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1 Introduction
In RAN #58 meeting, an SID [RP-122034] for 3D channel model to evaluate performance of 3D beamforming/MIMO was agreed and the scope includes:
· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

Therefore, in this contribution, we discuss on the 3D channel model extension as for the performance evaluation of 3D beamforming and FD-MIMO and show some preliminary results from the 3D channel model extension.
2 3D Channel Model Extension
Although an elevation antenna radiation pattern has been defined in TR 36.814 [1] and elevation antenna gain in LoS direction is included in the channel generation, the current ITU channel model in [2] has completely neglected small scale elevation angles and their impacts such as the angles of arrival and departure of multipath components in elevation domain. So practically it is still a two dimensional channel model. As illustrated in Figure 1, it is necessary to extend the current channel model to incorporate elevation domain, for the study of elevation beamforming and FD-MIMO, which requires a complete understanding of 3D channel characterization. 
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Figure 1. 3D propagation model 
The 3D channel modeling and generation has been discussed in campaigns outside 3GPP such as WINNER II (D1.1.2) [3] and WINNER+ (D5.3) project [4] as well as academic publications. In WINNER II [3], the general 3D channel extension steps were outlined and a set of the elevation related parameters based on measurements and literature surveys were suggested in D5.3 [4].  In this contribution, we use the ITU channel model [2] as baseline and extend 3D channel generation based on the methodologies and steps defined in WINNER II/ WINNER+. 

We implement and validate the full 3D channel model for two main channel scenarios (UMa and UMi) in a parameterized way.  Some improvements in polarization and large scale parameters (LSP) correlation are suggested. For instance, the cross-correlation values of the 7 LSPs defined in [3] and [4] result in a non-positive definite cross-correlation matrix which prohibits a required Cholesky factorization of the cross-correlation matrix during channel generation. We use an approximation method [6] to obtain a closest positive definite cross-correlation matrix. We also apply the new 3D antenna pattern defined in RAN4 TR 37.840 [5] for different beamforming schemes.
As given in [3], the 3D channel model generation follows the same major steps as existing 2D channel generation. The necessary changes needed for 3D channel extension can be briefly summarized as generating LoS elevation angles, adding elevation LSPs, incorporating small scale elevation departure and arrival angles per cluster per ray, and updating UE location and mobility settings for elevation components etc.  In terms of large scale parameter generation, we have 5 LSPs initially in 2-D case namely delay spread (DS), rms azimuth spread of departure angles(ASD) and rms azimuth spread of arrival angles (ASA), Ricean K factor and shadow fading (SF).  Two new LSPs, rms elevation spread of departure angles (ESD) and rms elevation spread of arrival angles (ESA), should be added to capture the angular spreads in elevation. In addition, the Doppler shift component needs to be updated in the channel coefficient generation by considering UE mobility in elevation direction. 

In Table 1, we highlighted the above mentioned steps and the additional required changes for 3D channel extension.  For other unmentioned steps, the process will be same as existing 2D channel model generation [1]-[3].
Table 1.Modifications required for 3D channel extension
	Steps requiring modifications
	Annex B in TR 36.814
	Full 3D channel generation   

	Step 1c 
	Give locations of eNB and UE, or equally distances of each eNB and UE, relative directions and (LOS and (LOS of each eNB and UE
	Give locations of eNBand UE, or equally distances of each eNBand UE and relative directions and azimuth angle of arrival 
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, azimuth angle of departure 
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, elevation angle of arrival
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, elevation angle of departure
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 of each eNB and UE in the LoSdirection .

	Step 4 
	Generate correlated large scale parameters, i.e., DS, ASA, ASD, K, SF.
	Generate correlated large scale parameters, i.e., DS, ASA, ASD, ESA, ESD, K, SF. 

	Step 7 
	Step 7: Generate arrival angles ( and departure angles (. (For azimuth only) 


	Step 7a: Generate azimuth arrival angles
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Step 7b: Generate elevation arrival angles
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andelevation departure angles
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	Step 8 
	Random coupling of rays within clusters 
	Random coupling of rays within clusters (azimuth departure vs azimuth arrival; elevation departure vs. elevation arrival; azimuth arrival vs. elevation arrival). 

	Step 10a 
	Generate channel coefficients for each cluster n and each receiver and transmitter element pair u,s.  eq. (20) (NLoS) and (21) (LoS) in 36.814. 
	Generate channel coefficients for each cluster n and each receiver and transmitter element pair u,s. as given in eq. (1) for NLoS and eq. (3) for LoS. 


In step 10a, the channel coefficients for the NLoS case are given by (10). Note that the small scale elevation angles as well as elevation location are factored into the components.
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where
· Frx,u,V and Frx,u,H are the antenna field pattern at receive (rx) element u for vertical (V)and horizontal(H) polarizations, respectively;
· Ftx,s,V and Ftx,s,H are the antenna field pattern at transmit (tx) element s for vertical (V)and horizontal (H) polarizations, respectively; 

· 
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are the azimuth angle of arrival and azimuth angle of departure for the m-th ray at the n-th cluster, respectively; 

· 
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 are the elevation angle of arrival and elevation angle of departure for the m-th ray at the n-th cluster, respectively; 

· 
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is the spherical unit vector with azimuth angle of 
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· 
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is the spherical unit vector with azimuth angle of 
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;
· 
[image: image21.wmf],
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isthe location vector of element u of the UE antenna array;
· 
[image: image22.wmf],

txs

r

is the location vector of element s of the eNB antenna array.
The above two unit vectors 
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 are respectively given by 
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For simplicity, the antenna array (assuming a 2D planar array) at eNBis placed in y-z plane with the first element placed at the origin (0,0,0).  Then the location vectors of transmit and receive element are respectively given by 
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where 
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 are the element index in a row and column of the transmit array respectively. 
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 are the element index in a row and column of the receive array respectively. 
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 are respectively the transmit and receive antenna element spacing. 

The Doppler frequency component is calculated from the angle of arrival (downlink), UE speed v and direction of travel v
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where
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is the velocity vector of UE with speed v and travel azimuth angle of 
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and travel elevation angle of v. Vector 
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can be given by 
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Similarly, in the LOS case, defining
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,the channel coefficients can be determined  by adding a single line-of-sight ray and scaling down the NLoS channel coefficient generated by (1). The channel coefficients are given by:
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where (.) is the Dirac’s delta function and KR is the Ricean K-factor (converted to linear scale) defined in Table B.1.2.2.1-4 of  TR 36.814 [1].

3 Simulation results based on extended 3D channel model 

To verify the distribution of extended 3D channel model, we implement the 3D channel model generation and studied the distribution of small scale, large small parameters as well as long term channel gain feature such as coupling loss for UMa and UMi, respectively.  The general UMa and UMi setting is compliant with [1]-[2]. The AAS antenna setting is taken from 3GPP RAN4 AAS TR as given in Table 2 and the additional elevation related parameters for 3D channel generation is summarized in 3 tables attached in Appendix 1 [3]-[4]. In addition, the 3D UE dropping in a cell with 7 sites and 10 UEs per cell. And, other building models, indoor/outdoor ratio, and beamforming weights are based on the agreements in RAN1 #72bis [8]. 
                                                    Table 2.  Antenna radiation pattern 

	Antenna setting
	Conventional passive antenna settings in TR 36.814
	RAN4 3GPP TR 37.840 [5]

Study of AAS eNB

	Antenna pattern 
	Antenna pattern (horizontal) 
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 = 70 degrees,  Am = 25 dB 

Antenna pattern (vertical) 
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[image: image45.wmf]dB

3

q

 = 10,  SLAv = 20 dB

Combined 3D antenna pattern: 
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	Antenna pattern (horizontal) 
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[image: image48.wmf]dB
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 = 65 degrees,  Am = 30 dB 

Antenna pattern (vertical) 
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Combined 3D antenna pattern: 
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· PE is the magnitude of the element pattern

· 
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the elevation angle is defined between 0° and 180° (90° represents perpendicular to array)
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the azimuth angle is defined between -180° and 180°

· 
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is the maximum directional gain of the radiation element (in dB), which is assumed to be 8dBi;

· 
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	Composite Array radiation 
	17 dBi + 
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the super position vector is given by
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thebeamforming weighting is given by
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3.1 Small scale parameters generation  

The distribution of AoA, AoD, EoA, EoD are respectively shown in Figures 2 (a) ~ (d) for UMa channel. 
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         Figure 2 (a). CDF distribution for UMaAoA         Figure 2 (b). CDF distribution for UMaAoD

[image: image62.emf]0 20 40 60 80 100 120 140 160 180

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

angle (degrees)

CDF

UMa EoA distribution

 

 

EoA LoS

EoA NLoS

[image: image63.emf]0 20 40 60 80 100 120 140 160 180

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

angle (degrees)

CDF

UMa EoD distribution

 

 

EoD LoS

EoD NLoS


Figure 2 (c). CDF distribution for UMaEoA             Figure 2 (d). CDF distribution for UMaEoD
3.2 Large scale parameters generation
The elevation angular spreads, ESA and ESD, are respectively shown in Figure 3 and Figure 4 for UMa and UMi respectively.   
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(a) ESA                                                                   (b)    ESD

Figure 3. Distribution of angular spreads in elevation ESA and ESD for UMa
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(a) ESA                                                                     (b)    ESD

Figure 4. Distribution of angular spreads in elevation ESA and ESD for UMi
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     Figure 5.  Distribution of LoS elevation angle  

Figure 5 plots the distribution of LoS elevation angles 
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 based on the multi-floor UE dropping. 
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 has a mean(
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) = 93°.  Thus,
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= 93° seems to be a reasonable as the electrical downtilt angle.
3.3 Coupling loss and geometry 
The major simulation parameter settings for the calibration are listed in Table 3 in Appendix.  Two metrics are compared pathgain (coupling loss) and geometry.  The pathloss (coupling loss) is defined as RSRP – TxPwr and the geometry is the per-user long-term SINR without fast-fading. 

Figure 6 compares the coupling loss distribution for 5 different configurations including K=1 with one and ten antenna elements, K=10 with 0.5
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), and optimal beamforming in which the beamforming weights is chosen per UE to form a beam towards the direction of LoS elevation departure angle or elevation departure angle for highest power path according to LoS/NLoS UE. As is shown, the AAS antenna type A10 [5] (with 10 elements) provides up to 10 dB improvement with optimal beamforming (K=10) and up to 6dB improvement with no beamforming(K=1 with 10 elements) in coupling loss compared to AAS antenna type A1 [5] (K=1 with 1 element). For the fixed beamforming, 
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 provides up to 7dB improvement comapred to 
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 due to the fact that many UEs are dropped in higher floors. 
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Figure 6. UMa CDF of coupling loss for different beamforming schemes and downtilt angles.
Figure 7 shows the CDF distribution of pathgain (coupling loss) for different beamforming schemes. As is seen, with optimal beamforming, the coupling loss achieves as much as 4dB gain for a wide range of UEs compared to the AAS with fixed downtit beamforming towards the averaged downtilt angle 
[image: image79.wmf]etilt
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= 93°. In addition, when K=1 with no beamforming applied (the antenna still has 10 elements but without any beamforming), the coupling loss suffers up to 2dB and 6dB degradation compared to fixed tilt beamforming and optimal beamforming, respectively. 
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Figure 7. UMa CDF of coupling loss (path gain)(
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 for fixed BF) 
Figure 8 illustrates geometry (wideband SINR) performance for different beamforming schems. It can be seen that the AAS with optimal BF and fixed tilt BF achieves up to 7dB and 3dB gain respectively over K=1 case (without beamforming). 
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Figure 8. UMa CDF of geometry (
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 for fixed BF)  
Figures 9 and 10 demonstrate the performacne of AAS with different element spacing λ=0.5, λ=0.8. It can be seen that increasing antenna spacing introduces up to 3dB loss in both coupling loss and geometry. 
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Figure 9.  CDF of Coupling loss for different antenna spacing (
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Figure 10.  CDF of geometry for different antenna spacing (
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4 Summary
In this contribution, we discussed on 3D channel modeling which is started from ITU channel model in 36.814 and extended to the 3D channel with WINNER II/+ as for the performance evaluation of 3D beamforming and FD-MIMO. In addition, we showed some benefits of adaptive vertical beamforming over fixed downtilt in terms of path gain as well as distribution results of small scale and large scale parameters. 
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5 Appendix – Simulation assumptions 

Table 1  Parameters for UMa calibration.

	Parameter
	Value

	Layout
	Hexagonal grid, 7 micro sites,3 sectors per site, 10 UEs / sector 

	Deployment scenario
	Urban Macro cell 

	BS antenna height
	heNB = 25 m

	Total BS Tx power
	46 dBm

	Min. UE-eNB distance
	35 m

	Carrier frequency 
	2 GHz

	Antenna element spacing ()
	0.5 λ, 0.8 λ

	UE dropping 
and height model
	UEs are uniformly distributed in the cell.  
The UE antenna height is modelled as hUE = 3(nfl – 1) + 1.5 m.
· For outdoor UEs, nfl = 1; 
· For indoor UEs, nfl is drawn from a uniformly distributed integer [1,…X],  in where X is the number of floors. X is uniformly distributed with an mean 6 and variance 2  

	UE fraction
	80% indoor UEs and 20% outdoor UEs

	Path loss model
	· For outdoor UEs,

· Reuse  reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.

· For indoor UEs,  
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Where PLtw = 20 dB
PLin = 0.5 din, where din = Uniform(0, min(25, d)).

PLb is determined according to below methods 

· PLb for LOS

· reuse the ITU LOS PLformula  (with the new UE height)

· PLb for NLOS 

· 
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 QUOTE 
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, k = 1, 2, …, M,K=M = 10, θetilt = 93°. 

	Optimal BF weights 
	[image: image96.emf], k = 1, 2, …, M,K=M = 10;  θ is the direction of the strongest path  


Appendix 2 –Parameters for elevation[4]
[image: image97.png]Table 4-.

: Elevation parameters. BS: ESD, MED and CESD, UT: ESA, MEA and CESA.

Elevation parameters

Scenario Indoor (A1) 021 (B4) UMi (B1) UMa (C2) SMa (C1)
Condition LOS NLOS NLOS LOS NLOS LOS NLOS os | Nros
ESD 7.6 115 7.6 5 4 5 s 5 3
MED -1.6 -1.6 12 2 2 2 2 2

CESD 3 3 3 3 3 3 3 3

ESA 8.7 12.6 102 4 75 9 18 12 10
MEA 1.6 1.6 12 2 2 6 10 55 7
CESA 3 3 3 7 7 7 7 7 7





[image: image98.png]Table 4-3: Elevation parameters for five propagation scenarios

P Tadoor o
Tos | Mos | Nos | 10s | Nos | Los | Mos | L0s | NLOS
[ u 3 05 058 030 070 070 050
v 031 021 = 02 02
Median EcD_(MED) [ linear B2 £ EL 12 E) 2
ot (5 oD u 3 10 101 = 3 095 1% 108
i 036 017 033 016 01 016 016 | 016 016
Median EoA (MEA) [] iear I s s 2 2 2 5 0 55 7





[image: image99.png]Table 4-5: Cross-correlations of elevation parameters.

Senarios Tndoor 021 UMi UMa SMa
LOS | NLOS | NLOS | LOS | NLOS | LOS | NLOS | LOS | NLOS

ESDvsSF | -04 0 0 0 0 0 0 0 0
ES4 vs SF 0 0 0 0 0 038 08 08 08
ESDvsK 0 NA. | NA 0.0 NA. 0.0 NA. 0.0 NA
EsAvsK 0 NA. | NA 0.0 NA. 0 NA. 0 NA.

Cross- ESD vs DS 05 0.6 0.6 05 05 05 05 05 05

Correlations  [ES4 vs DS 0.7 0 0 0.0 0.0 0 0 0 0
ESDvsASD | 05 05 05 05 05 05 05 05 05
ES4 vs ASD 0 05 05 04 04
ESD vs ASA 0 0 0
EsAvsASA | 05 05 05 04 0 04 0
ESDvsESA | 04 05 05 0 0 0
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