF_LOS with modified K and K values for the K-Factor (2 sets)
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[bookmark: _Ref40452498]Figure 9: ToA error versus K-Factor: median value (left) and CDF=90% value (right)

Figure 9 shows that that the ToA accuarcy depends mainly on the K-factor. In principle this statistic can be derived using the InF_LOS model according to TR38.901. But the probability of low K-factors is very low. Hence, very long simulations are required or the statistical results are not reliable. We recommended to extract the data running simulations with different settings. To study the impact of the K-factor for a wider range we propose the following settings for K and K 
· K = 7dB and K = 8dB  (nominal setting for InF_LOS)
· K = 0dB and K = 3dB  (focus on range -3dB to +3dB)
· K = -6dB and K = 3dB  (focus on range -9dB to -3dB)

Proposal 1: 	Characterize the positioning technologies versus channel parameters. At least the following complementary analysis shall be derived from the simulations: 
· ToA estimator accuracy relative to the delay introduced by the absolute time of arrival model
· ToA estimator accuracy versus K-factor.

Interference
The interference shall be included in the simulation assumptions in Rel-17. To minimize the simulation effort, it may be sufficient to characterize the sensitivity to interference at link level (one TRPUE link is considered only and the interference level is adjusted accordingly). Two types of interference shall be distinguished:
· [bookmark: _GoBack]Uncorrelated interference (e.g. interference from data to positioning reference signal). In this case the interference can be modelled as noise 
· Interference from other PRS (UTDOA: Interference from UEs using the same REs for SRS, OTDOA: Interference from other TRP)

Proposal 2: 	Consider interference for Rel-17 NR positioning including interference from other positioning RSs and uncorrelated interference.

Conclusions 

Observation 1: 	The absolute time-of-arrival model of TR38.901 dominates the ToA estimation accuracy for NLOS conditions. If the number of LOS links is not sufficient, a position accuracy of app. 10 m may result. This error is nearly independent from the air interface parameters.

Observation 2: 	The absolute time-of-arrival model does not differentiate between the different InF NLOS scenarios. The statistical properties may be dependent on deployment scenarios and environment characteristics.

Proposal 1: 	Characterize the positioning technologies versus channel parameters. At least the following complementary analysis shall be derived from the simulations: 
· ToA estimator accuracy relative to the delay introduced by the absolute time of arrival model
· ToA estimator accuracy versus K-factor.

Proposal 2: 	Consider interference for Rel-17 NR positioning evaluation which includes interference from other positioning RSs and uncorrelated interference.


References
1. [bookmark: _Ref524868549][bookmark: _Ref28076734]RP-193237, “New SID on NR Positioning Enhancements”, Qualcomm Incorporated, Sitges, Spain, December 9th – 12th, 2019. 

image3.emf
0.8

0.6

0.4

0.2

2D position error for different time of arrival models (4 gNBs)

mu =-8.5
mu = -8
mu =-7.5
| | | | | | | |
4 6 8 10 12 14 16 18 20

2D position error [m]









0 2 4 6 8 10 12 14 16 18 20

2D position error [m]

0

0.2

0.4

0.6

0.8

1

2D position error for different time of arrival models (4 gNBs)

mu = -8.5

mu = -8

mu = -7.5


image4.png
InF TOA error CDF @ 28 GHz | Abs. TOA enabled

03} g
——— InF LOS
02b InF-SL NLOS | |
InF-DL NLOS
o1k InF-SH NLOS | |
: InF-DH NLOS
0 | | | | |
0 50 100 150 200 250 300

TOA error [ns]




image5.png
InF TOA error CDF @ 3.5 GHz | Abs. TOA enabled

-

03[
——InFLOS
02 InF-SLNLOS
InF-DL NLOS
04 InF-SH NLOS
: InF-DH NLOS
0 . . . .
0 50 100 150 200

TOA error [ns]




image6.png
InF TOA error CDF @ 28 GHz | Abs. TOA disabled

e INF LOS

InF-SL NLOS
InF-DL NLOS
InF-SH NLOS
InF-DH NLOS

-05 0 0.5
TOA error [ns]





image7.png
InF TOA error CDF @ 3.5 GHz | Abs. TOA disabled

e INF LOS

InF-SL NLOS
InF-DL NLOS
InF-SH NLOS

InF-DH NLOS

TOA error [ns]

5 10

15




image8.emf
Instantaneous K-factor CDF

0.9+

0.8 -

0.2 -

0.1+

e [NF LOS

e [NF LOS KF=0dB, sigma 3dB

InF LOS KF=-6dB, sigma 3dB
InF NLOS_DH

-20

-10 0
KF [dB]

10

20

30









-30 -20 -10 0 10 20 30

KF [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

(

K

F

)

 

<

 

x

Instantaneous K-factor CDF

InF LOS

InF LOS KF=0dB, sigma 3dB

InF LOS KF=-6dB, sigma 3dB

InF NLOS_DH


image9.emf
ToA error CDF
T T

................... i Median Value
(CDF50)










0 5 10 15 20 25 30 35 40 45 50

abs(ToA error) [ns]

0

0.2

0.4

0.6

0.8

1

ToA error CDF

KF = 7

KF = -3

CDF90

Median Value 

(CDF50)


image10.emf
median value abs(Toa Error) [ns]

3.5

=
o

[En

0.5

Median value of the Toa-Error versus K-factor

e [NF LOS

InF LOS KF=0dB, sigma 3dB
InF LOS KF=-6dB, sigma 3dB
InF NLOS_DH -

KF [dB]









-5 0 5 10 15 20

KF [dB]

0

0.5

1

1.5

2

2.5

3

3.5

m

e

d

i

a

n

 

v

a

l

u

e

 

a

b

s

(

T

o

a

 

E

r

r

o

r

)

 

[

n

s

]

Median value of the Toa-Error versus K-factor

InF LOS

InF LOS KF=0dB, sigma 3dB

InF LOS KF=-6dB, sigma 3dB

InF NLOS_DH


image11.emf
CDF90 value abs(Toa Error) [ns]

10

CDF90 value of the Toa-Error versus K-factor

e [NF LOS

InF LOS KF=0dB, sigma 3dB
InF LOS KF=-6dB, sigma 3dB
InF NLOS_DH

KF [dB]









-5 0 5 10 15 20

KF [dB]

0

1

2

3

4

5

6

7

8

9

10

C

D

F

9

0

 

v

a

l

u

e

 

a

b

s

(

T

o

a

 

E

r

r

o

r

)

 

[

n

s

]

CDF90 value of the Toa-Error versus K-factor

InF LOS

InF LOS KF=0dB, sigma 3dB

InF LOS KF=-6dB, sigma 3dB

InF NLOS_DH


image1.emf
Table 7.6.9-1: Parameters for the absolute time of arrival model

Scenarios InF-SL, InF-DL InF-SH, InF-DH
Higae -7.5 -7.5
At = At/1
lgAt = log,o(AT/15) Gl 04 02
Correlation distance in the horizontal 6 11

plane [m]
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