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1. Introduction
Discussions on 3D-channel modeling have now been ongoing for a couple of meetings. Decisions have been taken in various areas including modifications to NLOS path loss modeling to account for that UEs now are also assumed distributed in height. For macro links the relevant decisions so far are

· PLb for NLOS- the baseline understanding is that the following formula is considering collectively all paths seen by the UE.  Meanwhile, the application of this formula separately to the above-rooftop paths can be further investigated.

· 3D UMa PL is determined according to:
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· α is FFS, and to be chosen from 0.6, 0.9, 1.1 and 1.5 
· 3D UMa

· Height gain α = [0.6][0.9].

For micro links the decisions are less detailed 

· 3D UMi

· Alt 1:
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·  FFS height gain α 

· Alt2:

· Decrement of PL is a non-linear function of height and/or distance

· Alt3 :

· Proposal  as in R1-132100
FFS, to be decided in the next meeting, companies are encouraged to bring additional measurement or simulation results

This contribution investigates the characteristics of height and distance dependent path loss for macro and micro links based on ray tracing evaluations.
2. Ray Tracing for an Urban Environment
To investigate how NLOS path loss depends on distance and UE height, a geometric 3D model of a city was developed, corresponding to the current baseline assumption in the calibration scenarios. The city model incorporates streets/avenues as illustrated in Figure 1 and rather similar to the city of Barcelona hosting this meeting. The building height is uniformly distributed between 4 and 8 floors with a 3 m floor height. Three-sector macro base stations with an ISD of 500 m were placed on the roofs of buildings with the antenna 5 m above the roof and placed along a roof edge. Micro sites were placed 10 m above ground on building walls. UEs were dropped in the environment and ray tracing was conducted to compute channel properties for each link between each UE and each network node. 

Observation

· A synthetic geometric model of a city was generated to investigate how the height compensation term for  NLOS path loss varies with distance and UE height
[image: image3.emf]
Figure 1: Synthetically generated city with macro antennas on top of buildings (purple star) and micro antennas (green star). 
3. NLOS Path Loss for Macro Links
Statistics from the ray tracing exercise were collected and the results are displayed in Figure 2

, showing the difference between ground level path loss and the path loss at the considered UE height – the so-called the path loss height compensation term. We see that the height compensation term is a function of distance with larger compensation values at large distance than at small. For example at 200 m distance the dynamic range is around 20 dB while at 800 m distance it is around 30 dB. It is also seen that the compensation term is a non-linear function of the UE height. 
Observation

· The correction term of UE height depends both on distance and height

· The correction term should increase with increasing distance

· The dynamic range is around 25 dB at large distances and around 15- 20 dB at smaller

· The correction term is non-linear in UE height
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Figure 2: Difference between path loss at a certain UE height and the path loss for ground level for eight different floors. The path loss compensation term becomes more negative as the UE height increases.
An attempt at curve fitting resulted in a height compensation path loss term of
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To illustrate the curve fitting, Figure 3 displays height compensation both in measured and fitted forms for the two example distances 200 and 800 m. 
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Figure 3: The height compensation term compared with the curve fitting formula for two example distances.
As is evident from the introduction section, the current decision is to use a path loss compensation term that is independent of distance and is linear with respect to UE height. It would be worthwhile to change that decision to allow the compensation term to change with distance as well, which makes perfect sense considering the well-established dual route nature of propagation where the height dependent above rooftop route dominates more over the largely height independent around building route for longer distances. 
If we have to maintain the inaccurate present model then the slope should be around 1 dB/m according to the findings here. This is also rather consistent with the observation that when the UE height is close to the maximum building height, NLOS path loss should be close to LOS path loss. For larger distances beyond the break point there is with ITU path loss models a 30 dB difference between NLOS ground level path loss and LOS path loss implying that the linear compensation should be 30/24 = 1.25 dB/m. For shorter distances the difference between LOS and NLOS path loss is smaller so the compensation term may be smaller, in line with the findings herein that the compensation term is both height and distance dependent.
Proposal

· The path loss height compensation term should be a function of UE height and distance and can take on the form
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· If the compensation term really has to be linear and independent of distance then the compensation slope should be around 1 dB/m
4. NLOS Path Loss for Micro Links

Statistics from the ray tracing evaluation was also collected for the micro links to see the behavior of path loss compensation. Figure 4 shows the result in the range of 200 to 1000 m distance. Closer distances had in these evaluations problems with insufficient statistics and were thus left out.  We again see that the path loss height compensation term is non-linear and a function of both height and distance. The dynamic range of the compensation is here smaller compared with the macro case. This makes sense considering the stronger dominance of the around building propagation route which is largely height independent. 
Observation

· The correction term of UE height depends both on distance and height

· The correction term is non-linear

· For larger distance the dynamic range of the compensation is around 17 dB
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Figure 4: Difference between path loss at a certain UE height and the path loss for ground level for eight different floors. The path loss compensation term becomes more negative as the UE height increases.

An attempt at curve fitting leads to a formula for the compensation term according to
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The compensation term as a function of UE height for the two specific distances 200 and 800 m are shown in Figure 5, again confirming the above conclusions. 
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Figure 5: The height compensation term for distances of 200 (blue) and 800 m (green) compared with curve fitting.
Proposal

· The path loss height compensation term for micro links should be a function of UE height and distance with a dynamic range around 20 dB for larger distances and reduces as the distance decreases
· The compensation term can take on the form
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5. Conclusions

This contribution presented results from a ray tracing simulation to assess how the heigh compensation term for NLOS path loss varies UE height and distance. Based on observations of the ray tracing results, we propose for the macro case

· The path loss height compensation term should be a function of UE height and distance and can take on the form
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· If the compensation term really has to be linear and independent of distance then the compensation slope should be around 1 dB/m
and for the micro case

· The path loss height compensation term for micro links should be a function of UE height and distance with a dynamic range around 20 dB for larger distances and reduces as the distance decreases
· The compensation term can take on the form

[image: image13.wmf](

)

(

)

(

)

(

)

500

/

1

30

/

5

.

1

3

5

.

1

PL

UE

UE

UE

d

h

h

d,h

+

×

-

-

-

=

D


[image: image14.wmf])

5

.

1

(

)

(

)

,

(

NLOS

-

UMi

-

ITU

UT

NLOS

-

UMi

-

-

=

UT

h

d

PL

h

d

PL

a

[image: image15.png]PLiyios(dsTir) = PLip a5 (A Ty =1.5) = a(hyp —1.5)



_1438502111.unknown

_1438507052.unknown

_1438501970.unknown

