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1. Introduction

In 3GPP RAN1#74, atop the already agreed 3D_UMa and 3D_UMi scenarios, an additional O2I scenario for 3D MIMO has been introduced [1]. The salient feature of this scenario is that the maximum building height has been increased (for some buildings, so-called high-rise buildings) to 30 floors, up from 8. In RAN#74bis, details of this scenario have been further specified and the scenario has subsequently been renamed to “3D-UMa-with-one-high-rise-per-sector-with-300m-ISD” [2]. In this contribution, we focus on fast fading modeling of such scenario by discussing the clustering structure of wireless MIMO channels in urban high-rise environments, through a survey of the literature. We emphasize the importance of properly modeling the far scattering effect that is due to (forward/backward) diffraction upon the rooftops of high-rise buildings. Then, we provide KDDI’s views on how to model such effect, consisting in reusing the switch-selectable Far Scatterer Cluster (FSC) model in 3GPP TR. 25.996, Section 5.5.2 [14], to generate channel coefficients for this high-rise scenario.  
2.  A Literature Survey
2.1. High-Rise Buildings as Far Scatterer Clusters (FSCs)
Typical radio propagation channel models are based on the channel model in [3] which assumes the scatterers to be in the immediate vicinity of the UE. However, diffraction above rooftops of high-rise buildings may impact UEs at farther distances. In Figures 1, 2, we illustrate a key difference in propagation between a low-rise scenario and a high-rise scenario. Knife-edge diffraction theory tells us that the dominant path in a urban environment is the rooftop-diffracted path. As it can be seen in Fig. 2, the cluster of rays due to rooftop diffraction from high-rise buildings far from a UE can no longer be ignored and must therefore be included in the rays incoming to this UE. Again, this is unlike the typical low-rise scenario (Fig. 1) where only the diffraction on the rooftop of nearest building to the UE is considered. In the literature, references [4 – 13] identify high-rise buildings as far scatterers. COST259 model [15], which is a founding model for many standardized channel models, also identifies high-rise buildings as FSCs.
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Figure 1- Rooftop diffraction in a low-rise scenario. The dominant signal is from the building that is closest to the UE, i.e. Building#2 for UE#2. In this particular example, signal coming from rooftop of building#1 directly to UE2 (dashed line) is negligible. In such “height-uniform” scenarios, only the clusters of scatterers in the immediate vicinity of a UE are taken into account when modelling rays arriving at this UE.  
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Figure 2- Rooftop diffraction in a high-rise scenario. The dominant signal is no longer from the building that is closest to the UE. In this particular example, signal coming from rooftop of building#1 directly to UE2 is non negligible. In such “non-uniform” scenarios, one must account not only for the clusters of scatterers in the immediate vicinity of a UE, but also for one or a few far-scatterer cluster(s) (FSC).
2.2. On the importance of modeling High-Rise FSCs to the Modeling of MIMO Channels
An important
 survey on the importance of modeling FSCs is provided in [4] where“ the importance of far scatterer clusters for the correct modeling of MIMO channels" is highlighted . The following text is taken from [4] and summarizes several measurement campaigns that have been investigated the issue:

Ref. [11] describes a measurement campaign in Frankfurt, Germany. This city has a strong resemblance to many American cities, with a high-rise city center, surrounded by low-rise edifices. The paper clearly identifies many skyscrapers as “far scatterer clusters”.
Ref. [12] paper reports measurements in Paris, France. Also here, several locations are identified where a far scatterer cluster leads to increased delay dispersion.
Ref. [13] contains measurements in urban small cells in Mulhouse and Paris, France. […] The case with both a“local” cluster and “far clusters” is judged to be most typical.
Extensive measurements in Helsinki, Finland [14] have shown that for macrocellular situations (as well as micro and picocellular), several clusters are present. 2-3 clusters have to be taken into account to cover 75% of the energy in 90% of the cases.
Ref. [15] report measurements in Stockholm, Sweden. This city is characterized by large areas without buildings (e.g., water), between the built-up areas. Again, multiple clusters have been observed.
The importance of far scatterer clusters has been recognized also by different standardization bodies. Most notably, the use of far clusters has been recommended (for specific environments) both in the European COST259, which developed a generic spatial channel model that is suitable for a wide range of systems, and by the joint “spatial channel modeling” group of 3GPP and 3GPP2.

Another noteworthy contribution is reference [13] which compares 2D and 3D ray-tracing predictions to field measurements in 3 cities in the Netherlands (Rotterdam, the Hague and Amsterdam) in urban microcellular environments characterized by an irregular mixture of building heights due to the presence of relatively high rise buildings. It is shown that the 2D ray-tracing underestimates the measurement in area far from the transmitter. Particularly, the theoretical study and the preliminary comparisons with measurements in Rotterdam (NL) showed that the 3D backward diffraction by high rise buildings might account for the propagation in area far from the transmitter and overcome the limitation of the 2D model in these areas. Backward (rooftop) diffraction is illustrated in Fig. 3 also taken from [13]:
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Figure 3- Illustration of rooftop forward and backward diffraction in high rise scenarios [13]. 
We can conclude this literature survey with the following observations: 
Observation 1: 

· Modeling FSCs is very important for the correct modeling of wireless MIMO channels [4-13]. 

Observation 2:
· Rays diffracted on rooftop of high rise buildings are an example of far scatterer cluster (FSC) [4 – 13].

Observation 3:
· Not modeling FSCs in a high rise scenario underestimates received signals in areas far from the transmitter [13].
Based on these observations, we propose the following: 

Proposal 1:

· Model rooftop diffraction from high-rise buildings as an FSC.
The details of such proposal will be discussed in the subsequent paragraph.
3. Modeling FSCs in High-Rise Scenario
Some companies understandably raised legitimate concerns over the extra effort needed to model this new scenario, particularly bearing in mind the limited time budget left in this study item. 
In this paragraph, such-concerned companies are kindly reassured that the 3GPP SCM [14] does support the modeling and simulation of macro scenarios with high-rise buildings as an optional selectable special case for UMa scenario, based on the original COST259 model [15] which is a founding model for many standardized channel models. Thus, no significant effort within RAN1 is expected in modeling or simulating such new scenario. 

Although not available in TR. 36.814, the detailed procedure to generate fast-fading coefficients is available in the original 3GPP SCM model TR 25.996 [3], Section 5.5.2 as an optional feature in UMa scenario. In an effort to make this contribution self-contained, the detailed procedure is provided in Appendix A, though the reader is kindly referred to the original document (and references therein) for the terminology, notations and the details on the full channel generation procedure.  
Proposal 2:
· Reuse the switch-selectable Far Scatterer Cluster (FSC) model in 3GPP TR. 25.996 [14] along the procedure detailed in Section 5.5.2, to generate channel coefficients for high-rise scenario.

· It is possible to update parameters and assumptions in this procedure, whenever applicable, to meet latest agreements in 3D channel.
4. Conclusion
In this contribution, we provided our views regarding the remaining details of 3D channel modelling of new 3D-UMa-with-one-high-rise-per-sector-with-300m-ISD scenario, pertaining to fast fading coefficient generation.
Based on literature survey, we made the following findings: 

Observation 1: 

· Modeling FSCs is very important for the correct modeling of wireless MIMO channels [4]. 

Observation 2:
· Rays diffracted on rooftop of high rise buildings are an example of far scatterer cluster (FSC) [4 – 13].

Observation 3:
· Not modeling FSCs in a high rise scenario underestimates received signals in areas far from the transmitter [13].
Subsequently, we propose the following: 

Proposal 1:

· Model rooftop diffraction from high-rise buildings as an FSC.
Proposal 2:
· Reuse the switch-selectable Far Scatterer Cluster (FSC) model in 3GPP TR. 25.996 [14] along the procedure detailed in Section 5.5.2, to generate channel coefficients for high-rise scenario.

· It is possible to update parameters and assumptions in this procedure, whenever applicable, to meet latest agreements in 3D channel.
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6. Appendix A: The Far-Scatterer Cluster Model in 3GPP SCM Channel Model [14]
5.5.2
Far scatterer clusters

The Far scatterer cluster model is switch selectable.  It represents the bad-urban case where additional clusters are seen in the environment.  This model is limited to use with the urban macro-cell where the first cluster will be the primary cluster and the second will be the far scattering cluster (FSC). When the model is active, it will have the following characteristics:

There is a reduction in the number of paths in the primary cluster from N = 6 to N1 = 4, with the far scattering cluster then having N2 = 2.  Thus the total number of paths will stay the same, now N = N1 + N2 = 4 + 2.  This is a modification to the SCM channel generation procedure in Clause 5.3.  

The FSCs will only be modeled for the serving cell, with 3 independent FSCs in the cell uniformly applied to the area of the cell outside the minimum radius. 

The following is a generation procedure for the FSC model and is used in conjunction with the normal channel generation procedure in Clause 5.3.

Step 1. Drop the MS within test cell.

Step 2. Drop three FS clusters uniformly across the cell hexagon, with a minimum radius of R = 500m.

Step 3. Choose the FS cluster to use for the mobile that is closest to the mobile.

Step 4. Generate 6 delays 
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Step 5. Sort 
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in order of increasing delays, 

Step 6. Subtract shortest delay of 
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Step 7. Sort 
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Step 8. Subtract shorter delay of 
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Step 9. Assign powers to paths corresponding to all 6 delays:
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where 
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 (n = 1,…,6) are i.i.d. Gaussian random variables with standard deviation 
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Step 10. Calculate excess path delay 
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Step 11. Attenuate P5 and P6 by 1dB/(s of excess delay with a 10dB maximum attenuation.  The excess delay will be defined as the difference in propagation time between the BS-MS LOS distance, and the BS-FSC-MS distance.  

Step 12. Scale each of the powers in the main cluster and in the FSC by a common log normal randomizing factor of 8dB/
[image: image16.wmf]2

drawn once per cluster to represent the effect of the independent per cluster shadow fading after including site correlation of the mobile location.

Step 13. Normalize powers of the 6 paths to unity power.

Step 14. Select AoDs at the BS for the main cluster from the channel generation procedure in Clause 5.3.  Select AoDs at the BS for the FSC referenced to the direction of the FSC and selecting values from a Gaussian distribution with standard deviation rAS*mean(AS), where the mean(AS) is equal to 8 degrees or 15 degrees, chosen to match the angle spread model used.

Step 15. Select AoAs at the MS using the equation in step 9 of Clause 5.3, where the 4 paths associated with the main cluster are referenced to the LOS direction to the BS, and the 2 paths associated with the FSC are referenced to the direction of the FSC.  The relative powers used are the normalized powers of step 13 of this clause. 

Step 16. Apply the bulk path loss and log normal to all 6 paths and apply the antenna gains accounting for the angles of the sub-paths associated with the main cluster and the FSC.

� It also claimed in [4] that “The decision to use far scatterer clusters in 3GPP (referring to the optional switch-selectable Far Scatterer Cluster (FSC) model in 3GPP TR. 25.996, which we will discuss later) was partly based on the investigations presented in the current paper.”
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