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1. Introduction
Based on the way forward in [10] , last meeting involved agreeing on a minimum set of areas in which to focus our 3D-channel modeling efforts:
· Models should be studied for

· UE height dependent LOS/NLOS probability

· clutter height could be considered as part of modeling

· UE height dependent path-loss

· UE height dependent elevation angles of departure

· Including studying the height and/or distance dependence of angular spread

· Which models to introduce is FFS

This contribution attempts to address the first part about LOS models for 3D-channels. The agreement does not include any details on how to model LOS, but an email discussion on the reflector immediately after the meeting also touched upon the topic of LOS modeling. As will be evident in subsequent sections, our proposals we make herein are in part extensions of our earlier proposals in [11] and are in line with the conclusions from the mentioned email discussion.
2. Modeling of LOS/NLOS

To investigate how LOS/NLOS state depends on 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 and with a building height uniformly distributed between 15 and 25 m. The average building height is thus 20 m, which matches well to the building height assumed in the existing UMa/UMi models. Base stations were placed at building corners; macros 5 m above rooftops and micros 10 m above ground and a total of 125 base station locations were used. Again note that all these heights match the UMa and UMi assumptions quite well. 
Observation

· A synthetic geometric model of a city was generated to investigate how LOS/NLOS state varies with UE height

In this synthetically created model of a city, UEs were placed at building facades. The LOS/NLOS state for each UE was then determined purely from geometrical considerations using ray tracing, although the ray tracing is in this case much simpler than usual since it only involves determining whether any buildings collide with a straight line going from the base station to the UE so there are no modeling errors to consider unlike general ray tracing. For the special case of LOS determination, ray tracing is actually a highly suitable method that in many ways is preferable over real measurements, which typically can only collect quite limited data. This should however not be interpreted as that ray tracing can replace measurements in general to conclude on channel properties in NLOS conditions. In fact, ray tracing techniques are known to have problems with modeling basic phenomena such as diffractions in an accurate manner and quite easily lead to non-physical results. This is not the case for determining LOS/NLOS state which is a simple and purely geometric exercise.


[image: image1]
Figure 1: Synthetically generated city with the UEs on the building facade in LOS to the base station (marked with a star) are marked with red dots.
Observation
· Ray tracing based techniques were used to determine whether a UE is in LOS or not

· Ray tracing for LOS determination is preferred over measurements because of possibility to generate sufficient amount of data

· Ray tracing does not in general replace measurements since ray tracing is known to be plagued by problems to model important phenomena such as diffraction

A picture of the generated city is shown in Figure 1. One of the macro base stations is there marked with a star and the UEs that are in LOS with that base station are marked with red dots. Clearly, and as expected, it is seen that UEs high up in the buildings have a much greater chance in being in LOS conditions than for UEs closer to ground level. This was also observed in [12] . 
The strong height dependence of the LOS model is further verified by collecting all the realizations of LOS/NLOS state and based on those compute the probability for a UE at a certain distance and height to be in LOS. The results are shown in Figure 2 for macros and micros respectively. It is seen that for micros there is not much of height dependence, which is to be expected for the considered type of city architecture with rather similar building heights. It is also seen that the current LOS probability function for UMi is well-matched to the computed LOS probabilities. Inspecting the left graph reveals a clear height dependence for the macro base stations and it also seen that current LOS probability function for UMa 
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is accurate in predicting the LOS probability for UE on ground level, again confirming the validity in the assumed city architecture. However, the UMa LOS probability function fails in accurately representing the correct LOS probability for UE heights above around 13 m. The error in the model is substantial and for many of the UE heights beyond 100 m the error is above 50%. 
Observation

· LOS probability for above rooftop macros has a clear height dependence not captured by the existing UMA LOS probability function

· LOS probability for below rooftop micros shows good match with the existing height independent UMi LOS probability function
Proposal

· LOS probability function for UMa needs to be modified taking UE height into account
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Figure 2: Computed LOS probability as function of distance for a number of different UE heights. Left graph is for macros and right graph for micros.

Curve fitting techniques applied to the computed probability curves in Figure 2 were employed to try to come up with an analytical expression of a more accurate LOS probability function. This resulted in the following formula
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which introduces a slight modification to the formula by means of the height compensation term 
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. This modified LOS probability function corresponds to the dotted curves in Figure 3 and is seen to provide a quite good match.
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Figure 3: LOS probability as a function of distance and for different UE heights. Dotted curves correspond to proposed modification of the LOS probability function.

Proposal
· Consider adopting the above modification for introducing UE height dependency to the LOS probability function for UMa in a baseline scenario with 20 m average building height
· LOS probability for UMi is not UE height dependent
3. LOS Modeling and NLOS Path Loss

During the discussions on 3D-channel modeling it has been occasionally questioned whether height dependent LOS probability needs to be introduced if the NLOS path loss (as previously agreed, at least for UMa) anyway is height dependent and tends to LOS path loss for sufficiently high UE heights. 

To understand that height dependent LOS probability is indeed needed, first note that the NLOS path loss formula is only supposed to be applied when the link is not in LOS. This helps in making the channel modeling more accurate since the NLOS path loss is a rather rough approximation, especially for shorter distances or with the currently agreed height dependence. Probability based LOS modeling, on the other hand, can be modeled very accurately for a given city architecture by simple and accurate ray tracing techniques. Thus, it is beneficial if height dependent LOS is determined separately and used to replace the NLOS path loss with its LOS counterpart whenever possible.
Note also from Figure 3 that the excess LOS probability beyond the LOS probability for ground level UEs is distance dependent and is basically zero for small distances. In contrast, the height dependent NLOS macro path loss is often capped by LOS for small distances which if interpreted as implying a LOS state would falsely mean that the LOS probability is higher than the ground level LOS probability, contradicting the accurate ray tracing results.

Observation

· NLOS path loss formula only to be applied when the link is not in LOS, otherwise LOS path loss formula should be applied

· Thus there is no “double counting”

· Exploiting a height dependent LOS probability concept to determine when to switch to a LOS path loss formula helps in overcoming issues with the less accurate NLOS path loss formulas.

· Since LOS probability can be computed very accurately for a given city architecture and the LOS path loss tends to be easier to determine accurately than height dependent NLOS path loss

· Beneficial if the more accurate LOS path loss replaces the less accurate NLOS path loss whenever possible
It is true that the NLOS path loss formula activates the LOS path loss cap quite often for smaller distances. This should however be viewed as an approximation for the case when the UE is close to LOS but not quite LOS. In particular, it doesn’t mean that the UE is in LOS.

Observation

· The link should not be interpreted to be in LOS just because the NLOS path loss sometimes takes on the same value as LOS path loss

· This should instead be viewed as an approximation of the NLOS path loss to a near LOS situation

Further note that the LOS/NLOS state variable affects other large scale parameters and also the channel coefficient generation formula. Thus, that the level of NLOS path loss for certain shorter distances and UE heights becomes equal to the LOS path loss doesn’t mean that the link is in LOS conditions with all the resulting implications to large scale parameters and channel coefficient generation. We thus conclude that introducing height dependent LOS probability is still needed despite the introduction of height dependent NLOS path loss.

Observation

· The LOS/NLOS state affects not only which path loss formula to use but also other large scale parameters and the terms in the channel coefficient formula

4. LOS Path Loss and Break Point Distance
As evident from email discussions following RAN1 #72bis meeting, care needs to be taken in using the existing path loss formula for LOS when the UE is significantly above ground level. An issue is how to determine the breakpoint distance. The breakpoint distance is heavily influenced by the so-called effective environment height, which is a height in which a reflection of the transmitted signal is assumed to occur, thereby interfering with the signal in the LOS direction and increasing the path loss exponent from two (free space propagation) to roughly four. 
For UEs on ground level, the effective environment height is presently set to 1 m. Keeping the same effective environment height while increasing the UE height means the breakpoint distance increases substantially. However, when the UE is sufficiently high up, the breakpoint distance may instead be due to reflections on the rooftops of buildings rather than ground reflections and in such a case the break point distance would be substantially shorter than if ground level reflections would always be assumed.
Observation

· Effective environment height determining LOS breakpoint distance is currently fixed at 1 m corresponding to a ground level reflection
· As UE height increases, it becomes more probable that breakpoint distance is determined by a reflection on a rooftop rather than on ground level

· Always keeping the effective environment height to a fixed value like 1 m regardless of UE height is not realistic and leads to an exaggeration of breakpoint distances
The reasoning so far indicates that there are roughly two different levels of effective environment height, one on ground level at 1 m and another somewhere on rooftops. Which of the two levels of environment height to choose for a particular link depends on whether the LOS propagation route is above streets or above buildings. For a LOS route above streets, 1 m effective environment height is reasonable while for a LOS route above buildings using an effective environment height similar to building heights make sense. 
A UE that is below the minimum building height will only experience the above streets LOS route. A model can be developed that stochastically selects one of the LOS routes by noticing that the probability of experiencing a LOS route above buildings can be obtained as
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since the probability of LOS when UE is on ground level is due to that the LOS route is above streets. If the stochastic selection of LOS routes results in an above buildings route then the reflection is assumed to come from the rooftop of a building with a height lower than the UE height. The building height and hence the effective environment height can be modeled as a uniform distribution of floors from the minimum building height of four floors (in the agreed calibration scenarios) up to the maximum building height lower than the UE height, i.e.,
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The model can now be summarized by the following proposal.

Proposal

· Determine effective environment height for LOS path loss according to:

· Stochastically select between LOS route above buildings or above streets based on the probability 
[image: image9.wmf][

]

buildings

 

above

 

route

 

LOS

Pr


· If LOS route is above streets, then use an effective environment height of 1 m

· If LOS route is above buildings, then determine effective environment height as 
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5. Conclusions

This contribution discussed ways to model LOS for 3D-channels. Based on the discussions and analysis we observe and propose as follows:

Height dependent LOS probability

Observations

· LOS probability for above rooftop macros has a clear height dependence not captured by the existing UMA LOS probability function

· LOS probability for below rooftop micros shows good match with the existing height independent UMi LOS probability function
Proposals

· LOS probability function for UMa needs to be modified taking UE height into account

· Consider adopting the above modification for introducing UE height dependency to the LOS probability function for UMa in a baseline scenario with 20 m average building height
· LOS probability for UMi is not UE height dependent
LOS Modeling and NLOS path loss
Observations

· NLOS path loss formula only to be applied when the link is not in LOS, otherwise LOS path loss formula should be applied

· There is thus no “double counting”

· Exploiting a height dependent LOS probability concept to determine when to switch to a LOS path loss formula helps in overcoming issues with the less accurate NLOS path loss formulas.

· Since LOS probability can be computed very accurately for a given city architecture and the LOS path loss tends to be easier to determine accurately than height dependent NLOS path loss

· Beneficial if the more accurate LOS path loss replaces the less accurate NLOS path loss whenever possible

· The link should not be interpreted to be in LOS just because the NLOS path loss sometimes takes on the same value as LOS path loss

· This should instead be viewed as an approximation of the NLOS path loss to a near LOS situation
· The LOS/NLOS state affects not only which path loss formula to use but also other large scale parameters and the terms in the channel coefficient formula

LOS path loss and break point distance
Observations

· Effective environment height determining LOS breakpoint distance is currently fixed at 1 m corresponding to a ground level reflection

· As UE height increases, it becomes more probable that breakpoint distance is determined by a reflection on a rooftop rather than on ground level
· Always keeping the effective environment height to a fixed value like 1 m regardless of UE height is not realistic and leads to an exaggeration of breakpoint distances

Proposals
· Determine effective environment height for LOS path loss according to:

· Stochastically select between LOS route above buildings or above streets based on the probability 
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· If LOS route is above streets, then use an effective environment height of 1 m

· If LOS route is above buildings, then determine effective environment height as 
[image: image12.wmf]ë

û

(

)

3

3

/

,

12

U

×

UT

h


6. References

[1]  TR36.814  V9.0.0, “Further advancements for E-UTRA physical layer aspects”, 3GPP.
[2]  R1-122034, “Study on 3D-Channel Model for Elevation Beamforming and FD-MIMO Studies for LTE”.

[3]  R1-111436, “Channel Modeling Considerations for Vertical Beamforming”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent.
[4]  J. Medbo, H. Asplund, J.-E. Berg, N. Jaldén, “Directional Channel Characteristics in Elevation and Azimuth at an Urban Macrocell Base Station”, in Proc of 6th European Conference on Antennas and Propagation (EuCAP 2012), Prague, Czech Republic, March 2012.
[5]  R1-131334, “Important Channel Characteristics Needing Extended Models”, Ericsson, ST-Ericsson. 
[6]  R1-131336, “Scenarios for 3D-Channel Modeling”, Ericsson, ST-Ericsson.

[7]  R1-130490, “Simulation Assumptions for Rel-12 Small Cell Studies”, Nokia Siemens Networks, Nokia.

[8]  F. Frederiksen et al, “Prediction of path loss in environments with high-raised buildings”, in Proc. of VTC 2000 fall conference.

[9]  R1-130591, “Channel Models for Indoor Small Cells”, Qualcomm.

[10]  R1-131760, “Way Forward on 3D-Channel Modeling”, Ericsson, ST-Ericsson, CATT, CMCC, InterDigital, KDDI, Motorola Mobility, Orange, New Postcom, ZTE, Renesas, Qualcomm, Broadcomm, AT&T, DT, TelecomItalia, Texas Instruments.
[11]  R1-131335, “3D-Channel Modeling Extensions”, Ericsson, ST-Ericsson.

[12]  R1-131070, “Views on Extension of Channel Models to 3D”, ZTE.









[image: image13.png]


_1426619173.unknown

_1429698775.unknown

_1429698932.unknown

_1429698996.unknown

_1426706853.unknown

_1429542330.unknown

_1426618211.unknown

