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1. Introduction & Background
There have been discussions on modeling of small scale parameters for high rise scenarios. One major discussion point is that if far scatter cluster (FSC) models should be applied. In this contribution we provide our views to this topic.
2. Discussions and Measurments on Excess Delay
The main feature of FSC is excess delay, which corresponds to a remote scatterer. According to 25.996, the FSC includes two kinds of paths : typical paths and remote paths. The remote paths are introduced by remote scatterers which is at least 500m away from BS. The power of remote path is similar to the weakest typical path (but with certain additional attenuation due to additional progagations). 
According to the above discussion, the typical power of remote path is small compared to typical paths. On the other hand, if the delay of remote path is more than CP, it would have a severe impact on overall system performance due to inter-symbol-interference. If the delay is more than CP, it means that the remote scatterer would be at least 1or 2 kms away from the BS.
In this section we discuss if excess delay exists in high rise scenario.
2.1. Discussion on existence of excess delay
In general there are several conditions for the existence of excess delay, including 1) low carrier frequency, 2) sparse building density, and 3) large cell radius. We can discuss them one by one.
First condition is low carrier frequency. If the carrier frequency is high, even the free space propagation from BS to remote scatterer (and then from remote scatterer to UE) would cause much attenuation, and the remote path would be too weak.  Please note that the remote scatterer has to be far (such as 1 or 2 km away) otherwise the delay is not excess. In our understanding excess delay is typically found at frequencies lower than 1 GHz. However the target frequency for E-BF/FD-MIMO is on 2.6/3.5 GHz, which means the target carrier frequency is much higher than the case for FSC.
Observation 1:

Target operated carrier frequency for E-BF/FD-MIMO is much higher than typical carrier frequency in which FSC applies.
Second condition of excess delay is sparse building density. It could be understood because the path from BS to remote scatterer (and the path from remote scatter to UE) should be in LoS state to maintain an observable power after long propagation. 

It is possible to argue that high rise scenario corresponds to sparse building density because there is only one high rise per sector. However we note that the density in high rise scenario is much higher than the typical case where FSC applies. In WINNER deliverables, it is clearly stated that excess delay happens around lakes and parks where much open spaces are available, e.g., no building is several km2. In high rise the building density is around 42 buildings per km2, which is much more dense than FSC cases.
There is another proof that building density in high rise is not sparse. According to the results in [3], the LoS probability is smaller than 3 percent at 1 km distance. The probability that both path are LoS is roughly 0.1 percent which means no need to model such probability.
Observation 2:

· High rise building density is much higher than the typical density where FSC applies, 

· the probability that both paths (path from BS to remote scatterer and the path from remote scatter to UE) are LoS is extremely small

The third condition is that the cell radius is large. If cell radius is small, typical path is strong and then the power from remote path would be not observable [4]. In literature the FSC are observed for UE-BS distance at around 1000m. However in high rise scenario the cell radius = 150 m, which is much smaller than the deployments where FSC applies.
Observation 3:

· Cell radius in high rise scenario is much smaller than the deployments where FSC applies.
Based on the above discussions, we do not see excess delay would be applied to the specific high rise scenario that we are studying on.
2.2. Measurement on existence of excess delay
To verify if there is an excessive delay in such a scenario, a field measurement was carried out in an area between north 3rd and 4th ring in Beijing, which is a typical high rise area. The environment of field measurement is illustrated in figure below.
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Figure 1 the 3D map of field test environments
The red and the yellow triangle represent the transmitter and the receiver locations. The transmitter is located on a 7floor building. And the receiver is in the building under the yellow triangle which is 12 floor high. The distance between transmitter and receiver is about 170m. There are several 4-8 floor buildings in the line of transmitter and receiver. And there are several 20- 30 floors building nearby which is similar to the 300 ISD high rise Uma scenario. The receiver was moved from the first floor to the top. We focus on the multi-path delay and the received power to see if there is any excessive delay caused by reflection from any far high rise buildings.
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Figure 2 the delay profiles of UE at 10th floor
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Figure 3 the delay profiles of UE at 12th floor
The measurement results in figure2 and figure3 show the received power and delay of signals. Multiple path could be observed following the first path in the received window. But the paths with excessive delay and high power could not be found in the measurement results.
Observation 4:
Excessive delay is not observed in the field measurement for 3D UMa with one high rise per sector with 300m ISD.
 Proposal 1:
No need to model excess delay in the 3D UMa with one high rise per sector with 300m ISD
3. Scatterer analysis
Based on the above discussions, reflections from high rise buildings are unlikely to cause excess delays. Another impact of such reflection is the change of EoD/EoA. To understand the impact on EoD/EoA, firstly it is necessary to identify if the reflections are strong enough compared with other typical paths, because many paths are from through the reflection or diffraction of low-rise buildings. However at this stage there is no enough analysis if the reflections are severe. Therefore we propose:

Proposal 2:

Further consider the necessity to additionally model reflections on high rise buildings, and the impact on EoD/EoA generation
The outcome of the above study may include two possibilities: first possibility is that the reflection is not severe or the current 3D UMa mechanism can handle such reflection, then there is no need to additionally model reflections. Second possibility is that the reflection is severe and current 3D UMa mechanism cannot properly describe such reflection. In that case, it is needed to additionally model reflections.
Moreover, if the reflections are to be modeled, it can be modeled as a scatterer cluster in addition to typical paths. The typical paths can be modeled the same as current 3D UMa with new ESD values [5].  

Another discussion point is that if the reflections should exactly match high rise building locations. In our understanding it is true that reflections occur at a certain high rise building, but it is not true that all buildings reflect energy to a UE, namely from one UE perspective the reflection location is randomly selected from multiple high rise buildings locations. Then the modeling is equivalent to a random generation of the reflection scatterer location, which can better reuse current FSC modeling packages.

Overall we propose:
Proposal 3:

If the reflections are to be modeled, it can be modeled as a scatterer cluster in addition to typical paths.
· The typical paths can be modeled the same as current 3D UMa with new ESD values.

· The location of the additional reflection scatterer is randomly generated

Last discussion point is if the reflection scatterer can be common to multiple UEs (such as high rise UEs in one building). At this stage we do not have strong view on this point, so the proposal is:
Proposal4:
If the reflection scatter cluster is to be modeled, further study if the reflection scatterer can be common to multiple UEs (such as high rise UEs in one building).
4.  Conclusion
In this contribution, we mainly discuss modeling of small scale parameters for high rise scenarios. 
For existence of excess delay due to reflections on high rise buildings, we have the following observations and proposal:
Observation 1:

Target operated carrier frequency for E-BF/FD-MIMO is much higher than typical carrier frequency in which FSC applies.
Observation 2:

· High rise building density is much higher than the typical density where FSC applies, 

· the probability that both paths (path from BS to remote scatterer and the path from remote scatter to UE) are LoS is extremely small
Observation 3:

Cell radius in high rise scenario is much smaller than the deployments where FSC applies.
Observation 4:
Excessive delay is not observed in the field measurement for 3D UMa with one high rise per sector with 300m ISD.
 Proposal 1:
No need to model excess delay in the 3D UMa with one high rise per sector with 300m ISD
For the impact of EoA/EoD generation due to the reflection, we have the following proposal:
Proposal 2:

Consider the necessity to additionally model reflections on high rise buildings, and the impact on EoD/EoA generation

Proposal 3:

If the reflections are to be modeled, it can be modeled as a scatterer cluster in addition to typical paths.
· The typical paths can be modeled the same as current 3D UMa with new ESD values.

· The location of the additional reflection scatterer is randomly generated
· Consider if the reflection scatterer can be common to multiple UEs (such as high rise UEs in one building)
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Annex A, Delay power profile in different floor
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