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1. Introduction
At the previous meeting, some significant progress was made in the 3D-channel model scenario. It was agreed that “High-Rise buildings are modeled in system level evaluation” with the further clarification “UEs in high-rises are dropped within 25m radius of the position of their respective high rise, elevation as already agreed”. Hence, the model consists of cylindrical high rise buildings with a 50 meter diameter that are dropped in each sector with 300 m ISD. This corresponds to a city with a sparse density of high rise buildings. 
As this is a new scenario, vastly different from 3D UMa and 3D UMi in its characteristics, new modeling methodologies is needed to accurately represent reality and to capture the main characteristics. Since the position of the high rises are known, this is taken into account in the channel modeling and the use of average metrics can be avoided leading to more realistic models. Note that this does not necessarily lead to higher channel model complexity but rather a simplification since some parts are moved from the stochastic to the deterministic modeling domain.  
With the agreement last meeting, several aspects in the channel modeling follows as a natural consequence of knowing the deterministic positions of the sparse high rise buildings, such as the LOS probability and the spatial correlation of LOS for UEs in high rise buildings. Hence, the difficult and often inaccurate stochastic modeling can be replaced by a simple deterministic calculation that is performed in the dropping phase of the channel generation. 
Our channel modeling proposals for the high-rise scenario are presented in three different contributions. LOS modelling and modelling of clusters associated to high-rises are discussed in [4] and [5], respectively, while this contribution considers miscellaneous remaining issues. 
2. High-Rise Dropping Rules
Since last meeting it has been agreed to model high-rise buildings and their positions. Basically, high-rises are dropped over the map and UEs are dropped within a 25 m radius of their respective high-rise. Although this is a good starting point for high-rise dropping, several issues are still open.

One issue concerns so-called double dropping of UEs. Low-rise and outdoor UEs are said to be dropped uniformly over the map. The question then is whether the high-rise UEs should be dropped on top of the low-rise and outdoor UEs or the low-rise/outdoor UEs should not be dropped where the high-rise UEs are dropped. A problem in the former case is that the density of the UEs in the high-rise becomes non-uniform violating intention of past agreements. The solution is to adopt the latter and avoid dropping low-rise/outdoor UEs where high-rise are located.
Proposal

· Low-rise and outdoor UEs are not dropped within any high-rise cylinder.

Another issue is how the high-rise UEs should be dropped within a high-rise. The question is really if the building height x should be UE specific or high-rise specific. It should be clear that a high-rise specific x value is preferable, meaning that all UEs within the same high-rise are dropped within a cylinder of height x.
Proposal

· The high-rise height parameter x is high-rise specific
· It is hence not UE specific

Minimum distance rules between eNB and high-rise and between high-rises also need to be defined. The solutions of these issues are less obvious since it relates to properties of typical city architecture and deployment strategies. Nevertheless, we need to decide on minimum distance rules and thus need further discussion.
Proposal

· Minimum distance between eNB and high-rise is M
· Minimum distance between two high-rises is N
· Values of N and M depend on city architecture and need further discussion
The density of high-rises is said to be one per sector. But it is not clear whether this means that there are exactly one high-rise for every sector or whether there is one high-rise per sector on average. The latter approach seems more realistic considering that there are no guarantees in reality that there is only on high-rise in every sector.

Proposal

· The high-rises are dropped uniformly over the map with an average density of one high-rise per sector
3. High-Rises and the Impact on Channel Model
The presence of a sparse high-rise layer over a dense low-rise creates a totally new environment unlike any previously seen channel model. It is therefore hard to reuse models from our work on UMa/UMi, especially for UEs sufficiently high up in a high-rise. A whole plethora of issues arise when studying this this scenario. Issues include

· LOS/NLOS determination [4] 
· High-rise propagation cluster modelling [5] 
· Angular characteristics in both elevation and azimuth [5]
· Path loss

· Time dispersion

· Shadowing

The issue of LOS/NLOS determination is addressed in our companion paper [4] where the importance of achieving proper spatial correlation of LOS state is emphasized and how geometrical determination of LOS state by testing for intersection between a line and a cylinder offers an easy way to introduce spatial correlation. 
Another issue concerns cluster modeling for high-rises involved in a reflection. Reflections on high-rises lead to spatial correlation between positions of propagation cluster for different UEs, a phenomena that is particular important to model in view of likely uses of 3D-channel for assessing beamforming related techniques. A straightforward high-rise propagation cluster model with support for inter-UE cluster sharing is introduced in our companion paper [5] in addition to modeling of angular characteristics of such clusters. 
Except from the three first issues that are covered in companion papers, the other listed issues are discussed in this section.
3.1. Path Loss
The propagating signals interact with the high-rises and naturally also depend on LOS or NLOS. For example, for UEs sufficiently high up in a high-rise in NLOS, the UE may be shadowed by one or more high-rises. In many cases, there is only a single high-rise that blocks the signals as illustrated in Figure 1. In any case, there is considerably more free-space in the sparse high-rise layer than in the dense low-rise layer. Thus, even in a path loss sense, this situation is widely different from when a UE is close to or deeply inside the low-rise layer where multi-screen diffraction with limited free space propagation is a main source for determining the path loss. 
Like in existing UMa/UMi models, the NLOS path loss in the multi-screen case exhibits roughly a 38log(d) slope while in the high-rise case the NLOS path loss slope may instead be around 20log(d) since there is a high likelihood of only a single diffraction which incurs a rather distance independent diffraction loss and most of the propagation path is over free space far away from any objects. In addition a diffraction loss corresponding to a single diffraction should be added to the 20log(d) term. Our proposal for NLOS path loss is to add a diffraction loss of 15 dB to the free-space path loss, as typical diffraction losses ranges between 10 dB and 20 dB [3].
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Figure 1: Left figure shows a UE much higher than the low-rise layer and which is shadowed by a single high-rise. Right figure shows the multi-screen diffraction effect that largely determines the path loss for macros in the existing low-rise scenario.
Observation

· At least for UEs well above the low-rise layer
· there is a lot of free space propagation and hence UMa/UMi NLOS path loss models with their 38log(d) distance dependence do not offer good starting points

· 20log(d) distance dependence also for NLOS path loss appears more reasonable due to the abundance of free space propagation

· Height dependence may be limited 
Proposal
· For NLOS path loss well above the low rise layer, use the LOS path loss plus a diffraction term: PL=20log(d) + 15 dB and no height dependence. 

· For LOS path loss, the free space equation can be used, PL = 20 log(d) 
· no height dependence
3.2. Excessive Path Delays

The time dispersion of the channel is also affected by the presence of high-rises. Reflections can arise quite far away and combined with free-space or near free-space propagation lead to long propagation paths with large time dispersion as a result. The opposite may also be true that for some links the dispersion is small with essentially only a direct path (LOS or NLOS) contributing significantly to the channel impulse response.

The challenging delay profile created by high-rise buildings has been demonstrated by real-life measurements [2]. As seen in Figure 6, multipath components with substantial energy are observed for delays as long as 40 micro seconds, which is far larger than the cyclic prefix. One way suggested in [2] to deal with this problem is to use down-tilt. But the 3D-channel model is developed with 3D-beamforming techniques in mind where the opposite of up-tilt may be very common making it particularly important to capture the large time delays found in practice in high-rise environments.
Observation

· Measurements demonstrate that high-rise buildings create very challenging multipath conditions with large delay and angular offset

· Delays as large as 40 micro seconds may be encountered

· Important to consider risk for large time delays as envisioned use cases for the 3D-channel model includes 3D-beamforming techniques for which up-tilt may be common.
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Fig. 4: Recorded IR'’s along route #3.2: The ab-
solute path delay T vs. the path power A
is shown. The IR’s were measured every
50m. The MS moves from foreground to
background.




Figure 6: Measurements of power delay profile in a high-rise environment. Multipath components with substantial energy have delays up to 40 micro seconds due to specular reflections at high-rises far away that are in LOS both to eNB and UE.

Proposal
· Time dispersion characteristics of 3D channel model need careful investigation, including studying presence of excessive time delays
· Time dispersion likely significantly different from UMa
3.3. Shadowing

Modeling of shadowing is difficult to determine before other basic aspects of the channel model is in place. This since shadowing is supposed to capture errors in the path loss modelling. The spatial correlation properties are likely to require further thought since assuming uncorrelated fading between different floors of the same building as in UMa/UMi appears to be a much more inaccurate approximation in the sparse high-rise scenario than in those dense low-rise scenarios.
4. Simulator issues – Calibration
In order for the new high-rise scenario to be meaningful and help future standardization efforts, it is crucial that a proper calibration campaign is performed. Otherwise, companies’ results are anyway likely to diverge substantially, thereby slowing down future decision process and hiding the true performance of various schemes. Consequently, we will need to discuss how to perform calibration for the high-rise scenario, including determining new tilt values.

Observation
· Proper calibration also for the high-rise scenario is crucial for future standardization efforts

Proposal

· Need to discuss how to perform calibration for high-rise scenario

· Including finding new tilt values
5. Conclusions

This contribution discussed the recently introduced high-rise scenario and based on the discussion makes a number of proposals
· Low-rise and outdoor UEs are not dropped within any high-rise cylinder.

· The high-rise height parameter x is high-rise specific
· It is hence not UE specific
· Minimum distance between eNB and high-rise is M
· Minimum distance between two high-rises is N
· Values of N and M depend on city architecture and need further discussion

· The high-rises are dropped uniformly over the map with an average density of one high-rise per sector

· For NLOS path loss well above the low rise layer, use the LOS path loss plus a diffraction term: PL=20log(d) + 15 dB and no height dependence. 

· For LOS path loss, the free space equation can be used, PL = 20 log(d) 
· no height dependence
· Time dispersion characteristics of 3D channel model need careful investigation, including studying presence of excessive time delays

· Time dispersion likely significantly different from UMa

· Need to discuss how to perform calibration for high-rise scenario

· Including finding new tilt values
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