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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 are needed to accurately represent reality and to capture the main characteristics. Since the positions of the high-rises are known, this should be 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. This contribution deals with modelling of clusters associated with high-rises while [3] and [4] consider LOS modelling and remaining issues, respectively. 
2. High-Rise Propagation (HRP) 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 depend on the position of the corresponding high-rise implying that HRP cluster delay, DoD/AoD and strength of the cluster are all affected. 
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

UEs close to each other in a high-rise exhibit a high likelihood of sharing at least some of the clusters. This is illustrated in Figure 1 where reflections from two nearby high-rises A and C are shared among all UEs of high-rise B. Covering high-rise C with a beam therefore automatically also creates strong interference to all UEs of high-rise B. There is thus a clear dependence between propagation paths for different groups of UEs; what is the direct path for one group of UE may be part of a reflection path to another group of UEs. Such partial sharing is a real-life effect and is therefore important to capture in the new channel model, especially considering the high likelihood of using beamforming related techniques in future 3D-channel based studies. In contrast, traditional models for dense city architectures (e.g. UMa) give each UE a unique randomly generated set of clusters hence neglecting the interaction between propagation paths to different UEs.
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Figure 1: Reflections on high-rises lead to corresponding clusters. Many UEs share the same clusters or partially shares propagation paths.
Observation
· Many UEs may share the same high-rise propagation cluster

· Partial sharing of propagation paths: A propagation path to one group of UEs may be part of a propagation path to another group of UEs

· This creates dependencies between the channel properties of links belonging to different UEs

· Correct assessment of beamforming related techniques rely on proper modeling of partially shared propagation paths
· Current channel models in 3GPP ignore partial sharing of propagation paths and thus ignore important aspects for evaluating beamforming related techniques
Proposal

· High-rise 3D-channel model need to model partial sharing of propagation paths between different UEs

A simple way of achieving partial sharing of propagation paths and sharing of clusters is to exploit the known positions of the high-rise buildings to determine HRP clusters involved in a reflection towards the UE. 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 clusters 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

· Explicit modeling of HRP clusters involved in a reflection offers a simple way of modeling partial sharing of propagation paths and HRP clusters
· The Far Scatterer Cluster Model in SCM [1] may provide inspiration for HRP cluster modeling proposals

· But straight re-use is discouraged since only clusters from serving cell is considered and clusters are not shared between different UEs
Our HRP cluster modeling proposal forms clusters involved in a single reflection towards the UE. The reflecting high-rise is thus in LOS to both the eNB as well as the UE. This is illustrated in Figure x where high-rise B1 is in LOS to both the eNB and the UE and is therefore a candidate for generating a reflection. The steps in the HRP cluster model for an eNB to UE link can be summarized as follows

[image: image2.emf]
Figure 2: Reflection at high-rise B1 is received by UEs within the sector of width W at distance d2.
1. Determination of set of potential HRP cluster high-rises: Find the set of all high-rises in LOS with the eNB. Remove those high-rises which are not in LOS to the UE. This gives rise to a set B = {B1, B2, .., BK} of high-rises
2. Each potential HRP cluster high-rise Bk in set B is assigned a probability for participating in a reflection
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. The probabilities are used for randomly selecting which potential HRP cluster high-rises in set B generate a corresponding actual HRP cluster. One way to derive a probability would be to first compute the width W of the reflection of the building on a circle with radius d2 and then form the probability as the ratio of W over the circumference of said circle. The width W is approximated by
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where 
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m is the width of the building and 
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is a tuning parameter. The probability can now be obtained as
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3. The path loss for an actual HRP cluster is set as 
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[dB], where the extra loss of 5 dB is a reflection loss (c.f. [5]).

4. The excess time delay of an actual HRP cluster is obtained as the time difference of the reflection path of length 
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and the direct path.
5. Angular characteristics of an actual HRP cluster is obtained geometrically as describe in Section 3.
It appears to be a reasonable approximation that all UEs in the same high-rise share the same HRP clusters so this process only needs to be carried out once per high-rise.
The above generated HRP clusters are used to replace some of the clusters in a statistical model. This may be performed in a manner similar to existing FSC models such as in 25.996 or in WINNER II. Although the statistical model part may be similar in principle as UMA, the parameter values likely need to be tuned to correspond to the scenario at hand (including angular spread, delay spread).

Proposal

· Introduce modelling of HRP clusters according to steps 1 – 5 above

· Generated HRP clusters replace some of the clusters in a statistical model such as ITU based channels
· Compared to UMa, the statistical model need new parameter values that correspond to a sparse high-rise environment (including for elevation and azimuth angular characteristics, timed dispersion etc)

Note that proper modeling of HRP clusters is also 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 2 and also further discussed in our companion paper [4].  
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Figure 3: Reflections at distant high-rises within LOS of eNB may lead to large delay and large angular offsets.

3. Angular Spread Modeling of HRP Cluster
Angular spread formulas need to be updated taking the sparsity of the high-rise layer into account. It is important to realize that not only elevation parameters need to be changed but also but parameters in azimuth for the high-rise UEs (that essentially see a sparse high-rise city). These parameters are likely to be widely different than when a UE is in an Urban Macro scenario (which sees a dense low-rise city). So in general we need to investigate elevation and azimuth angular characteristics.

For high-rise UEs sufficiently high up, the angular characteristics of the signals involve the HRP clusters. DOD, DOA for each HRP cluster is straightforwardly determined geometrically based on positions of eNB, corresponding HRP high-rise and UE. The spread within a cluster can be determined based on the distance to the HRP high-rise and the width of the building. In LOS or NLOS there are no nearby high-rises that cause multipath propagation. Hence, the angular spread is likely a function of the building width 
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This way of modelling angular spread is similar to earlier proposals in the UMa/UMi discussions (c.f. Alt 3 in [6]).
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Figure 4 The simple modeling of ASD and ESD for high rise UEs.

Proposal
· Determine DoD and AoD for each HRP cluster geometrically from position of eNB, corresponding HRP high-rise and UE

· Determine angular spread for each HRP cluster geometrically using
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4. Conclusions

This contribution discussed the recently introduced high-rise scenario and made a number of observations including 
· Many UEs may share the same high-rise propagation cluster

· Partial sharing of propagation paths: A propagation path to one group of UEs may be part of a propagation path to another group of UEs

· This creates dependencies between the channel properties of links belonging to different UEs

· Correct assessment of beamforming related techniques rely on proper modeling of partially shared propagation paths
· Current channel models in 3GPP ignore partial sharing of propagation paths and thus ignore important aspects for evaluating beamforming related techniques
· Explicit modeling of HRP clusters involved in a reflection offers a simple way of modeling partial sharing of propagation paths and HRP clusters

based on which we make the following proposals

· High-rise 3D-channel model need to model partial sharing of propagation paths between different UEs
· Introduce modelling of HRP clusters according to steps 1 – 5 above

· Generated HRP clusters replace some of the clusters in a statistical model such as ITU based channels
· Compared to UMa, the statistical model need new parameter values that correspond to a sparse high-rise environment (including for elevation and azimuth angular characteristics, timed dispersion etc)
· Determine DoD and AoD for each HRP cluster geometrically from position of eNB, corresponding HRP high-rise and UE

· Determine angular spread for each HRP cluster geometrically using
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