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1.    Introduction
Significant progress has been made on finalizing 3D MIMO large scale and small scale channel models in the 3D MIMO SI for mainly two evaluation scenarios, UMa and UMi [1], [2].

In RAN1#74, a WF on introducing a new high rise scenario was agreed [3]. The new high rise scenario models urban environments with high buildings surrounded by many lower buildings. The lower buildings follow from the UMa and UMi scenarios with an average of 6 floors. The higher buildings, however, have an average of 25 floors. For the high rise scenario, the eNBs are placed on top of the lower buildings at a height of 25 m.

Evaluation of suitable large scale and small scale channel parameters for this newly introduced scenario is necessary to analyze the benefits of 3D MIMO transmission. In RAN1 #74, detailed 3D channel models were left as FFS.
· 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 evaluate the introduced high rise scenario and we discuss changes that need to be made to the large scale channel model to accommodate the wide spread of user heights, especially taking into account the users in the high rise buildings above 8 floors.
2.  High Rise Scenario versus UMa/UMi Scenarios
In this section, we summarize the differences between the newly introduced high rise scenario and the UMa /UMi scenarios evaluated so far in the 3D MIMO SI. 
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   Figure 1: 3D MIMO in high rise scenario
In the high rise scenario, the UEs can be located both below and above the eNB. While this might seem to correspond to the current UMi scenario, with the eNB located at 10 m, and the UEs located higher than the eNB (up to 22.5 m), it cannot be analysed with the same assumptions. Indeed, the UMi LoS probability is independent of the UE height, and an electrical downtilt yields better UE geometry performance. The clutter height for the UMi scenario can be set to an average of 1 m. These assumptions are not necessarily true for the high rise scenario, where, for example, an electrical uptilt may be needed to serve UEs located at higher floors. 

Borrowing the large scale fading parameters from the UMa scenario, however, is also not sufficient. The UMa assumptions can follow for the UEs below 8 floors in the high rise scenario, but fail to hold for UEs located in the floors above the 8th floor.  The UEs above 8th floor correspond to 25% of the total UEs deployed, considering the agreed simulation assumptions reproduced in the Appendix.
Figure 2 shows the coupling loss and geometry performance in the high rise scenario, assuming the same LoS probability expression in [2], [4], 
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and using an average clutter height of 22 m for the users above 25 m.

As shown in Figure 2, the UEs above 8 floors suffer from low coupling loss and geometry under the UMa assumptions. This is caused by the increased 3D distance in the path-loss expressions, and the antenna array gain used for calibration. 

Using the LoS probability expression in [2], [4], only 27% of the users on average have LoS links. Assuming that all UEs above 8 floors have only LoS links (as shown in the dashed lines in Figure 2) does not however improve the coupling loss and the geometry of the UEs. 
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Figure 2: Coupling loss and geometry for UEs in high rise scenario with UMa large scale parameters
Observation 1: The channel model used for calibrating the high rise scenario should not follow directly from the UMa scenario. 
 3. Impact on Channel Modelling SI
In this section, we discuss three parameters that need to be changed in the channel modelling SI to accommodate the new high rise scenario.

1. Line-of-sight Probability

The LoS probability currently used as a working assumption for the UMa scenario [2] targets the UEs up to 23 m, corresponding to the UMa and UMi evaluation scenarios. For the UEs above 23 m, the expression in [4] sets a fixed 2D distance dependent value, such that the LoS probability is only a function of the 2D distance and is independent of the UE height. This does not properly cater to the high rise scenario, where the probability of LoS link may increase as the UE height increases, especially when the high rise building is surrounded by lower rise buildings. 
Proposal 1: New LoS probability expressions for UE height > 23m in the high rise scenario should be considered.
2. Environment Height and Path-loss Expressions

If the UMa pathloss expressions were to be used for the high rise scenario, the environment height and the LoS breakpoint distance need to be modified to take into account the high rise users. The LoS breakpoint distance 
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The effective environment height henv for the 3D UMa scenario is set to increase stepwise with increasing UE height [1]. Keeping the same formula for the UEs above 8 floors is however infeasible, as this results in a negative breakpoint distance expression, when hBS < henv. Fixing the average environment height to values below 22 m for the UEs above 8 floors results in breakpoint distances that exceed the 5000 m range of the pathloss expressions in Table B1.2.1-2 in [5]. 
Proposal 2: If the same path-loss expressions as UMa are to be retained for the high rise scenario, the average environment height for UEs located above the 8th floor can be set to 23 m.
Even with the modified LoS probability expression and the modified average environment height, the geometry of the high rise buildings seems pessimistic using the UMa path-loss expressions with 3D distances. The increase in the UE height translates into an increased 3D distance, which causes the path-loss to increase and results in a lower signal strength for the high rise users. The applicability of the UMa pathloss expressions to the high rise scenario for users above 8 floors thus needs to be further studied.
Proposal 3: The UMa LoS/NLoS expressions applicability to the high rise scenario for users above 8 floors should be further studied.

3. Make Better Use of AAS to Serve Multiple Groups of Users

In addition to the large scale parameters, special attention needs to be given to the antenna arrays and the weighting vectors when evaluating the high rise scenario. The current weighting vectors used for calibration assume a downtilt antenna angle of 6/9/12, and a weighting vector that takes into account the electrical tilt, assuming a certain number of antenna elements/port, and a fixed vertical antenna spacing of 0.5/0.8 λ. 
For the high rise scenario, the users above 8 floors, can be served using an uptilt angle. This angle can be different from the downtilt angle used to serve the users below 8 floors. Separate beams can be formed simultaneously using the AAS to serve both high rise and low rise users. The main lobe of these beams can be sufficiently apart to minimize intra-cell interference. The half-power beamwidth and the tilt of the antenna can be chosen such that the coverage of the users is maximized. 

Observation 2: The weighting vector used for antenna port virtualization can be modified for high rise users. Separate beams can be formed to serve the high rise users and the non-high rise users.
4

Conclusion
We made the following observations

Observation 1: The channel model used for calibrating the high rise scenario should not follow directly from the UMa scenario. 

Observation 2: The weighting vector used for antenna port virtualization can be modified for high rise users. Separate beams can be formed to serve the high rise users and the non-high rise users.
Based on our observations, we have the following proposals

Proposal 1: New LoS probability expressions for UE height > 23m in the high rise scenario should be considered.
Proposal 2: If the same path-loss expressions as UMa are to be retained for the high rise scenario, the average environment height for UEs located above the 8th floor can be set to 23 m.
Proposal 3: The UMa LoS/NLoS expressions applicability to the high rise scenario for users above 8 floors should be further studied.
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Appendix
	
	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)


	
	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 rise: uniform in cell 

High rise: uniform in cell

	Building Dimensions
	not needed 
	not needed 
	not needed*

	ISD
	200m
	500m
	300m
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