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1. Introduction
In the last three RAN1 meetings, significant progress has been made on 3D MIMO scenarios,where the UMi and UMa scenarios have been entailed [1]. The building heights for UMa and UMi are agreed to be uniform between 4 and 8floors [2]. 
In our view another feasible environment to deploy 3D MIMO is the so called “high rise” scenario. The basic feature of such scenario is that higher buildings (e.g., 30 floors high) are surrounded by (typically much) lower buildings. How to deploy 3D MIMO in such scenario appears great interest to us. Then, it is important for us to understand 3D MIMO performance in such scenario and identify (if any) necessary RAN1 support. 

On the other hand, 3D channel modeling SI is a bit overloaded considering the amount of remaining issues to be solved. It is also our wish to minimize impact to the SI progress. Therefore it is proposed to consider high rise scenario as an optional scenario, which implies RAN1 agrees the modeling parameters of high rise scenario, but does not necessarily calibrate such scenario in channel modeling SI (may do calibration in the FD MIMO SI).

This contribution firstly discusses incentives of high rise scenario, and then analyze potential impacts on 3D channel modeling. Detailed parameterization are given in annex. Given the extended period of 3D channel model SI [3], it would be appreciated if RAN1 could consider such scenario as at least an optional scenario.
2. High Rise scenario and 3D MIMO Feasibility
2.1 High Rise Scenario Introduction

In many world wide cities, the height of building is not uniform. Instead, the height of building can be vastly different. Beijng downtown (location of China Mobile Research Institute) is shown below as an example. It is clear that one of the typical urban environments is that certain higher buildings (around thirty floors) are surrounded by many lower buildnigs (4~8 floors). Similar observations have been made by other operators and wordwide cities [4].
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Figure 1. 45 degree aerial view of Beijing downtwon (“A” for CMRI)

Therefore, the observation is that:
· One of the typical urban scenarios is the case that one (or several) higher buildings surrounded by many lower buildings

· Higher building is around 30 floors high

· Lower buildings are about 4~8 floors high
2.2 Necessity of 3D MIMO
It is noted that the UEs in high rise scenario (higher than 8 floors) can not be covered properly by typical macro eNBs, because macro eNBs typically use downtilt antennas. There are two alternatives to cover UEs on higher floors:
· Alt.1:  cover UEs on higher floors using indoor distributed antenna system

· Alt. 2: cover UEs on higher floors using uptilt beams from outdoor 3D MIMO macro eNB
Alt.1 actually has been widely used in practical network deployment, especially in high office buildings. However alt. 1 is not always a feasible solution. For example, in high residence buildings, it is difficult to deploy indoor DAS due to residence’s concerns. Then alt. 2 would be necessary in certain environment. Overall the observation is:
· Indoor DAS is feasible for high office buildings, and 

· 3D MIMO is necessary to cover high residence buildings.
2.3 3D MIMO Performance Expectation

It is further noted that the high rise scenario is friendly to 3D MIMO deployment. The following abstrcted figure may better illustrate the reason. Without 3D MIMO, it is difficult to cover the UE at higher floors by outdoor macro/micro sites.
Now with 3D MIMO, it is easier to serve UEs at higher floors using lower eNB, as shown in Figure 2. Moreover, it is possible to apply elevation domain MU-MIMO between UEs at lower and higher floors due to large elevation angular separation, which would greatly improve spectral efficiency.

· [image: image2.emf]Clutter height


· Figure 3. 3D MIMO in High Rise Scenario
Therefore:

· Performance gain is expected for 3D MIMO in high rise scenario due to wide elevation domain separation
From operator perspective, it is important to understand the performance gain of 3D MIMO in such environment. Otherwise it would be difficult to deploy 3D MIMO without careful 3GPP evaluations. Therefore it is proposed:

· Include the “high rise” scenario in 3D channel modeling SI
· Considerin RAN1 work load, take “high rise” scenario as an optional scneario, i.e., agree the modeling parameters in channel modeling SI but postpone the calibrationtto to 3D MIMO SI.

3. Impact on 3D Channel Modeling SI
3.1. Necessity of a New Scenario

Currently UMa and UMi are the main scenarios in consideration. In UMi, sometimes UE is above eNB, because eNB height is 10m but UE may be up to 24m high. Therefore, it is natural to think to use UMi scneario to emulate the high rise scenario.
However, based on our calibration results, downtilt antenna is sufficient to serve UMi scenario. Actually the geometry gets better with more downtilt even in UMi. Such results is in contrast to high rise scenario that uptilt antenna is necessary to cover UEs on higher floors. The main reason might be that there is not enough number of UEs in four to eight floors in current UMi scenario. Therefor, the observation is that :

· Current UMi scenario does not properly emulate high rise scenario

· Downtilt antenna is capable of serving UEs in UMi scenarios

· In high rise scenario, uptilt antenna is expected for covering UEs on higher floors.

· A scenario other than UMi and UMa might be beneficial for high rise scenario modeling.
3.2. Potential Impacts of a New Scneario
Calibratoin weighting vector
One difficulty to calibrate high rise scenario is that the current calibration weighting vector assumes UMa and UMi scenarios only, i.e., DFT vector with 6/9/12 degree downtilt [5]. Using such vector, UEs on higher floors would expereience extremely low signal strength, which is not preferred. Therefore RAN1 may consider different weighting vector for high rise scenario which better utilizes the wide elevation angle of the building. 
Overall, we propose :

· May need to consider a different (non-DFT) calibration weighting vector to better cope with the wide elevation angle of high rise scenario.
Large scale parameters
Large scale parameter wise, the difference from UMa and UMi is mainly LoS/NLoS probability. For UEs under 8 floors, the LoS/NLoS probability can be the same as existing UMa scenario. For UEs above 8 floors, it is proposed to simply set LoS probability to 100% because there is clear LoS between UE and BS (see Figure 3).
The remaining large scale parameter, e.g., pathloss and shadowing, can follow existing agreements. 
Therefore the proposal is :

· For UEs above 8 floors, assuming 100% LoS probability
· Other large scale parameters follow existing agreements
Inter-cell-interference modeling
Covering UEs on higher floors introduces signals in directions above horizon, which would in general cause increased inter-cell-interference at least based on the traditional thinking. However a further thinking might yield another conclusion. In high rise scenario, the energy covering UEs on higher floors are actually pointing to the sky. Therefore the uptilt beam (much higher than horizon) does not actually cause any inter-cell-interference, which implies potentially ICI may be reduced by 3D MIMO at least for PDSCH [6]. In general the observation is
· ICI is natually modeled in geometry calibration and performance evaluation
· ICI may or may not be increased due to (much) uptilt beams

· RAN1 may discuss if any special ICI modeling is necessary for uptilt beams.
3.3. Calibration Process Consideration
In general the calibration of coupling loss and geometry is necessary to enable consistent performance evaluation among multiple companies. Therefore it is beneficial to calibrate the high rise scenario. On the other hand, it is understood that 3D channel modeling SI is overloaded. Therefore one possibility is to postpone the calibration of high rise scenario to the FD MIMO SI following 3D channel modeling SI. Overall, the proposal is :

· Postpone the calibration of high rise scenario to the FD MIMO SI following 3D channel modeling SI.
4. Conclusion
In this contribution we discuss one possible 3D MIMO deployment scenario, “high rise” scenario, in which higher buildings (e.g., 30 floors high) are surrounded by (typically much) lower buildings. One observation is that : 

· One of the typical urban scenarios is the case that one (or several) higher buildings surrounded by many lower buildings

· Higher building is around 30 floors high

· Lower buildings are about 4~8 floors high
To serve the UEs on higher floors (more than 8 floors), there are two alternatives:
· Alt.1:  cover UEs on higher floors using indoor distributed antenna system

· Alt. 2: cover UEs on higher floors using uptilt beams from outdoor 3D MIMO macro eNB
Alt. 1 is existing network deployment, however we note that:

· Indoor DAS is feasible for high office buildings, and 

· 3D MIMO is necessary to cover high residence buildings.
Morevoer, from performance perspective, 

· Performance gain is expected for 3D MIMO in high rise scenario due to wide elevation domain separation

Therefore we propose:
· Include the “high rise” scenario in 3D channel modeling SI

· Considerin RAN1 work load, take “high rise” scenario as an optional scneario, i.e., agree the modeling parameters in channel modeling SI but postpone the calibrationtto to 3D MIMO SI.

A natural thinking to model high rise scenario is to use current UMi scenario because some UEs are also above eNBs. However in our calibration results it is shown that downtilt antenna is capable of serving UEs in UMi scenario, which is in contrast to the high rise scenario characteristics that uptilt antenna is necessary. Therefore:

· Current UMi scenario does not properly emulate high rise scenario

· A scenario other than UMi and UMa might be beneficial for high rise scenario modeling.
Introducing a new scenarion would cause impact to the current 3D modeling SI, which includes:

· May need to consider a different (non-DFT) calibration weighting vector to better cope with the wide elevation angle of high rise scenario.
· For UEs above 8 floors, assuming 100% LoS probability
· Other large scale parameters follow existing agreements
· ICI is natually modeled in geometry calibration and performance evaluation

· ICI may or may not be increased due to (much) uptilt beams

· RAN1 may discuss if any special ICI modeling is necessary for uptilt beams.
For the calibration process, it is proposed that :

· Postpone the calibration of high rise scenario to the FD MIMO SI following 3D channel modeling SI.

More detailed parameters of high rise scenario are provided in annex as a staring point for RAN1 discussion.
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Annex : Detailed Parameterization

Parameters of high rise scenario can be simply an additional column to the agreed table for UMi and UMa, as below. The parameters in general follow UMa with certain revisions to  reflect high rise characteristics. For reader’s convenience, the differences from UMa/UMi are marked in yellow. 

Table 1 for both evaluation and calibration
	
	Urban Micro cell with high UE density
	Urban Macro cell with high UE density
	High rise (Macro) with high UE density

	Layout
	Hexagonal grid, 19 micro sites, 3 sectors per site
	Hexagonal grid, 19 macro sites, 3 sectors per site
	Hexagonal grid, 19 macro sites, 3 sectors per site

	UE mobility (horizontal)
	3kmph
	3kmph
	3kmph

	BS antenna height
	10m
	25m
	25m

	Total BS Tx Power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	Carrier frequency
	2 GHz 
	2 GHz 
	2 GHz 

	Min. UE-eNB 2D dist.
	10m [other values FFS] 
	35m
	35m

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

	
	Outdoor nfl 
	1
	1
	1

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

High:nfl ~ [1 x], x~[20 30]

	Indoor UE fraction
	80%
	80%
	Low buildings: 40% ;  
high building: 40%

	Number of UE per sector
	25*
	25*
	25

	din
	uniform(0,25m)
	uniform(0,25m)
	uniform(0,25m)


Table 2: for calibration only

	
	Urban Micro cell with high UE density
	Urban Macro cell with high UE density
	High rise (Macro) with high UE density

	Outdoor UE distribution
	uniform in cell 
	uniform in cell 
	uniform in cell 

	Indoor UE distribution
	uniform in cell
	uniform in cell 
	Low: uniform in cell 
High: uniform in cell

	Building Dimesions
	not needed 
	not needed 
	not needed*

	ISD
	200m
	500m
	500m


*building modeling and building dimension
For high rise scenario, building modeling is beneficial for accurate performance evaluation because MU-MIMO may rely on proper modeling of elevation angular separation between UEs. However for calibration purpose building modeling seems not essential. Therefore we propose to ignore building modeling in calibration but to consider building  modeling in performance evaluations, which is the same as current UMa and UMi scenario appraoches.[image: image3.png]
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