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1. Introduction
In RAN1#72bis meeting, it was discussed in [6] that models should be studied for UE height dependent parameters including LOS/NLOS probability,  path-loss, elevation angles of departure and angular spread.   Regarding path-loss the following points are agreed in [5] after the discussion of [7] that:
· For NLOS/LOS UMa/UMi PL calculations, the 2D distance shall be replaced with 3D distance.

· For outdoor UEs, reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.

· For indoor UEs,

· UMa/UMi O-I pathloss modeling is according to:

· 
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· PLtw = 20 dB

· PLin = 0.5 din, where din = Uniform(0, min(25, d)).

· PLb is determined according to the next slide.
· PLb for NLOS- the baseline understanding is that the following formula is considering collectively all paths seen by the UE.  Meanwhile, the application of this formula separately to the above-rooftop paths can be further investigated.

· 3D UMa PL is determined according to:
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where

                                                                                       α is FFS, and to be chosen from 0.6, 0.9, 1.1 
PLb for LOS and 3D UMi PL were put into email discussion [72bis-19] after RAN1#72bis.  The conclusion of the email discussion is summarized as follows:
· The ITU two-slope model can be reused by modifying only its breakpoint distance. (The free space propagation formula up to the breakpoint distance and the slopes need not be modified, and we keep the continuity at the breakpoint.)

· The breakpoint distance d'BP  should model the dependency of breakpoint on UE height.

· Exclude the option that always keeps the effective environment height of 1m when applying the UE elevation, as the free space propagation distance tends to be extended too excessively.

· and for UMi NLOS,

· Study modifications to ITU UMi NLOS PL capturing a decrement of PL with hUT. Complete proposals are solicited for RAN1 #73.

In this contribution, we discuss the extending the channel model to support 3D channel.  The proposals address some of the FFS issues left from last meeting.
2. Extension  to 3D  channel model
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 discuss different aspects of channel modelling taking multi-floor indoor UEs into account.  These aspects are LOS probability, path loss , elevation angle/spread , LSP correlation and generation of channel coefficients. 
2.1 LOS probability
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 in UMA
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 less likely to be blocked for those UEs.   As illustrated in figure 2, UEs with different height have different probability of LOS propagation.  It was agreed in [5] that indoor UEs can be located from the first floor to 8th floor.  Simulation is performed to obtain the LOS probability with on different floors by randomly dropping buildings with size of 20mx20m in a cell for a lot of drops in UMA.  
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Figure 3 . UMA LOS probability 
As shown in figure 3, the LOS probability varies a lot with the height.  LOS probability increases as the UE goes up  higher than 4 floors.  Considering the LOS probability for the UEs on or below the 4th floor, it can follow the original LOS probability equation.  For the UEs above the 4th floor, a term  
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 which is distance and UE height dependent should be introduced.  
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Proposal 1:  For UMA, LOS probability of an indoor UE should be dependent on the UE height.
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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.    Figure 5 also shows that the LOS probability of UEs with different height has the same probability. 
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Figure 5. UMI LOS probability 
Therefore, we can consider to follow the same LOS equation in [4] without depending on the height.  i.e.

UMi：
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It can be observed from figure 5 that indoor UEs have slightly higher LOS probability.  For indoor UEs, LOS is considered in the outdoor propagation path which is from the eNB to the wall.   This is relatively shorter path comparing with outdoor UEs in the same distance.  Therefore, it seems to be more appropriate  to consider only the outdoor distance  dout  when LOS probability is derived. i.e. 

UMi：
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where  
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Proposal 2:  For UMI, LOS probability of an indoor UE reuses the LOS probability equation in TR36.814 but replaces the distance d by outdoor distance dout.
2.2 Pathloss modelling
In this section, we discuss the remaining issues of pathloss modelling  including pathloss for LOS, 3D UMI NLOS pathloss and UMA NLOS pathloss.  

2.2.1 Pathloss for LOS: 
Regarding pathloss for LOS, it can reuse the pathloss equation in [4] but there was discussion in [72bis-19] on whether how breakpoint distance should be derived.  There are two types of reflection of the two-ray LOS model:
Type 1: The reflection  comes from the ground
Type 2: The reflection comes from rooftop of a building
It is reasonable to simply assume LOS type 1 (with environment height of 1m) for UMi which BS antennas are located below the rooftop.  For UMa, there are two types of LOS.  Type 2 (with environment height equal to rooftop height) can only happen to the UEs above the 4th floor since the number of floors varies from 4 to 8.   For those UEs, the reflection can come from rooftop of a building with 4 floors or up to (UE height-1.5).   In this case, we propose to just simply generate a random number uniformly distributed between 12 (i.e. 4x3) and (UE height-1.5) for the environment height.  So here is the proposed procedure to generate BP distance.
Proposed procedure:

For the UEs under UMi, derive the BP distance based on the environment height of 1m. 

For each UE under UMa, 

· Determine whether the link is LOS based on LOS probability (preferably UE-height dependent). Follow the following steps if it is LOS. 
· If the UE is on or below the 4th floor, derive the BP distance based on the environment height of 1m. 
· If the UE is above the 4th floor, use a probability p (may be 0.5) to determine whether it is LOS type 1 or 2.   

· If it is type 1,  derive the BP distance based on the environment height of 1m. 

· If it is type 2,  derive the BP distance based on the environment height of h where h is uniformly distributed between 12 to (UE height -1.5) inclusive. 
Proposal 3:  When the reflection comes from rooftop of a building for a UE located above the 4th floor, derive the BP distance based on the environment height of h where h is uniformly distributed between 12 to (UE height -1.5) inclusive.
2.2.2  UMi 3D Pathloss for NLOS 
Since BS antennas are located surrounding the buildings for UMI, it seems not appropriate for UMi to just simply adopt the same linear model as UMa in which eNB antennas are located on the rooftop.  For UMa, the UEs on the higher floors have smaller pathloss (which tends to be closer to LOS) which is capped  by LOS pathloss.  The link tends to be LOS-like as the UE goes up since there are much less obstacle on the higher floors.  However for UMi case, since the BS antennas are located below the rooftop, the UEs on higher floors without LOS don't seem to necessarily become more LOS-like as the UE goes up because those UEs can be still blocked by the buildings surrounding the target eNB antennas.    
For the UEs on or below 4th-floor, eNB to UE propagation happens below rooftops and around buildings, pathloss doesn't seem to be affected by the UE height as the channel properties can be considered as typical UMI.  We can just follow the path loss model of ITU-UMI.  
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For the UEs above 4th-floor, it can be considered to have two situations.  The first situation happens when the link between the UE and eNB antennas is blocked by a building which is higher than the UE.  In this situation, we can just assume most of the propagation is like UMI so we can just follow equation 5.  The second situation happens when the link between the UE and eNB antennas is blocked by a building  lower than the UE.  In this case, it is just like reciprocity of the UMA where the UE is lower than the eNB located on rooftop.   We consider these two situation by combining the UMI pathloss and UMA pathloss (swapping between UE height and eNB height). The weights β and (1-β) represent the probability of these two situations.  It is applied between two types of pathloss as shown in equation (6) below.  For simplicity, β=0.5 can be used.
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where
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Proposal 4: 3D UMI NLOS pathloss is represented by a weighted function of  ITU UMi pathloss and UMA pathloss.
2.2.3  Pathloss for UMA NLOS
Figures 6a and 6b show the UE SINR and SNR respectively with different α values under UMA scenario with the agreed UE dropping.  It can be observed that SINR doesn't vary much with different α values since the system is interference limited system.  For SNR, it varies more especially in the range of 25dB to 35dB but overall the difference is not large.  From the graph, it seems reasonable to adopt α=0.9 to avoid having different α values which is not good for calibration and results comparison. 
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                   Figure 6(a) UE SINR, UMA, K=1                         Figure 6(b) UE SNR, UMA, K=1
2.3 Elevation angle and spread

[image: image18]
Figure 6 Elevation angle

As shown in figure 6, 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 [4] 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 7, the angular spread in elevation domain depends on the height of the floor where the UE is located.
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Figure 7 EOD spread considering LOS propagation to indoor UE
As shown in figure 7, spread for EOD (i.e. ESD) can be approximated as：
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where 
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  , L is the 3D distance between eNB antennas and UE (or center of the wall)，d is the horizontal distance betwen eNB and UE（or the center of the wall）
Note that when L>>3，ESD is close to 0.  
Proposal 5: for LOS indoor, ESD of an indoor UE can be obtained by arctan(3cos(ω)/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 s because things placed in each floor.
Proposal 6:  Autocorrelation of Median EOA, ESA and ASA should be considered as uncorrelated in different floors.

2.4 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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 is a scalar product of Tx antenna element s and departure angle n, m where 
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[image: image39.wmf]m

n

,

q

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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 is ray n,m arrival azimuth angle and 
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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 [4].  
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:  For UMI, LOS probability of an indoor UE reuses the LOS probability equation in TR36.814 but replaces the distance d by outdoor distance dout.
Proposal 3:  When the reflection comes from rooftop of a building for a UE located above the 4th floor, derive the BP distance based on the environment height of h where h is uniformly distributed between 12 to (UE height -1.5) inclusive.
Proposal 4: 3D UMI NLOS pathloss is represented by a weighted function of  ITU UMi pathloss and UMA pathloss.

Proposal 5:  ESD of an indoor UE can be obtained by arctan(3cos(ω)/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 6:  Autocorrelation of Median EOA, ESA and ASA should be considered as uncorrelated in different floors.
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