3GPP TSG RAN WG1 Meeting #74


R1-133788
Barcelona, Spain, 19th – 23rd August 2013

Source
:
KDDI

Title
:
A Case for the Introduction of High-Rise-Building 
                  Scenario(s) with Supporting Initial Calibration Results
Agenda Item
:
7.2.7.3
Document for
:
Discussion and Decision
1. Introduction

In 3GPP RAN1#73, two novel scenarios have been introduced, namely 3D UMa and 3D UMi [1]. A new UE dropping approach has also been introduced where indoor UEs are dropped in the 3D space rather than on the ground floor. 
For calibration purposes, the following 3D dropping working assumptions were made, with other values or adjustments FFS [1]:
· Working assumption on number of floors (for UE height):  

· Uniformly distributed with an average and variation range

· Average number of floor:  6 for both UMa and UMi

· Variation range:  [-2 to 2]
· Additional values or adjustments can be FFS as needed

Further, it has been assumed that the pathloss linearly decreases with elevation, at least in the 3D UMa case [1]. As an operator, this assumption raised our expectation that substantial gains in coupling loss, and therefore some increased spectral efficiency, can be expected from 3D MIMO. 
Unfortunately, our initial coupling loss calibration results show relatively small gains in the 3D dropping case compared with the legacy 2D dropping approach (where all UEs are on the ground). 
In this contribution: 
·  We report our coupling loss results and we claim that they are insufficient
·  We provide an analytical justification of these insufficient gains, from which we show that the current vertical dropping working assumption (the relatively small building height assumption, to be specific) is the culprit.
·  We suggest the introduction of 1 or more new 3D MIMO scenarios, “High-Rise Building,” and we show that relatively larger coupling gains can be expected if building height is further increased, which is very attractive for us as an operator.
2. Validation of the Compliance of our 3D UE Dropping to Current working Assumption
The 3D drop was implemented in line with current vertical dropping working assumption, a detail of which can be found in Status Report RP-150390 [1].
Figures 1 – 4 illustrate the dropping of the UEs with the conventional (2D) and novel (3D) dropping approaches. Red markers stand for UEs whereas blue markes are the macro eNBs. Only UMa droppings are presented for brevity. 
From these figures, it can be readily verified that: 
· UMa eNBs are dropped in line with working assumption:
· 19 BSs
· Hexagonal grid
· BSs are dropped at uniform height of 25m 
· 2D UE dropping is in line with working assumption:
· Vertically, all UEs are dropped at height of 1.5 m above ground
· Horizontally, UEs are spatially uniformly distributed within the hexagonal grid
· 3D UE dropping is in line with working assumption
· Vertically, UEs are dropped uniformly at discrete elevations that are integer multiples of the floor height (3 meters) up to 8 floors high (corresponding to maximum elevation of 1.5 + 3*(8-1) = 22.5 meters)
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Figure 1-Before (Conventional 2D UE dropping approach)
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Figure 2-After (3D UE dropping approach)
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Figure 3- Macro eNB and UE 3D dropping. Horizontal view (XY plane).
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Figure 4-Macro eNB and UE 3D dropping. Lateral view (XZ plane).
3. Insignificance of Coupling Gains under Current Calibration Working Assumptions
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Figure 5-UMa Coupling Results
Taking the case of 3D UMa as an example, Fig. 5 illustrates our initial calibration results (coupling loss CDF) for all combinations of height gain coefficients (0.6, 0.9) and tilting angles (96, 99, 102 degrees) that were envisaged in working assumption on the calibration exercise. The dashed black line represents the case where all UEs are dropped on the ground, while the solid lines represent a 3D UE drop according to current working assumption. 
From this figure, it can be seen that the 3D dropped UEs benefit from a reduction in the coupling loss w.r.t. the ground (2D) dropped UEs, and these gains are slightly more pronounced as the height gain coefficient is increased from 0.6 dB/m to 0.9 dB/m. 
However, the gains in coupling loss are marginal (~3.7 dB with 
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 = 0.6 and ~5.5 dB with 
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=0.9 at the most).
As an operator, we feel discouraged by these marginal coupling gains which would still come at a significant cost of installing and maintaining pricey array antenna systems (AAS).
4. A Justification of the Poor Gains in Coupling Loss Reported in Current Calibration Exercise
4.1. An Utopian Expectation
The 3D pathloss formula currently considered in RAN 1 can be roughly written as follows: 
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where nFL is the index of the floor at which a given indoor UE is located, 
[image: image9.wmf]a

is the height gain coefficient (in dB/meters) taking values within the set {0.6, 0.9} in the latest agreement and in the set {0.6, 0.9, 1.1, 1.5} if we account for all candidate values, to date.
Thus, if we compare the pathloss of a ground indoor UE (nFL = 1) at 3D distance D from the BS with the pathloss of an indoor UE at the same distance from the BS but at elevation nFL = i ≥1, the pathloss gain is: 
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So, this formula means that if an indoor UE is at the 8th floor, then this UE is likely to experience
 on the average a pathloss gain of 
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dB gain over a ground UE within the same distance from the eNB, i.e. 12.6 dB forα =0.6 and 18.9 dB forα =0.9.
This formula may lead to the false expectation that 3D MIMO could achieve such fantastic pathloss gains of 12 ~ 18 dBs for relatively small heights. 
However, this is clearly untrue simply because not all UEs are on the top floor.
4.2. A More Feet-on-the-Ground Expectation
Taking into account the random uniformly-distributed nature of the vertical dropping of the UEs (working assumption), the average pathloss gain of a UE dropped in elevation w.r.t. to a ground-level UE can be computed as the following expectation: 
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for a given maximum number of floors N. 
Add the fact that N ranges uniformly between 4 and 8, and we get: 
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Thus, the average pathloss gain owing to elevation is only 5.63 dB for α =0.6 and 8.44 dB for α =0.9, i.e. 55.4% less than the theoretical maximum! 
5. A More Attractive Scenario, from an Operator’s Perspective
5.1. Motivation
Taking the above-mentioned working assumption on the NLoS pathloss modeling for 3D-dropped indoor UEs:
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,
there are 2 possible ways to increase pathloss gains: 
· Tamper/exaggerate the height gain coefficient
· Clearly, if the height gain coefficient α is set to a higher value, e.g. α = 1.5 dB/m, certainly coupling gains will be more tangible even for small heights.
· However, this may be an exaggeration, as pointed out by some companies [2]. As an operator, we are interested in coupling gains that we can actually achieve in real-world scenarios.
· Increase the building heights
· Many residential areas in urban cities have business districts with high-rise buildings, even 30 floors (100 meters) or taller. 
· By increasing the building height assumption on buildings, we anticipate further gains in coupling loss. 
5.2. Some Supporting Simulation Results
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Figure7- Comparison of coupling loss CDF (UMa) when the number of floors per building is varied from [4, 8] to [8, 12]. Tilting Angle is 102 degrees.
To support our claim that increasing the building height variations is likely to increase coupling loss gains, we provide in Fig. 6 coupling loss results that we generated by modifying the working assumption on the number of floor range from [4,8] to [8, 12]. When α  = 0.6 dB/m, around 6.7 dB coupling gains can be observed under the new building height assumption (8 to 12 floors) compared with coupling results when the UEs are dropped on the ground (up from only 3.7 dB under the previous working assumption, i.e. an 81% increase). When α = 0.9 dB/m, we observe 10.2 dB gain in coupling loss under the new building height assumption, up from only 5.5 dB (i.e. an 85% increase). 
Evidently, by considering even taller buildings, gains in coupling losses are likely to be substantially increased further.  
5.3. Proposal
Motivated by the above observations, we propose the following:
· Introduce one or many new scenarios involving high-rise buildings ([30] floors).
·  Parameters such as building height mean, building height variations, UE vertical dropping within high-rise buildings FFS.
· Vary BS heights 
· Current BS height is fixed to 10m for all UMi eNBs and 25m for all UMa eNBs.
· It might be interesting to drop eNBs at possibly different heights.
6. Conclusion
In this contribution, we reported coupling loss results under the agreed working assumptions for calibration purposes. These results have shown marginal coupling loss gains in 3D UE dropping compared with the case where all UEs are dropped on the ground. 
As an operator, we feel discouraged by such findings. 
In order to achieve further coupling gains, we propose the following: 
Proposal:
· Introduce one or many new scenarios involving high-rise buildings ([30] floors).
·  Parameters such as building height mean, building height variations, UE vertical dropping within high-rise buildings FFS.
· Vary BS heights 
· Current BS height is fixed to 10m for all UMi eNBs and 25m for all UMa eNBs.
· It might be interesting to drop eNBs at possibly different heights.
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� For the sake of argument, we assume that the NLoS pathloss at this height is lower than than the LoS pathloss.
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