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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The revised Study Item on Positioning was agreed in 3GPP RAN#81 in Gold Coast, Australia, during September 10-13, 2018 [1]. For the evaluation of positioning accuracy, channel models are needed. During the Spokane meeting, the agreement was as follows [2]:
“
Agreement:
The existing channel models as provided in the TR 38.901 are used for NR positioning evaluation as a baseline.
· Note: Companies can provide additional results and describe modifications made for NLOS channel model
“

TR38.901 has not been designed for positioning studies. The delay of the first path (cluster) is normalized to zero. In the line-of-sight (LOS) case, the propagation delay can be calculated from the distance between the transmitter (Tx) and receiver (Rx). However, in the non-line-of-sight (NLOS) case, the propagation delay is usually longer than that calculated from the distance. Another problem with the TR38.901 is that the angle-of-arrival (AoA) and angle-of-departure (AoD) are randomly coupled, and they do not necessarily reflect the geometry.
This contribution focuses on the issues found on using TR38.901 for positioning studies.
[bookmark: OLE_LINK4][bookmark: _Ref129681832]
Discussion

In case of LOS (Figure 1), the propagation delay can accurately be calculated from the distance between the transmitter (Tx) and receiver (Rx). Similarly, the distance can be calculated from the delay. 
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[bookmark: _Ref533672249]Figure 1. LOS Propagation Delay.
In this case, the possible errors on the delay estimation are caused by the RF impairments in Rx and Tx, synchronization as well as the channel estimation. Additional error may be caused by incorrect antenna beam orientation especially in mmW frequencies.

Observation 1: The distance between transmitter and receiver can be accurately estimated from the propagation delay in LOS situations.

The angle of arrival (AoA) and angle of departure (AoD) of the LOS can be determined from the geometry of Tx and Rx (Figure 2). Similarly, the geometry (incl. device orientation) can be estimated based on the AoA and AoD. Again, the possible errors in angle estimation are related to Tx and Rx, not the propagation channel.
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[bookmark: _Ref533672278]Figure 2. LOS AoA and AoD.

Observation 2: The geometry and orientation of Tx and Rx can be estimated from the AoA and AoD information in LOS situations.

In case of NLOS (Figure 3), the direct path is blocked by a blocking object (e.g. a building), and stronger paths are received via multipath propagation. Thus the propagation delay is longer than that of the direct LOS path. (There is a special case where the direct path is just slightly attenuated, but still detectable. In that case, we can use the first path delay information for the distance estimation, but in most NLOS cases that path does not exist, i.e. is attenuated below the noise floor.)
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[bookmark: _Ref533672330]Figure 3. NLOS Propagation Delay.

Observation 3: The propagation delay is longer than that of LOS in NLOS case.
Proposal 1: Additional propagation delay needs to be modelled in NLOS case.
The question is how much longer it is. Since the nature of the TR38.901 channel model is stochastic approach, we do not model the explicit environment but random distributions of the channel model parameters (delays, angles, etc.). We do not know the exact locations and shapes of the objects blocking the LOS path, thus the additional delay should be modelled stochastically. The additional delay is marked as add = LOS·(Y) in which Y is a random variable and LOS is the delay of the direct LOS path (LOS = d / c).
There is no absolute maximum for the additional delay, but very long delays are very rare. Thus the distribution should show decreasing probability on higher delays, e.g., exponential distribution function (Figure 4).
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[bookmark: _Ref533676344]Figure 4. Distribution of Additional NLOS Delay.
The probability distribution function of Y may be written as

Where x is the scaling parameter and y is the relative additional NLOS delay (add /LOS). The expectation value of Y is 1/x. The propagation delay for NLOS channel is calculated by prop = LOS + LOS·(Y). 
The additional delay was also discussed in [6]. In that contribution, uniform distribution of additional delay was proposed. It has a hard limit on maximum delay, which may be unphysical. A third option might be using of Normal distribution.
Observation 4: There is no theoretical absolute maximum for the additional propagation delay. However, the longer the delay the lower the probability.
Proposal 2: Additional propagation delay should be modelled stochastically.
Proposal 3: The distribution of additional propagation delay should be agreed.

For parameterization of the distribution function, a number of ray tracing simulations or measurement results are needed. For that purpose, we made a quick literature survey.
Paper [3] shows up to 30% increase of the delay estimation in the case of outdoor NLOS. Another measurement [4] shows also up to 30% increase of the delay (converted to range in [m]) with an average increase of about 10% (from 5500 to 6000 m, for example). In [5], three different measurement campaigns were done in three indoor NLOS environments, and the increased delay varies between 5 to 40%.

Observation 5: Literature shows up to 30 % additional propagation delay in outdoor, and up to 40 % additional delay in indoor cases.

Proposal 4: The following model of propagation delay could be adopted in the positioning study. Other stochastic models are not precluded.
LOS:  
LOS = d / c
where 
d is the distance between transmitter and receiver [m], and
c is the velocity of light [m/s]

NLOS:
NLOS = LOS + LOS·(Y)
where 
	Y is a random variable with a probability distribution function of

where
	x is a scenario dependent scaling parameter.
The expectation value of Y is 1/ x. The parameter values are shown in Table 1.
[bookmark: _Ref533765871]Table 1. Parameter Values for Additional NLOS Delay.
	Environment
	Expectation (1/x).
	x

	Outdoor
	[0.15]
	[6.7]

	Indoor
	[0.20]
	[5.0]



TR38.901 cluster coupling is often simplified in drawings. It looks like the AoA and AoD are geometrically coupled to a single cluster. However, they are randomly coupled. A single bounce reflection/scattering is not modeled at all! It means the AoA / AoD information cannot be used for estimation of the device orientation or geometrical drawings. Thus in NLOS case, the AoA and AoD are randomized, and the model is challenging enough even without modifications. It is even more challenging than the reality due to the ignored single bounce reflections.
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Figure 5. Illustration on random coupling of clusters.

Observation 6: The random coupling of clusters AoAs and AoDs is challenging for the positioning study. There is no need to further challenge it.



Conclusion
Observation 1: The distance between transmitter and receiver can be accurately estimated from the propagation delay in LOS situations.

Observation 2: The geometry and orientation of Tx and Rx can be estimated from the AoA and AoD information in LOS situations.

Observation 3: The propagation delay is longer than that of LOS in NLOS case.

Observation 4: There is no theoretical absolute maximum for the additional propagation delay. However, the longer the delay the lower the probability.

Observation 5: Literature shows up to 30 % additional propagation delay in outdoor, and up to 40 % additional delay in indoor cases.

Observation 6: The random coupling of clusters AoAs and AoDs is challenging for the positioning study. There is no need to further challenge it.

Proposal 1: Additional propagation delay needs to be modelled in NLOS case.

Proposal 2: Additional propagation delay should be modelled stochastically.

Proposal 3: The distribution of additional propagation delay should be agreed.

Proposal 4: The following model of propagation delay could be adopted in the positioning study. Other stochastic models are not precluded.
LOS:  
LOS = d / c
where 
d is the distance between transmitter and receiver [m], and
c is the velocity of light [m/s]

NLOS:
NLOS = LOS + LOS·(Y)
where 
	Y is a random variable with a probability distribution function of

where
	x is a scenario dependent scaling parameter.
The expectation value of Y is 1/ x. The parameter values are shown in Table 1.
Table 1. Parameter Values for Additional NLOS Delay.
	Environment
	Expectation (1/x).
	x

	Outdoor
	[0.15]
	[6.7]

	Indoor
	[0.20]
	[5.0]





[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref533672901]Intel, Ericsson, “Study on NR Positioning Support”, RP-182155, 3GPP TSG RAN Meeting #81, Gold Coast, Australia, September 10-13, 2018.
[bookmark: _Ref533673814]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #95, Spokane, USA, November 12th – 16th, 2018.
[bookmark: _Ref533763352]M. P. Wylie-Green, S. S. (Peter) Wang, “Robust Range Estimation in the Presence of the Non-Line-of-Sight Error”, in Proc. IEEE 54th Vehicular Technology Conference, VTC Fall 2001.
[bookmark: _Ref533763572]M. P. Wylie, J. Holtzman, “The non-line of sight problem in mobile location estimation”, in Proc. 5th International Conference on Universal Personal Communications (ICUPC), 1996.
[bookmark: _Ref533764647]I. Sharp, K. Yu, “Indoor TOA Error Measurement, Modeling, and Analysis”, IEEE Trans. on Instrumentation and Measurement, Vol. 63, No. 9, September 2014.
[bookmark: _Ref534724232]MediaTek, “Remaining details on evaluation methodology”, R1-1812372, 3GPP TSG RAN WG1 meeting #95, Spokane, USA, November 12-16, 2018.


image3.emf
Tx Rx

Time delay 

t

> d / c [s]

Distance d [m]


image4.emf
Probability

Additional NLOS delay


image5.emf
Tx

Rx


image1.emf
Tx Rx

Time delay 

t

= d / c [s],

where c is the speed of light [m/s].

Distance d [m]


image2.emf
Tx

Rx

AoD

AoA


