3GPP TSG RAN WG1 Meeting #72bis
 R1-131070
Chicago, USA, 15th April-19th April 2013
Source: 
ZTE

Title:
Views on extension of channel models to 3D
Agenda Item:
7.2.6.2
Document for:
Discussion and Decision
1. Introduction

In RAN1#72 meeting, scenarios of UE-specific elevation beamforming and FD-MIMO were discussed. In the agreements [1], three scenarios were identified: 
· Urban Micro (UMI) cell with high (outdoor/indoor) UE density
· Base station is below surrounding buildings
· Multi-floor UE dropping in buildings modelled
· Urban Macro(UMA)  cell with high (outdoor/indoor) UE density
· Base station is above surrounding buildings
· Consider two options for indoor UE: single-floor indoor UE and multi-floor indoor UE modelling
· Models taking multi-floor indoor UE into account should be developed
· Second priority
· Indoor hotspot with high UE density
· Focus on single-floor scenario.
· Rural scenario
It was agreed that UMI and UMA have higher priority.  In this contribution, we focus on these two scenarios and discuss the possible approaches for how to extend the ITU-R channel models to 3D.
2. Extension of channel models to 3D
In both UMI and UMA scenarios, multi-floor indoor UE dropping in buildings are considered.  UEs are distributed in different vertical locations.  Extension of channel models to 3D is required to take into account that UEs distributed in different vertical locations have different channel characteristics.   In this section, we mainly discuss the three aspects of channel modelling taking multi-floor indoor UEs into account.  These three aspects are LOS/NLOS modeling, elevation angle/spread and generation of channel coefficients. 
2.1 LOS/NLOS modeling
Considering indoor UEs, the channel propagation contains two parts.  The first part is the outdoor propagation from eNB to the wall of building and the second part is indoor propagation from the wall of building to the UE as shown in figure 1.  Here we mainly discuss how to decide whether LOS is applied to the first part of propagation path i.e. from eNB to wall.
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Figure 1. Outdoor to Indoor channel model                  Figure 2. LOS/NLOS consideration

For UMA scenario, eNB is placed above surrounding buildings.  Therefore, it happens more easily that the indoor UEs on the lower floors are blocked by surrounding buildings.  On the contrary, it has higher chance that the UEs on the upper floor would get the LOS propagation because it is likely to be blocked for those UEs.   As illustrated in figure 2, UEs with different height have different probability of LOS propagation.   Simulation are done to obtain the LOS probability with three different heights (i.e. h=1.5m, 4.5m, 7.5m) by randomly dropping four buildings in a cell for a lot of drops in UMA.   As shown in figure 3, the LOS probability varies a lot with the height.
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Figure 3. LOS/NLOS consideration
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Figure 4    LOS/NLOS propagation in UMI

For UMI scenario, eNB is placed below surrounding buildings.  As illustrated in figure 4, it is less likely that the UEs on the higher floors would get different LOS probability provided that the variation of building height is not a lot.  In our proposal in [3], it ranges from 10 to 20 floors for UMI.  If variation is more than 10 floors, we may need to consider different LOS probabilities for different UE height.  For now, we can consider to follow the same LOS equation in [2] without depending on the height.  i.e.
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For UMA, we should make LOS probability dependent on the UE height.  The dependency can be based on the simulations once we decide the building dropping modelling.  e.g. Figure 3 can be used to generate different offset depending on which floor the UE is located.
Proposal 1:  For UMA, LOS probability of an indoor UE should be dependent on the UE height.
2.2 Elevation angle and spread
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Figure 5 Elevation angle

As shown in figure 5, elevation angle θ is defined as the angle between the ray and the z axis.  In ITU channel model, the elevation angle calculated based on the LOS link between eNB and UE represents elevation angle for all clusters/rays.  This assumption is fine for 1D antenna array.  For 2D antenna array used for 3D/FD-MIMO, each cluster/ray should have its own elevation angle.
For downlink, the ITU channel model is extended to take into account the parameters in elevation domains, such as EOD, EOA, ESD and ESA.  For EOD/EOA calculation,  we should follow the steps described in B.1.2.2.1 of [1] as for azimuth domain.  For outdoor UEs, EOD/EOA distribution is Gaussian.  For NLOS of outdoor link for indoor UEs, EOD/EOA distribution is also Gaussian.  For LOS of outdoor link, EOD distribution is Laplacian and EOA distribution is Gaussian.  In equations (17) and (18), the LOS angle 
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are the departure and arrival angles based on the LOS link. 
For the outdoor LOS propagation link to an indoor UE, EOD spread depends on the size of main wall.  As shown in figure 6, the angular spread in elevation domain depends on the height of the floor where the UE is located.
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Figure 6 EOD spread considering LOS propagation to indoor UE
As shown in figure 6, spread for EOD (i.e. ESD) can be calculated as：
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Note that when L>>3，ESD is close to 0.  
Proposal 2:  ESD of an indoor UE can be obtained by arctan(3/L) where L is the distance between the eNB and the center of the wall from which  signal is propagated  to  an indoor UE.
Considering LSP correlation related to angle of arrival such as Median EOA, ESA and ASA , it is reasonable to consider autocorrelation to be uncorrelated in different floors and different buildings because things placed in each floor and each building.

Proposal 3:  Autocorrelation of Median EOA, ESA and ASA should be considered as uncorrelated in different floors and different buildings.

2.3 Generation of 3D channel coefficients

Equation (20)and(23）in [2] B.1.2.2.1 can be used for 3D channel coefficients with some modification.
Equation(6) below represents the channel coefficients for each cluster n and each receiver and transmitter element pair u,s.
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where 
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 are the antenna element u field patterns for vertical and horizontal polarizations respectively, 0 is the wave length on carrier frequency, and 
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 is the cross polarization power ratios (XPR).  {
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} are initial phase for each ray m of each cluster n and for four different polarization combinations.  
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 is a scalar product of Tx antenna element s and departure angle n, m where 
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is ray n,m departure elevation angle.  Similarly for Rx, 
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 is a scalar product of Rx antenna element u and arrival angle n,m where 
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The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel 
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  assuming horizontal only motion:
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The parameters 
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 includes the consideration of both elevation and azimuth angles.  Generation of elevation angles can follow the same procedure as azimuth angles indicated in [3].  
3. Conclusion
In this contribution, we discuss 3D channel model and identify some modifications.  Our proposals are summarized as below:
Proposal 1:  For UMA, LOS probability of an indoor UE should be dependent on the UE height.
Proposal 2:  ESD of an indoor UE can be obtained by arctan(3/L) where L is the distance between the eNB and the center of the wall from which signal is propagated  to an indoor UE.
Proposal 3:  Autocorrelation of Median EOA, ESA and ASA should be considered as uncorrelated in different floors and different buildings.
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