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Introduction
The large antenna array and large bandwidth was agreed as additional features for channel modeling above 6 GHz in RAN1 channel model ad hoc meeting[1][2]. The antenna aperture and bandwidth in applicable condition for agreed Large BW and large antenna modelling are FFS [1].  In this contribution, we give our consideration on antenna aperture, bandwidth for wideband array.
Discussion
1.1. Antenna aperture and Bandwidth 



The figure 1 [3] illustrates a pulsed waveform modulating a plane wave incident upon the array at an angle  from the array normal. The sketch shows that a very short pulse will arrive at different edges of the array at entirely different times, and it will be received by the right side of the array earlier than the left side of the array. In order to achieve the benefit from the array gain in case of summing it at each element, the pulse length has to be significantly larger than the fill time,

                                                                                                                              (1)




Where, is the velocity of light, is the pulse length (duration), is the antenna fill time, and can be considered as the maximum antenna aperture in either azimuth or elevation.

Since any measure of pulse bandwidth is inversely proportional to the pulse duration, the bandwidth is

                                                                                       (2)

Where, the proportionality constant is on the order of one. 

According to equation 1, the maximum antenna aperture in either azimuth or elevation is,

                                                                                                                                           (3)


[image: ]
Figure 1, narrow pulse incident on array (array fill time) [3]

       


Based on above, for OFDM system, the pulse length  can be expressed as in equation 4, the proportionality constantcan be expressed as in equation 5. 

                                                                                                                            (4)

                                                                                                                                    (5)






Where, is time unit of OFDM system, is subcarrier spacing,  is FFT size, is bandwidth configuration expressed in multiple of , and  is resource block size in frequency domain expressed as a number of subcarriers defined in TS 36.211[4]. 

In order to further reduce impact of fill time, according to equation 1 and4, we can let,

                                                                                                                                                   (6) 
Where, n is integer and can be chosen as 1,2, 3,…. 

Since measure of pulse bandwidth is inversely proportional to , so the bandwidth can be expressed as

                                                                                                                                                                 (7)
According to equation 6 and 7, the bandwidth is,

                                                                                            (8)

According to equation 6 and 4, the maximum antenna aperture in either azimuth or elevation can be expressed as

                                                                                          (9)
According to equation 8 and 5, the bandwidth can be expressed as

                                                                                            (10)

Because, the equation 9 and 10 can be expressed as equation 11 and 12,    

                                                                                              (11)

                                                                                             (12)
Base on above discussion, we propose modeling of large antenna array and wide bandwidth as following.
Proposal 1:
The Large BW and large antenna modeling applies only when either of the following conditions holds:

(1) Antenna aperture is greater than meter in either azimuth or elevation.

 (2) BW is greater than  Hz.







Where,  is the velocity of light ,is subcarrier spacing, and is FFT size,  D in meter is maximum antenna aperture in either azimuth or elevation, is bandwidth configuration expressed in multiple of ,  is resource block size in frequency domain expressed as a number of subcarriers defined in TS 36.211[4], and can take a value e.g. 2.

Conclusion 
In this contribution, we discussed details on large antenna and wide bandwidth modelling and we propose followings: 

Proposal 1: 
The Large BW and large antenna modeling applies only when either of the following conditions holds:

(1) Antenna aperture is greater than meter in either azimuth or elevation.

 (2) BW is greater than  Hz.







Where,  is the velocity of light ,is subcarrier spacing, and is FFT size,  D in meter is maximum antenna aperture in either azimuth or elevation, is bandwidth configuration expressed in multiple of ,  is resource block size in frequency domain expressed as a number of subcarriers defined in TS 36.211[4], and can take a value e.g. 2.
References
[1]  R1-161730, WF on large BW and large antenna array modelling, LG Electronics, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, Ericsson, ETRI, Intel, InterDigital, KT Corporation, Nokia Networks, Samsung, Sharp 
, RAN1 #AH Channel Model, Ljubljana, Slovenia, 14th – 16th March 2016
[2] R1-161732, WF on Large Antenna Array Support, Huawei, HiSilicon, Samsung, Ericsson, RAN1 #AH Channel Model, Ljubljana, Slovenia, 14th – 16th March 2016
[3] Robert J. Mailloux, “Phased antenna array handbook”, ISBN 1-58053-689-1, Artech house.
[4] 3GPP TS 36.211,  Physical channels and modulation, Release 13
image2.wmf
t


image47.wmf
sc

f

D


oleObject47.bin

image48.wmf
FFT

N


oleObject48.bin

image49.wmf
RB

N


oleObject49.bin

image50.wmf
RB

sc

N


oleObject50.bin

image51.wmf
RB

sc

N


oleObject51.bin

oleObject2.bin

image52.wmf
n


oleObject52.bin

image3.wmf
T


oleObject3.bin

image4.wmf
sin

L

T

C

q

t

>=


oleObject4.bin

image5.wmf
C


oleObject5.bin

image6.wmf
t


oleObject6.bin

image7.wmf
T


oleObject7.bin

image8.wmf
L


oleObject8.bin

image9.wmf
t


oleObject9.bin

image10.wmf
sin

pp

KKC

f

L

tq

D=<


oleObject10.bin

image11.wmf
p

K


oleObject11.bin

image12.wmf
L


oleObject12.bin

image13.wmf
sin

C

L

t

q

<


oleObject13.bin

image14.emf

image15.wmf
t


oleObject14.bin

image16.wmf
p

K


oleObject15.bin

image17.wmf
1

s

scFFT

T

fN

t

==

D×


oleObject16.bin

image18.wmf
RB

RBsc

p

FFT

NN

K

N

=


oleObject17.bin

image19.wmf
s

T


oleObject18.bin

image20.wmf
sc

f

D


oleObject19.bin

image21.wmf
FFT

N


oleObject20.bin

image22.wmf
RB

N


oleObject21.bin

image23.wmf
RB

sc

N


oleObject22.bin

oleObject23.bin

image24.wmf
T


oleObject24.bin

image25.wmf
1sin

s

L

TT

nC

q

>=


oleObject25.bin

image26.wmf
s

T


oleObject26.bin

image27.wmf
p

s

K

f

T

D=


oleObject27.bin

image28.wmf
sin

pp

s

nKKC

nf

TL

q

D=<


oleObject28.bin

image29.wmf
L


oleObject29.bin

image30.wmf
sin

scFFT

C

L

nfN

q

<

×D××


oleObject30.bin

image31.wmf
sin

RB

RBsc

FFT

NNC

f

nNL

q

D<×

×


oleObject31.bin

image32.wmf
0sin1

q

££


oleObject32.bin

image33.wmf
scFFT

C

L

nfN

<

×D×


oleObject33.bin

image34.wmf
RB

RBsc

FFT

NNC

f

nNL

D<×

×


oleObject34.bin

image35.wmf
scFFT

C

nfN

×D×


oleObject35.bin

image36.wmf
RB

RBsc

FFT

NNC

nND

×

×


oleObject36.bin

image1.wmf
q


image37.wmf
C


oleObject37.bin

image38.wmf
sc

f

D


oleObject38.bin

image39.wmf
FFT

N


oleObject39.bin

image40.wmf
RB

N


oleObject40.bin

image41.wmf
RB

sc

N


oleObject41.bin

oleObject1.bin

image42.wmf
RB

sc

N


oleObject42.bin

image43.wmf
n


oleObject43.bin

image44.wmf
scFFT

C

nfN

×D×


oleObject44.bin

image45.wmf
RB

RBsc

FFT

NNC

nND

×

×


oleObject45.bin

image46.wmf
C


oleObject46.bin

