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1 Introduction
The agreements on the antenna modeling, reached in RAN1#72bis, were the following [
]:  
For each antenna element, the conclusion from RAN4 (TR 37.840) can be reused. 
Agreement on the WF with the following changes:

· Number of horizontal antenna elements (the total number of antennas in a single row, counting across both polarizations in case of cross-pol)

· Cross-pol: 2,4,8

· Co-pol: 1,2,4,8

· For calibration of channel modeling purpose, working assumption is 
· K takes two values, 1 and M

· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda 

· Complex weight for antenna element m is

 SHAPE  \* MERGEFORMAT 



where m=1,…,K,        

·  SHAPE  \* MERGEFORMAT 


 is electrical vertical steering angle and the angle is defined between 0° and 180°    

      (90° represents perpendicular to array).

· The value of  SHAPE  \* MERGEFORMAT 


 is FFS, and taking into account the UE height modeling 

· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814]

· Acting as one reference scheme when later evaluating proposed solutions
In this contribution, we would like to further discuss some issues on how to develop the complex weights and channel coefficients. 
2 Discussion 
Although the antenna model adopted by 36.814[
,Table A.2.1.1-2] has included elevation when deriving the antenna gain, only LoS ray is in use when calculating the channel coefficients. It can adapt to the channel by precoding matrix for the horizontal domain only because of the fixed elevation tilt. By this it means only one antenna port can be supported in the vertical domain.
Compared with ITU channel model, AAS adopted in 3D-MIMO can provide flexible beam steering not only in the horizontal domain but also in the vertical domain.

The element pattern of AAS is illustrated in Table 1 [
]. 
Table1 Element pattern

	Horizontal Radiation Pattern 
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	Front to back ratio
	Am = 30dB    
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	Vertical Pattern  method
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	Side Lobe lower level
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	3D element Pattern 
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Composition of some element patterns by complex weighting factors W and precoding vector/matrix f can provide electrical down-tilt or UE-specific elevation beam as shown in Figure 1 which assumed one column antenna with the same polarization.
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Figure1 Illustration of electrical tilting
The composite
 index n is chosen from 1, 2 …N, and the number of elements for each composite n is
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The issues are how we could use the vertical weighting factor W or vertical proceding matrix f in 3D MIMO simulation. Without loss of generality, approach modeling the pattern and gain of each antenna composite should be adopted since smaller number of antenna composites can reduce random channel instances. As a result, maintaining the channel for each element will not be necessary. Instead, the channel can be maintained on a per-antenna-composite basis in the vertical domain. For composite n, the composite pattern is as in Table 2 [3] with variable total number of antenna elements.
Table 2 Composite array pattern for single column
	Configuration
	Single column (
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	Composite Array radiation pattern in dB 
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the weighting is given by

[image: image15.wmf](

)

(

)

1

exp21cos,1,2,Mn

Mn

v

netilt

d

inn

wpq

l

æö

=××-××=

ç÷

èø

K


the super position vector is given by
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The formula below represents the generation of channel coefficients for 3D channel related elevation [
]. For channel generation based on per-antenna-composite, the computation of 
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 is derived from the composite array radiation pattern 
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 as given in Table2.
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Note that the decomposition of [image: image21.wmf])
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 in the polarization of vertical domain and horizontal domain will be 
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 respectively. To clarify the details of simulation, we suggest
Proposal 1: Generation of channel coefficients per antenna composite instead of per antenna element, should incorporate weighting factors when computing the antenna response function F().

Discussion on the downtilt for calibration

In RAN1 #72bis meeting, one composite of all antenna elements with the same polarization within one column has been agreed for calibration,i.e. fixed weights are applied in the vertical domain.
12 degree of downtilt for ITU UMa which assumes all UEs are fixed on the ground should be changed since UEs are dropped in vertical domain on 3D topic. If height of base station remains 25m, the new downtilt should be slightly smaller than 12degree to adapt to the new distribution of UEs, i.e. the corresponding etilt should be smaller than (90 + 12) degree).
[image: image24.png]



Figure 2 Illustration of reasonable downtilt

As shown in Figure 2, in order to keep horizontal distance between bore sight point and BS unchanged, the new downtilt must be recalculated with average UE height. Assumed all UEs are indoor and number of average floor is 4~8 ,  about 9m(including 1.5m) of average UE height can be achieved. After calculation, approximate 8( of electrical-tilt could be adopted. 
In addition, considering the fact that UEs are not always indoor ones, which means average UE height will be less than 9m, the reasonable downtilt should be larger than 8( corresponding to (90(+8() for etilt.
Proposal 2: etilt should be slightly smaller than (90 + 12) degree) for calibration. The candidate of downtilt can be chosen from range (8(~ 12() .

For the initial calibration, one composite in vertical domain with fixed elevation-tilt could reduce the complexity of the simulation. However, in order to further investigate the UE-specific beamforming and FD-MIMO which need more flexibility in the vertical domain, one composite mapping onto all vertical elements of one column may not be enough. As shown in Figure 1, the adapting elevation tilt or vertical beam can be provided by the combination of applying the vertical precoder and the fixed weighting factors for each composite. The vertical precoder should be used to further steer the elevation tilt or beam. To down-select the simulation cases and provide most flexibility to control electrical steering in vertical domain, we suggest one composite maps one antenna element.
In the case of one on one mapping, the computation of 
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 in (1) need to determined by the element pattern as shown in Table 1, the control of elevation steering maybe determined by vertical precoder only. Although channel instances will increase with incremented number of antenna composites, one on one mapping will help to exploit full potential gain for UE-specific beamforming and FD-MIMO. As a result, the composite array radiation pattern should be used in the computation of coupling loss only. The vertical codebook is able to provide electrical steering in vertical domain.
Proposal 3: One on one mapping should be considered as the baseline to exploit potential gain for 3D-MIMO research.
3 Conclusion

In this contribution, we further clarified the details of antenna mapping between composite and element including generation of channel coefficients, on the top of the agreements achieved in RAN1 #72bis. We suggested
Proposal 1: Generation of channel coefficients per antenna composite instead of per antenna element, should incorporate weighting factors when computing the antenna response function.

Proposal 2: etilt should be slightly smaller than (90 + 12) degree) for calibration.

Propose 3: One on one antenna composite-to-element mapping should be as baseline to exploit potential gain for 3D-MIMO research.
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