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1. Introduction
The studies on 3D-channel model have so far mainly focused on the urban macro and micro scenarios. These scenarios correspond to a city architecture with relatively low building heights, up to eight floors. Many cities obviously have higher buildings than that. For that reason, based on the way forward in [1], an additional so-called high-rise scenario with second priority was added in the RAN1 #74 meeting. Currently, this scenario is almost identical to the Urban Macro scenario except that the ISD is 300 m and the introduction of high-rises with a sparse density according to

· Density of high rise buildings is one per sector

· The name of high-rise scenario is “3D UMa with one high rise per sector with 300 m ISD”

· Note: Propagation modeling should consider multiple high rise buildings in the network

In addition, the UE distribution is different as given below:
	UE height model
	General
	hUE=3(nfl – 1) + 1.5m

	
	Outdoor nfl 
	1

	
	Indoor nfl
	Low: nfl ~ [1 x], x~[4 8]
High:nfl ~ [1 x], x~[20 30]

	Indoor UE fraction
	Low buildings: 40% ;  
high building: 40%

	Indoor UE distribution
	Low rise: uniform in cell

High rise: uniform in cell


This contribution discusses the newly introduced high-rise scenario and its implications on the further work in the 3D-Channel Modeling study item.
2. Density of High-Rises and UE Distribution
The characteristics of the city architecture have a profound impact on the channel modeling. According to last meeting’s decision, the scenario under consideration is sparse in that only one high-rise per sector is assumed as evident from 

· Density of high rise buildings is one per sector
· The name of high-rise scenario is “3D UMa with one high rise per sector with 300 m ISD”

· Note: Propagation modeling should consider multiple high rise buildings in the network

The density of high-rise buildings greatly affects the spatial characteristics of the channel. To see this, consider Figure 1 where one picture shows a dense high-rise scenario and the picture other more resembles the present sparse scenario as seen from a transmitting basestation. Clearly, in the dense high-rise scenario UEs are “everywhere” covering all vertical and horizontal directions in a uniform fashion. This is however not so for the sparse high-rise scenario where the UEs are confined to specific buildings. Beamforming for the two scenarios would look entirely different with energy being emitted uniformly in essentially all directions with a dense high-rise scenario while only specific beamforming directions are used in the sparse scenario. This makes it crucial to adopt a UE distribution which matches the city architecture.
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Figure 1: Density of high-rises affects the spatial distribution of UEs. Leftmost picture shows a dense high-rise scenario (e.g. as seen from a basestation) where UEs (yellow circles) therefore are found in “all directions”. Rightmost picture shows a sparse high-rise scenario where UEs therefore tend to be lumped together in the horizontal plan on positions corresponding to high-rises.

Observation

· The density of high-rises greatly affects the UE distribution

· Dense high-rises means UEs appears rather uniformly in elevation and azimuth without particular correlation between the two dimensions

· Sparse high-rise leads to non-uniform UE directions with particular dependencies on elevation and azimuth characteristics
· The spatial distribution of UEs is particularly important for the 3D-channel model considering envisioned use cases such as 3D-beamfomring

Proposal

· UE distribution matches the density of high-rises

2.1. The Contradictory Assumptions on High-Rise Density and UE Distribution
The high-rise scenario in its present form unfortunately suffers from a serious flaw. It turns out there are fundamental problems with the assumption on a sparse high-rise deployment and the UE distribution. On one hand, there is a decision on considering a sparse high-rise deployment with only one high-rise per sector/cell according to 

· Density of high rise buildings is one per sector
· The name of high-rise scenario is “3D UMa with one high rise per sector with 300 m ISD”

· Note: Propagation modeling should consider multiple high rise buildings in the network

On the other hand there is also a decision to have the following UE distribution

	UE height model
	General
	hUE=3(nfl – 1) + 1.5m

	
	Outdoor nfl 
	1

	
	Indoor nfl
	Low: nfl ~ [1 x], x~[4 8]
High:nfl ~ [1 x], x~[20 30]

	Indoor UE fraction
	Low buildings: 40% ;  
high building: 40%

	Indoor UE distribution
	Low rise: uniform in cell

High rise: uniform in cell


The considered UE distribution implies that for each indoor UE, a building type is randomly selected (low- or high-rise) and then given the building type the height of the building is randomly selected (uniformly between 4 and 8 floors for low-rise and between 20 and 30 floors for high-rise). The UE is then randomly assigned a floor within the so realized building height. With this methodology, each UE gets a building of its own since the building height realization is independent from UE to UE without any spatial correlation so two UEs infinitely close to each other can end up in buildings with different height. In other words, the UE distribution corresponds to having a separate (infinitely thin) high-rise for each high-rise UE! Clearly, this is contradictory to the decision of one high-rise per cell unless there is only one high-rise UE in the entire cell. This contradiction jeopardizes the whole high-rise scenario since it becomes ill-defined and therefore making it very hard to know what kind of environment and typical UE positions the channel model should be designed for.
Observation
· 3GPP assumption 1: one high-rise per cell, which is a sparse high-rise scenario
· 3GPP assumption 2: UE distribution corresponding to a separate high-rise for each high-rise UE
· Thus corresponding to a dense high-rise scenario
· The two decisions are contradictory unless the scenario is restricted to drop only one high-rise UE per cell

· Current high-rise scenario is fundamentally broken!

· Unfortunately, current high-rise scenario is ill-defined making it hard to proceed with further modeling effort unless this issue  is fixed
Proposal

· Because of the contradictory assumptions on sparsity of high-rises and UE distribution either

· Change the UE distribution so that the high-rises are dropped to a specific position

· Restrict any future use of the scenario to only one high-rise UE per cell

3. High-Rises and the Impact on Channel Model
In order to progress the channel modeling, we henceforth in this contribution assume a well-defined scenario in which the UE distribution is clustered to coincide with the dropping of high-rise buildings. High-rises can easily be modeled as a cylinder with height equal to the building height and with radius equal to 25 m, the latter corresponding to the range of d2d,in in the outdoor to indoor modeling.
Proposal

· High-rises are dropped uniformly over area with an average of one high-rise per cell

· A high rise is modeled as a cylinder with radius 25 m and with height according to building height

· High-rise UEs are dropped  within the high-rise cylinder
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 may be UE 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 2. 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 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 should instead be around 20log(d) since there is 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.
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Figure 2: 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, UMa and UMi path loss do not offer good starting points since they have the wrong path loss slope of 38log(d) instead of the more correct 20log(d)
3.2. Importance of Taking High-Rise Positions into Account
Since the density of high-rises is sparse, it is crucial to know the actual position of high rises to obtain a reasonable model. Using the previous strategy in UMa and UMi of computing average metrics is only suitable for dense scenarios where the many buildings and their uniform placement make it reasonable to use such metrics.  In contrast, with very few high-rises the specific location of a high-rise becomes important and how a specific high-rise affects the channels of multiple UEs.

Observation

· The sparse density of high-rises means it becomes crucial to know the actual position of a high-rise to do proper modeling

· Generally adopting average metrics of many different drops of high-rises could be suitable for dense high-rise scenarios but not for sparse

3.3. LOS/NLOS Determination
Modeling of LOS/NLOS determination would highly benefit from knowing the positions of the few high-rises instead of considering an average LOS probability metric like what was done for the dense low-rise scenarios. This will ensure that different UEs have a chance to determine LOS/NLOS for the same set of buildings providing correct statistical correlation of LOS state over UE position. Explicit determination of LOS/NLOS state based on high-rise positions is actually easy when modeling high-rises as cylinders. As illustrated in Figure 3, it is just a matter of determining the intersection between the LOS line and a cylinder, which is a trivial exercise in solving a second degree equation.
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Figure 3: Determining LOS/NLOS for given high-rise positions is as simple as finding the intersection between the LOS line and a cylinder and can easily be performed in a simulator.

Proposal
· LOS/NLOS state is easily determined based on explicit high-rise positions in the simulator by modeling high-rises as cylinders.

· It is  basically only a matter of solving a second degree polynomial equation to check for intersection 
3.4. High-Rise Propagation Clusters
The propagating signals interact with the high-rises. Some of the clusters in the channel models should thus be associated with specific high-rises in the high-rise drop. Characteristics of such high-rise propagation (HRP) clusters depends on the position of the corresponding high-rise implying that HRP cluster delay, DoD/AoD and strength of the cluster are all affected. The concept of explicitly modeling HRP clusters has been used before in e.g. the Far Scatterer Cluster model in SCM [1]. Inspiration can therefore be taken from that work, although a straight re-use is discouraged since the model only considers far scatterer cluster for the serving cell and does not ensure that two UEs of the same cell or different cells experience the same set of potential far scatterer clusters.
Observation

· Propagating signals interacts with the high-rises and hence some of the clusters in the channel model should therefore be associated with specific high-rises

· The Far Scatterer Cluster Model in SCM [1] may provide inspiration for modeling proposals

· But straight re-use is discouraged since only clusters from serving cell is considered and clusters are not shared between different UEs
Proposal

· Introduce high-rise propagation (HRP) clusters in the channel model

· Associate HRP clusters with specific high-rises from the high-rise drop

· Characteristics of an HRP cluster depends on the position of the HRP cluster

· Including HRP cluster delay, DoD/AoD and strength of HRP cluster

Proper modeling of HRP clusters is particularly important in view of the fact that a sparse high-rise deployment can give rise to very challenging multipath conditions. LOS from eNB to distant buildings can create reflections with large delay and angular offset as illustrated in Figure 4.
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Figure 4: Reflections at distant high-rises within LOS of eNB may lead to large delay and large angular offsets.
3.5. Excessive Path Delays

The challenging delay profile created by high-rise buildings has been demonstrated by real-life measurements [2]. As seen in Figure 5, multipath components with substantial energy is observed for delays as long as 40 micro seconds, which is far larger than the cyclic prefix. One way suggested in 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 model large time delays as envisioned use cases for the 3D-channel model includes 3D-beamfomring 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 5: 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
· The 3D-channel model needs to model excessive path delays due to high-rise buildings substantially larger than cyclic prefix

3.6. 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 a lot 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
4. Conclusions

This contribution discussed the recently introduced high-rise scenario and made a number of observations including 
· 3GPP assumption 1: one high-rise per cell, which is a sparse high-rise scenario
· 3GPP assumption 2: UE distribution corresponding to a separate high-rise for each high-rise UE
· Thus corresponding to a dense high-rise scenario
· The two decisions are contradictory unless the scenario is restricted to drop only one high-rise UE per cell

· Current high-rise scenario is fundamentally broken!

· Unfortunately, current high-rise scenario is ill-defined making it hard to proceed with further modeling effort unless this issue  is fixed

Based on the observations and the discussion in general we propose
· UE distribution matches the density of high-rises

· Because of the contradictory assumptions on sparsity of high-rises and UE distribution either

· Change the UE distribution so that the high-rises are dropped to a specific position

· Restrict any future use of the scenario to only one high-rise UE per cell

· High-rises are dropped uniformly over area with an average of one high-rise per cell

· A high rise is modeled as a cylinder with radius 25 m and with height according to building height

· High-rise UEs are dropped  within the high-rise cylinder
· LOS/NLOS state is easily determined based on explicit high-rise positions in the simulator by modeling high-rises as cylinders.
· It is  basically only a matter of solving a second degree polynomial equation to check for intersection
· Introduce high-rise propagation (HRP) clusters in the channel model

· Associate HRP clusters with specific high-rises from the high-rise drop

· Characteristics of an HRP cluster depends on the position of the HRP cluster

· Including HRP cluster delay, DoD/AoD and strength of HRP cluster

· The 3D-channel model needs to model excessive path delays due to high-rise buildings substantially larger than cyclic prefix

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

· Including finding new tilt values
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