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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) from 8 floors up to 30.      
In RAN#74, this scenario has been agreed as follows [2]:
Agreement:

· Agree on the additional high-rise scenario described in slides 3&4 of R1-133916

· The ISD for this new scenario is 300m

· FFS detailed 3D channel modelling aspects for this new scenario
In this contribution, we present our views as to the remaining details for this scenario. 
Slides 3 and 4 (which have already been agreed (see above agreement)) detail building and UE dropping methodology. Thus, it only remains to specify how the channel coefficients are generated. 

2. Large-Scale Parameters

As a co-sourcing company of [1], we support proposals in slide 5 of [1]: 

· UEs under 8 floors

· Agreements and WA made in RAN1 for 3DUMa is used as starting point

· UEs above 8 floors

· LoS probability may be revised from UMa 

· Pathloss equation is the same as UMa LoS 

For LoS probability, our preference is to assume 100% LoS condition for UEs above 8th floor.
3. Fast-Fading Coefficients
Some companies understandably raised concerns over the extra effort needed to model this new scenario, given the limited time left for this study item. 
In this paragraph, such-concerned companies are kindly reassured that the 3GPP SCM [3] and Winner [4] models do 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 [5] which is a founding model for many standardized channel models. Thus, no significant work is expected in modeling or simulating such new scenario.
3.1. Particularity of High-Rise Scenarios: An Intuitive Explainer of the Notion of Far-Scatterer Clusters
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, 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. This is unlike typical low-rise scenarios (Fig. 1) because conventional scenarios tend to assume the scatterers in the immediate vicinity of the UE. Thus, COST259 [5] introduces the notion of Far-Scatterer Clusters (FSC), explained in Figures 1~2. 
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Figure 1a- 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 is negligible. In such “height-uniform” scenarios, only the clusters of scatterers in the immediate vicinity of a UE are taking 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).
3.2. Modeling of High-Rise Urban Environments Propagation in Standardization Channel Models
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Figure 3- Structure of COST259 Directional Channel Model (Taken from Winner documentation [4]). GBU is the scenario that models propagation in cities with height-non-uniform building, such as cities with skyscrapers.

Fig. 3 illustrates the different scenarios supported by COST259 [5]. The scenario highlighted in red color, General Bad Urban is the scenario that models propagation in cities with non-uniform building heights and particularly the presence of skyscrapers and other high-rise buildings. 
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.  
4. Conclusion
In this contribution, we provided our views regarding the remaining details of 3D channel modelling aspects of new high-rise scenario. 
In particular, we have made the following proposals: 

· Proposal 1 (large-scale parameters)

· Model large-scale parameters as in slide 5 of [1], particularly assume 100% LoS condition between BS and UEs from 8th floor up and use UMa LoS pathloss equation to model their related pathloss.

·  Proposal 2 (small-scale parameters)

· Use optional selectable feature of far-scatterer clusters (FSC) modelling already available in Winner and 3GPP SCM channel models. Precisely, the procedure in TR 25.996, Section 5.5.2 and provided in Appendix A of this contribution can be reused to generate the channel model for the new high-rise scenario.
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6. Appendix A: The Far-Scatterer Cluster Model in 3GPP SCM Channel Model

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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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.
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