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ATCHAREEYA KONGBUNTAD : BEAMFORMING SCHEMES FOR
WIGIG SYSTEM. THESIS ADVISOR : ASST. PROF. MONTHIPPA

UTHANSAKUL, Ph.D., 122 PP.

WIGIG/ IEEE 802.11AD/ BEAMFORMING

As Wireless Local Area Networks (WLANS) users recently demand plenty of
high data rate for high definition information, Wireless Gigabit (WiGig) Alliance is
an organization promoting the adoption of multi-gigabit speed wireless
communications technology with IEEE 802.11ad standard. The standard has been
approved working within 60 GHz band and also its spectrum has been differently
allocated in various countries. In addition, the bandwidth spans over 3.5 GHz to
support ultra-high rate transmission for indoor wireless applications. Also, the
standard has been approved to utilize a beamforming technic based on smart antenna
systems in order to mitigate interference signal. However, a signal loss is introduced
at some direction when employing only original beamforming, hence the systems
provide high bit error rate. Therefore, this thesis proposes a beamforming schemes to
avoid the signal drop in some directions. The proposed signal gain value is calculated
by maximal ratio combining method of two original signal gain values from two
adjacent beams. This thesis work focus on the use of switched-beam antennas as it is
not complicated. Moreover, the proposed algorithm help making a decision whether
original or proposed beamforming scheme has to be employed in various scenarios.

From computer simulation, the utilization of proposed beamforming provides higher



performance in terms of signal gain and bit error rate comparing to original

beamforming.
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Abstract

As the demand of multimedia applications for high data-rate
transmission rapidly increases, [EEE 802.11ad standard has
been proposed handle such a demand. The operaling
frequency for the mentioned standard is al 60 GHz with
bandwidth of 7 GHz. Also, beamforming technology was
included in the mentioned standard in order to degrade effect of
interference. Therefore, this paper investigates into wideband
signal to the conventional beam formation. The computer
simulation shows beamforming performance from 57 GHz to 64
GHz in terms of antenna gain and Signal to Interference plus
Noise ratio (SINR). The obtained resulls indicate that
beamforming is degraded when the signal bandwidth increases.
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Abstract—IEEE 802.11ad standard, so called WiGig has been
defined due to the increasing market demands for high data rate
communications. The standard was approved working within 60
GHz band and using beamforming to mitigate interference
signal. However, a signal loss is introduced at the intersection of
two adjacent beams when employing original beamforming
codebook, hence the systems provide low BER. Therefore, this
paper proposes an extra codebook to avoid the signal drop at
direction of beam intersection. The computer simulation reveals
higher BER when employing the proposed beamforming
codebook,

[ INTRODUCTION

IEEE 802.11 is a standard for wireless local area networks
that continually have been currently developed. Later, IEEE
802.11n was approved supporting higher data rates up to 300
Mbps [1], but not sufficient for the requirements of people
who need a higher data rate to transmit high definition data. In
order to accommodate these requirements, the IEEE 802.11ad
task group was formed to provide data rate up to the gigabit
per second. The IEEE 802.11ad standard or WiGig mentioned
above was approved working within 60 GHz band and using
beamforming to mitigate interference signal [2]. This draws
lots of attention nowadays to how beamforming can be
performed properly.

Beamforming to desired direction is a result of weighting at
individual antenna elements. So far, lots of researches have
proposed codebook design in the form of a matrix codebook
for weighting scheme. The number of matrix columns
represents the number of radiation patterns. As uses change
their positions constantly, beamforming system will choose a
radiation pattern providing maximum gain for all at a specific
scheduled times allowing the user to obtain high speed data
transmission. However, if users unintentionally stay between
two adjacent beams, they might disconnect to the access point
as the pattern gain in the mention direction is relatively low.

As the impairment pointed out above, this paper proposes a
concept to boost up the pattern gain in the region when any
two beams are intersected. This concept can be accomplished
by some combined beamforming codebooks when high gain is
needed in the intersected region. The performance of proposed
concept is confirmed by computer simulation in term of BER
compared with the ones employing original beamforming code
books.

II.  PROPOSED BEAMFORMING CODEBOOK

Weighting coefficients can be achieved by applying weight
vector values in codebook multiplied by array factor to obtain
radiation patterns. In this section, we perform the codebook
design for 1-D arrays with uniform spacing of 1/2.

As defined in [3], the beaming codebook is determined by
both the number of antenna elements M, and the desired
number of beams K. For a 1-D phased antenna array, the
column vector of the following matrix gives the codebook
beam vector when K > M.

‘ﬂagr{mxmud(kHKﬂ)J(IE

Wimk) = j €,
m=0,.,M=Lk=0.K=-1 (1)

where the function floor( ) returns the biggest integer smaller
than or equal to its argument. M = mod(X, ¥) is defined as X -
nY where n is the nearest integer less than or equal to X/Y.

For a beamforming system with 4x1 antenna array and 8
beams, the beam codebook generates the following beam
vector, herein so called original codebook.

111 111 1 1
-1 -1 = -1 1)
W=l -1 41— 4 @

-1+ 11 41

The performance of above original codebook is illustrated
in Figure 1. As we can see, 8 beams pointing to different
directions can be obtained. However, the pattern gain loss of
e.g. 0.6578 or -1.8191 dB can be noticed at intersection
between two adjacent beams. This can result in signal loss
when users stay in between two adjacent beams. Therefore, this
paper proposes some extra codebook which combines those
two adjacent beams to avoid signal loss. Comparison of
performance between original and proposed beamforming
codebook is revealed in next section.

I SIMULATION RESULTS AND PERFORMANCE ANALYSIS

As seen in Figure 2, thick line represents the proposed
codebook developed from original one shown in (1). The
systems will perform finding the best beam as usual until they
find two beams having the same signal strength. Then, an
appropriate proposed codebook is chosen to boost up the
pattern gain.
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Figure 1. Radiation patterns using original codebook.

Figure 2. Radiation patterns of original (thin lines) and
proposed (thick lines) codebooks.

—B— proposed codebook ||
—&—original codebook

Bit Emor Rate

8
SNR (dB)

Figure 3. BER when performing original and proposed
codebooks.

Figure 3 shows Bit Error Rate (BER) comparing between
the systems employing original and proposed codebook. As
we can see using proposed codebook provides lower BER.
This is because problem of getting signal loss at beam
intersection can be eased when employing the proposed one.

IV.  CONCLUSION

This paper has proposed an idea to tackle the problem of
signal loss for WiGig when employing original beamforming
codebook. The mentioned problem occurs when users stay in
the direction of beam intersection. Therefore, a new codebook
based on combination of two adjacent beams has been
proposed. After running some simulations, it can be found that
the proposed idea give rise to lower BER compared with the
one employing original beamforming codebook.
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Abstract

The Wireless Gigabit Alliance is an organization promoting the adoption of multi-gigabit speed wireless

communications technology operating over the unlicensed 60 GHz frequency band with IEEE 802.11ad standard. The antenna

technology of the standard employ a beam formation to mitigate interference signal. However, a signal loss is introduced at the

intersection of two adjacent beams when employing original beamforming codebook, hence the systems provide high BER.

Therefore, this paper proposes an extra codebook to avoid the signal drop at direction of beam intersection. The computer

simulation reveals lower BER when employing the proposed beamforming codebook.

Keyword 60GHz , Beamforming, Codebook, IEEE 802.11ad, WiGig

1. INTRODUCTION

IEEE 802.11 is a standard for wireless local area
networks that continually have been
IEEE 802.11n was

supporting higher data rates up to 300 Mbps [1], but

currently

developed. Later, approved
not sufficient for the requirements of people who
need a higher data rate to transmit high definition
data. In order to accommodate these requirements,
the IEEE 802.11ad task group was formed to provide
data rate up to the gigabit per second. The IEEE
802.11ad standard or WiGig mentioned above was
approved working within 60 GHz band and using
beamforming to mitigate interference signal [2]. This
draws lots of attention nowadays to how
beamforming can be performed properly.

Beamforming to desired direction is a result of
weighting at individual antenna elements. So far,
lots of researches have proposed codebook design in
the form of a matrix codebook for weighting scheme.
The number of matrix columns represents the
number of radiation patterns. As uses change their
positions constantly, beamforming system will
choose a radiation pattern providing maximum gain
for all at a specific scheduled times allowing the
user to obtain high speed data transmission.
However, if users unintentionally stay between two
adjacent beams, they might disconnect to the access
point as the pattern gain in the mention direction is
relatively low [3].

As the impairment pointed out above, this paper

proposes a concept to boost up the pattern gain in

the region when any two beams are intersected. This
concept can be accomplished by Maximal Ratio

Combining (MRC) process when high gain is needed

in the intersected region. The performance of
proposed concept is confirmed by computer
simulation in terms of Bite Error Rate (BER)
compared with the ones employing original

beamforming code books.

2. BEAMFORMING CODEBOOK

2.1. ORIGINAL BEAMFORMING CODEBOOK

As defined in [4], the beamforming codebook is
both the
elements M, and the desired number of beams K. For

determined by number of antenna
a 1-D phased antenna array with uniform array
spacing of A/2, the column vector of the following
matrix gives the following codebook beam vector

when K =M.

mxmod[h(x/z).lﬂ]

.f!aari K74

wim,k) = j

m=0,..M=Lk=0,.,K-1

where the function floor(.) returns the biggest
integer smaller than or equal to its argument. Also
M =mod(X,Y) is defined as X —nY where n is the
nearest integer less than or equal to X/¥.

2.2. PROPOSED BEAMFORMING CODEBOOK
This paper proposes some extra codebook which

Copyright @2013 by IEICE
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— L
Fig. 1. Codebook of 4 patterns generated by 4
antenna elements.

using Maximal Ratio Combining (MRC) between
two adjacent beams to avoid signal loss. The output
signal after performing MRC is as follow.

output = max(w; 4, + w,4,) (2)

where A; and A, are the array factor of 1° and
2" antenna patterns respectively which can be
calculated by (1), then w, and w, are complex
numbers. The systems will perform finding the best
beam as usual until they find two beams having the
same signal strength. Then, the proposed codebook
is chosen to boost up the pattern gain at intersection.
The performance comparison between original and
proposed beamforming codebook is revealed in next

section.

3. SIMULATION RESULTS AND CONCLOSION

For a beamforming system with 4x1 antenna array
and 4 beams as seen in Figure 2, thick line represents
the proposed codebook developed from original one
shown in (1). The systems will perform finding the
best beam as usual until they find two beams having
the same signal strength. Then, an appropriate
proposed codebook is chosen to boost up the pattern
gain.

This paper has proposed an idea to tackle the
problem of signal loss for WiGig when employing
codebook. The

problem occurs when users stay in the direction of

original beamforming mentioned
beam intersection. Therefore, a new codebook based
Maximal Ratio Combining has been proposed. After
running some simulations, it can be found that the
proposed concept offers lower BER compared with

the one employing original beamforming codebook.

(c) (d)
Fig. 2. Radiation patterns of original (thin lines)
and proposed (thick lines) codebook.
—HB— proposed codebook
I —&— original codebook
10°E
&
2 g
g
w
i
10t L
10" :

SNR (dB)

Fig. 3. BER when performing original and proposed
codebook using 4 antenna elements.
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Abstract— 1EEE 802.11ad standard, so called WiGig has been
defined due to the increasing market demands for high data rate
tions. The standard was approved at 60 GHz band
employing a beam formation to mitigate interference signal.
However, a signal loss is introduced at the intersection of two
adjacent beams when employing original beamforming
codebook, hence the systems provide low BER. Therefore, this
paper proposes an extra codebook to avoid the signal drop at
direction of beam intersection. The computer simulation reveals
lower BER when employing the proposed beamforming
codebook.
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I INTRODUCTION

IEEE 802.11 is a standard for Wireless Local Area
Networks (WLANs) that have been continually developed. So
far, IEEE 802.11n standard was approved to support higher
data rates up to 300 Mbps [1]. However, this is not sufficient
for the requirements of people who need a higher data rate to
transmit high definition data. In order to accommodate this
requirement, an [EEE 802.11ad task group was formed to
provide data rate up to gigabit per second.

Wireless Gigabit (WiGig) Alliance is an organization
promoting the adoption of multi-gigabit speed wireless
communications technology operating over the unlicensed 60
GHz frequency band with IEEE 802.11ad standard. The
WiGig have been defined as networks used to convey high
rate information over relatively short distances among
relatively few participants with low-cost implementation. This
becomes feasible due to the available spectrum at 57-64 GHz
in US and at 59-66 GHz in Japan. This 60 GHz band provides
around 7 GHz contiguous bandwidth. A beamforming
methodology also was proposed in the mentioned standard in
order to enhance the system performance in terms of signal
quality. This draws lots of attention nowadays to how
beamforming can be performed properly [2].

Beamforming or spatial filtering is a signal processing
technique used in sensor arrays for directional signal
transmission or reception. This is achieved by combining
elements in a phased array in such a way that signals at
particular angles experience constructive interference while
others experience destructive interference. Beamforming can
be used at both the transmitting and receiving ends in order to
achieve spatial selectivity. The improvement compared with
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omnidirectional reception/transmission is known as the
receive/transmit gain (or loss) [3]. So far, lots of researchers
have proposed codebook design in the form of matrix
codebook for weighting scheme [4, 5]. The number of matrix
columns represents the number of radiation patterns. As users
change their positions constantly, beamforming system will
choose a radiation pattern providing maximum gain for all at a
specific scheduled times allowing the user to obtain high
speed data transmission. However, if users unintentionally
stay between two adjacent beams, they might disconnect to the
access point as the pattern gain in the mention direction is
relatively low [6].

As the impairment pointed out above, this paper proposes a
concept to boost up the pattern gain in the region when any
two beams are intersected. This concept can be accomplished
by Maximal Ratio Combining (MRC) process when high gain
is needed in the intersected region. The performance of
proposed concept is confirmed by computer simulation in
terms of Bite Error Rate (BER) compared with the ones
employing original beamforming code books.

II.  BEAMFORMING CODEBOOK

A, 1-D Antenna Array

The array factor of the 1-D uniform-spaced antenna array,
generated by weight vector of the beamforming codebook as
follow.

M=-1
Z w(m k)efmkrdwsﬂ

m=0

1
Al0) = v

where wim, k) for0sm < M-1and 0 € k < K-1,
is m™ element of k™ weight vector in the codebook, d is the
array spacing, k' is the wave number equal to 27/ and A is
the wave length of incoming signal. If the antenna elements
are located along y-axis, then @ is the polar angle with respect
10 x-axis.

B. Original Beamforming Codebook

Weighting coefficients can be achieved by applying weight
vector values in codebook multiplied by array factor to obtain
radiation patterns. In this paper, we perform the beamforming
codebook for 1-D arrays with uniform array spacing of 4/2.
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For a beamforming system with Mx1 antenna array and K
beams, the beamforming codebook generates the following
beam vectors, herein so called original codebook.

w(0,0) w(0,1) w(0,K - 1)
1,0
w(m, k) = vt @
w(M-1,0) w(M,1) w(M -1,k -1)

As defined in [7], the beamforming codebook is determined
by both the number of antenna elements M, and the desired
number of beams K. For a 1-D phased antenna array, the
column vector of the following matrix gives the following
codebook beam vector when K > M.

B dfk+(K/2).K}
W(m, k) _ jﬂm’? [mxmu — }

m=0,.,M-1k=0,.K-1 3)
where the function floor(.) returns the biggest integer smaller
than or equal to its argument. Also M = mod(X,Y) is defined
as X —nY where n is the nearest integer less than or equal
to X/Y.

C. Praposed Beamforming Codebook

This paper proposes some extra codebook which using
Maximal Ratio Combining (MRC) between two adjacent
beams to avoid signal loss. The output signal after performing
MRC is as follow.

output = max(wy Ay +wyd;) 4)

where A, and A, are the array factor of 1% and 2™ antenna
patterns respectively which can be calculated by (1), then w,
and w, are complex numbers. The systems will perform
finding the best beam as usual until they find two beams
having the same signal strength. Then, the proposed codebook
is chosen to boost up the pattern gain at intersection. The
performance comparison between original and proposed
beamforming codebook is revealed in next section.

1L, SIMULATION RESULTS AND PERFORMANCE ANALYSIS

A. 4 patterns created by 2 antenna elements

For a beamforming system with 2x1 antenna array and 4
beams, the original beamforming codebook generates the
following beam vectors.

w(m,k):[_ll _1 h H ()
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Fig. 1. Codebook of 4 patterns generated by 2 antenna elements.

Fig. 2. Radiation patterns of original (thin lines) and proposed (thick lines)
codebook when using 2 antenna elements.
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Fig. 3. BER when performing original and proposed codebook using 2 antenna
clements.
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The performance of above original codebook is illustrated
as shown in Fig. 1. As we can see, 4 beams in 4 different
directions can be obtained. However, the pattern gain loss of
e.g. 0.1428 or -8.4517 dB can be noticed at intersection
between two adjacent beams. This can result in signal loss
when users stay in between two adjacent beams. Therefore,
this paper proposes some extra codebook using MRC to avoid
the mentioned loss. The results of proposed codebook are
shown in Fig. 2.

As seen in Fig. 2, thick line represents the proposed
codebook developed from original one shown in (5). The
systems will perform finding the best beam as usual until they
find two beams having the same signal strength. Then, an
appropriate proposed codebook is chosen to boost up the
pattern gain.

Fig. 3 shows Bit Error Rate (BER) comparing between the
systems employing original and proposed codebooks when
using 2 antenna elements. If we consider at SNR of 8 dB, the
original beamforming codebook provides BER of 5 x 1073
and the proposed beamforming codebook provides BER of
3% 1073, The simulation results indicate that the proposed
beamforming codebook offers lower BER over the original
beamforming codebook.

B. 4 patterns created by 3 antenna elements

For a beamforming system with 3x| antenna array and 4
beams, the original beamforming codebook generates the
following beam vectors.

111 1
wimk)=|-1 —j 1 j (©)
1 -1 1 -1

The performance of above original codebook is illustrated
in Fig. 4. As we can see, 4 beams pointing to different
directions can be obtained. However, the pattern gain loss of
e.g. 0.5556 or -2.5512 dB can be noticed at intersection
between two adjacent beams. This can result in signal loss
when users stay in between two adjacent beams. Therefore,
this paper proposes some extra codebook which using MRC at
two adjacent beams to avoid signal loss, as illustrated in Fig.
5.

Fig. 6 shows Bit Error Rate (BER) comparing between the
systems employing original and proposed codebooks when
using 3 antenna elements. If we consider at SNR of 8 dB, the
original beamforming codebook provides BER of 2 x 1073
and the proposed beamforming codebook gives BER of
7 % 107*. The simulation result indicated that the proposed
beamforming codebook has lower BER than the original
beamforming codebook.

C. 4 patterns created by 4 antenna elements

For a beamforming system with 4x1 antenna array and 4
beams, the original beamforming codebook generates the
following beam vectors.
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Fig. 4. Codebook of 4 patterns generated by 3 antenna elements.
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2. 5. Radiation patterns of original (thin lines) and proposed (thick lines)
codebook when using 3 antenna elements.
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Fig. 6. BER when performing original and proposed codebook using 3 antenna
clements
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The performance of above original codebook is illustrated
in Fig. 7. As we can see, 4 beams pointing to different
directions can be obtained. However, the pattern gain loss of
e.g. 1.4333 or 1.5634 dB can be observed at intersection
between two adjacent beams. This can cause signal loss when
users stay in between two adjacent beams. Fig. 8 shows the
outcomes when using proposed extra codebook.

In addition, Fig. 9 shows Bit Error Rate (BER) comparing
between the systems employing original and proposed
codebooks when using 4 antenna elements. If we consider at
SNR of 8 dB, the original beamforming codebook delivers
BER of 5x 10™* and the proposed beamforming codebook
provides BER of 1 x 107*. The simulation result indicated
that the proposed beamforming codebook offers lower BER
than the original beamforming codebook.

From all obtained results, employing proposed codebook
provides lower BER. This is because problem of getting signal
loss at beam intersection can be mended when employing the
proposed one.

IV. CONCLUSION

This paper has proposed an idea to tackle the problem of
signal loss for WiGig when employing original beamforming
codebook. The mentioned problem occurs when users stay in
the direction of beam intersection. Therefore, a new codebook
based Maximal Ratio Combining has been proposed. After
running some simulations, it can be found that the proposed
concept offers lower BER compared with the one employing
original beamforming codebook.

ACKNOWLEDGEMENT

The authors acknowledge the financial support from
Suranaree University of Technology.

REFERENCES

1] Y. Xiao, “IEEE 802.11n: Enhancements for Higher Throughput in
Wireless LANs™, Proc. IEEE, December 2005

[2] E. Perahia, C. Cordeiro, M. Park and L. L. Yang, “IEEE 802.11ad:
Defining the Next Generation Multi-Gbps Wi-Fi”, Proc. IEEE CCNC,
2010.

[3]  hup:/fen.wikipediaorg/wiki/Beamforming

[4] L. Chen, Y. Yang, X. Chen and W. Wang, “Multi-stage beamforming
codebook for 60GHz WPAN™, Proc. IEEE 6th International ICST
Conference (CHINACOM), 2011.

[5] W. Zou, Z. Cui, B. Li, Z. Zhou and Y. Hu. “Beamforming Codebook
Design  and  Performance  Evaluation for  60GHz ~ Wireless
Communication”, Proc. [EEE 11th International Symposium (ISCIT),

[6

Atchareeya Kongbuntad, Monthippa Uthansakul, Peerapong Uthansakul,
“Beamforming Codebook for WiGig™ APCAP Conference, 2013.

[7]  Junyi Wang, Zhou Lan, Chin-Scan Sum. et al., “Beamforming codebook

120 60

210 330
240 300
270

Fig. 7. Codebook of 4 patterns generated by 3 antenna elements.
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Fig. 8. Radiation pattems of original (thin lines) and proposed (thick lines)
codebook when using 4 antenna elements.
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Fig. 9. BER when performing original and proposed codebook using 4 antenna
clements.
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