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Abstract
In this paper we present a survey based on vastareh done in the area of various important factoetating to full duplex
communication revealing several facts. In fact ¢heevelation has served to be vital in the futuesign of any full duplex
communication system . The major problem or chghefaced in such a system was the interferenceedafiem the transmitting
antenna on the receiver antenna placed at the samde. The interference was termed as ' self intenfee'. Wireless transceivers
nodes can select between transmit and receiveifunscon the same frequency band at different {ifiene Division Duplex-TDD)
or they can transmit at the same time at diffefezfjuencies ( Frequency Division Duplex-FDD). Relyeresearchers have put forth
a new radio system, that can operate full duplesr @vsingle channel , that is transmitting ande®ing at the same time on the
same frequency band. This kind of system is ovémvgeby interference. Interference need to be ceduo the point where the
receiver can detect even the weakest signal ofesite Several active interference cancellation téghes that can help in self
interference reduction have been proposed. Theepitdsurvey was helpful enough to come out witb\eelnsolution to an antenna
design based on passive suppression techniqueg pisiarization and other diversity techniques sd@reduce the self interference

problem.
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1. INTRODUCTION

Full duplex communication has the potential to deuthe
capacity through the removal of a separate frequenc
band/time slot for both forward and reverse linkad there
has been much recent interest in full-duplex comoation
systems operating on a common carrier. Advancesienna
designs and analog/digital interference cancelatoouits
have shown significant progress in canceling thdf se
interference, and make the design of a single atlafull
duplex (SC-FD) communication system a possibility.

Efficient approach and use of available spectrusouece is
the main challenge in wireless communication systém
conventional wireless communication systems, the tmain

processes for preventing interference are timesidimi and
frequency-division, which separate the uplink amvdlink

channels in the time domain and frequency domaectoeve
bidirectional communication, both approaches areaied

half-duplex communication techniques. There areesdv
techniques which put forwards the possibility tansmit and
receive signals in the same frequency band simediasiy.

Comparing with traditional methods, single chanimeplace
of two ones is used for duplex, thus in theory, nrte
capacity can potentially be twofold comparing witkalf-

duplex.

The key challenge in achieving true full-duplex
communication is the large power differential betwethe

“self-interference” created by a node’s own radamsmission
and the signal of interest originating from a distaode. The
large power differential is simply because the-seHrference
signal has to travel much shorter distances cordptrethe
signal of interest. As a result of the large pow#ferential,
the signal of interest is swamped by the self-fetence in
digital baseband due to finite resolution of andlegligital
conversion[16].

Achieving such a system capable of full duplex
communication would overcome several drawbackineless
communication networks such as bandwidth conssaint
ubiquitous demand for high transmission rates rieduself
interference effects in full duplex operation, emtiag
performance in packet collision detection and raiiigy
hidden terminal problems etc.

A Single Channel Full Duplex System alleviates salve
wireless bottleneck situations. With no time dioisi the
hidden node problem is reduced since the access gsipond
without delay to the first transmitting node .Otmexdes hear
that response and delay their transmissions regucin
collisions. Full Duplex reduces loss of networkoiighput and
the delay in multi hop networks. Earlier, Full Depl
prototypes with off-the shelf parts and incorporgtiEEE
802.15.4 Modulation/Demodulation  schemes with 1mw
Transmit power achieves performance within 8% oficeal
system to a distance maximum up to 8m LOS[1].
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The full-duplex communication causes wide attention
although it has been proposed in a short while,ibsdunds a
little unapparent and extraordinary. Some recestaeches
have verified the feasibility of full duplex wirede device in
practice [1,3,4,8,9]. To realize full duplex opésat the key
issue is that how to as much as possible, canedhtige self-
interference signal.

2. BACKGROUND STUDY

Wireless communication is becoming increasinglyvpsive
in day to day life. The one and old perception rdue wire
free communication is that information through cadannot
be transmitted in the same frequency band at tme $@ne. In
normal case a transmitting node cannot receive {tata
another node, until its own transmission is overerEif it
happens to receive or attempts to receive whilestritting,
packet collision occurs. This one way communicatisn
termed as the half duplex wireless communicatioireldss
communication has made it possible to transmit oeive
simultaneously with self interference cancellaticemd
suppression techniques. This is called full dupleixeless
system. Shortcomings in transmitting and receivaigthe
same time have led on to several problems in vasetystem.

It was way back in 1997 the idea of integratedvactintenna
capable of full duplex operation came up. Metal-
semiconductor field-effect transistor (MESFET) caty
mounted on the edge of the patch to form an oswmilland
another MESFET [2], configured as an amplifier dre t
orthogonal edge to act as the first stage in aiveceThe
inherent isolation of the center points of orthogloedges of a
square patch was used as the basis for the transgeive
isolation. This transceiver was linearly polarizeith transmit
and receive channels on orthogonal polarizationbe T
channels were of the same frequency, but could fiseto
depending on the application. A method to improhe t
isolation of the single patch is that of sequentithtion. Here,
the receiver outputs were taken from oppositeedf the two
patches and the phases of the direct feed through signals from
transmit to receive were adjusted so that they are 180° out of
phase which upon combining, will cancel.

The received signals are forced to be 180° out of phase by the
positions of the receiver outputs; thus, when comdithey

will add in-phase. This method increased the igmiaby 20—

30 dB.

Several works in the design of single channel fldplex
wireless transceivers have already being done dthwh
work[1] where a combination of RF and basebandrtegles
were used to achieve full duplex with minimal etfe€ link
reliability. The work also proposes a novel techieidor self
interference cancellation using multiple antenngst¢ 30dB
cancellation). This technique in conjunction with Rand
digital baseband interference cancellation offgrstas 60 dB

suppression. They evaluated how antenna placenifsttisa
cancellation and the signal profile at the transamtenna’s
intended receiver. For narrowband systems, thentqab was
sufficiently durable and long lasting. The threesiba
limitations to this design were: transmit powerzesiand
bandwidth .It proposes ways to overcome the chgdenin
full duplex wireless systems like hidden terminablkgem,
where for. node A and C can communicate with nodeuB
are hidden from each other, throughput loss dumtgestion,
and large transmitter end-to- receiver end delays.

Another simple, low calculative cost and a techaigquith
sufficient convergent rate and low maladjustmentjtds
proposed few years back , which was done using tiadap
digital interference cancellation technique basadadaptive
filter. The adaptive filter can track the real-ticieanges of the
self-interference signal and adaptively adjust meefficients
with the error signal to minimize fine delay, antptie and
phase offsets between the self-interference sigmal the
recreated signal. This method is possible to caabelt 20
dB of self interference signal.
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Fig 1. Receive throughput at a node with self interfeeenc
using digital interference cancellation [1]

The analog domain cancellation provides good céatomh at
centre frequency. Discussing about the analog agprto self
interference cancellation ,analog techniques ensptogecond
transmitting wire to produce an analog cancellation
suppression signal, which is subtracted from tbeeived
signal. Some other analog interference cancellation
mechanisms use QHx220 noise canceling chip to rensov
known analog self-interference signal from the e
signal. Recently most researches concentrate oenmat
placement and analog interference cancellation,sthdy of
digital interference cancellation is only a few [y 14, 16,
11], and the performance is not very desirable. é&s@mple,
the digital interference cancellation achieves argund 10-
20dB reduction of self-interference signal in [1].

The antenna cancellation technique discussed iretigloys
cancellation with three antennas to create radigiadtern null
that totally cancels out the self interference e teceiver
antenna at the same full duplex node, and also aiIsena
placement as an additional cancellation technigith this.
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For a wavelength, of the three antennas two are for transmit
purpose placed at a distance 'd’ and d2+apart from the
receiver antenna. Transmit antennas add destrliyctite
cancel out each other, causing a null position wheceiver
antenna hears a much weaker signals .The inpualsigrthe
closer antenna is attenuated to get the receivaglitade to
match the signal from the second transmit anterhas,
achieving better cancellation up to 20dB.
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Fig 2 : Multiple Antenna Self interference cancellatioRF
and Digital cancellation.[3]

Balun cancellation is proposed [3], using a baldrce
unbalanced converter (balun) in an absolutely newy. wn this
proposal, the inverse of self interference is algdiby a balun
and uses this generated inverted signal to carlself-
interference signal. The transmit antenna of a roalesmits
the positive signal which produces the self-interfiee signal.
For canceling the self-interference signal, théaadmbines
the negative signal from the balun with its recdiggnal. The
inverse signal is a modified signal by a varialdéag element
and a variable attenuator to as far as possiblechmat
obtained to the self-interference signal. The bahased
cancellation technique theoretically has no linttat on
bandwidth or power, and can offer self-interference
suppression perfectly, by at least 45dB.
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Fig 3: Block diagram of full duplex system with Balun iaet
cancellation[3]

Another way in which the isolation between the s$rait and
receive antenna is increased with low insertions legs
proposed [4] in full duplex communication using @n
common carrier operating with a single antenna.

In the single antenna configuration setup two femints
which helps the antenna to radiate and receiveakigwith
polarization diversity. The feed points are givequa
amplitude but with 90 degree relative phase diffeee A
balanced feed network as shown in figure satisties
requirements providing isolation up to 40 dB.
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X
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Fig 4. Diagram of the single antenna with balanced feed
network providing high transmit channel to receit@nnel
isolation.[4]

Directional diversity [5] unlike the other activeelk -
interference cancellation techniques where actoraponents
are used and an active cancellation signal is bpinduced.
In this idea a passive approach where directiontrmas in
wireless networks was used with three main motvesti (1)
Decreasing interference between devices and (2yowimm
power efficiency and (3) Pushing the range limitasi of full
duplex communication systems. Thus directional ity
provides additional passive suppression for sddrfarence.
Passive suppression via directional antennas édsesafull-
duplex to achieve significant gains over half-dupleven
without resorting to the use of extra hardwarederforming
RF cancellation as has been required in the previeork.
The measure of the angle in between the uplinkdavenlink
directions is important, the larger this angle, there one can
isolate the transmitter from the receiver via angen
directionality factor.

Very recently an RF interference cancellation témphe

combined with a combination of variable attenuatod phase
shifter [9] with a general antenna was proposddng with

digital interference cancellation techniques a saHrference
suppression of -75dB was achieved.
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Fig 5:Proposed RF interference cancellation technique [9]

2.1 Summary of Cancellation Techniques:

Analog Domain Cancellation: ~30dB

Radio Frequency Interference Cancellation (RFI@BdB
Feed Forward Technique: 40-45dB

Antenna Cancellation Technique: ~30dB

Using Baluns +RFIC + Digital Cancellation: ~73dB

After a thorough study through the various seleifégrence
cancellation techniques we come to know that méshem
use active signals or components like noise caatcail chips
for self interference cancellation. However our kvor
concentrates on passive self interference reductisimg
techniques like polarization and directional dsigr.

3. PROPOSED WORK

Every self interference cancellation technique priftg need
to overcome the noise floor range ,which is the suea of
signal created from the sum of all noise sourcesuwswanted
signal . For example for 802.15.4 systems, whioh @dBm
transmit power[1], the power of the transmit antgarsignal
at a receive antenna placed 6 inches away is ~#0dBe
noise floor is ~-100dBm, hence if we can remove B@d
self-interference by cancellation, we can decode rdteive
antenna’s signal.

Our proposal improves on the complexity of desifalloprior

related works on a full-duplex wireless system tlcan

transmit and receive at the same time in the saswuéncy
band. Since they require at least two antennasasne for
transmit and one for receive antenna. The key ehgdl in
realizing such a system lies in addressing theistdfference
generated by the transmit antenna at the receneaatenna.
For example, one can implement the above selffariemce
cancellation idea completely in analog domain usinjse
cancellation circuits as reported by Radunovic [Blit

practical noise cancellation circuits can only Haraldynamic
range of at most ~30 dB.

We consider designing the antenna and applying the
technology to IEEE 802.11 radio where the transioiss
power and bandwidth are larger ,where much larger

interference need to be suppressed. Polarizatiod an
directional diversity of Transmit/Receive antenmnase tested
during design for achieving better isolation of fsel
interference between the Transmit and Receive aatearts.
Measured values of self interference suppress@xpected

to be acceptable considering the already propioesd where
,approx.~73dB as in case of combined analog anitabtig
cancellation techniques 40-45dB was reduced usatgnbed
feed networks.

The objective in the design by directional ori¢iota and
polarization  diversity applications makes it cdpalfor
reducing the self interference problem , thererfzyeasing the
efficiency in Single Channel-Full duplex Communioat
systems with single propagation paths .

4. CONCLUSIONS

Self interference cancellation techniques can b® to
prejudicing as it would need to ignore several bécdd
limitations. The prospects and consequences of gathod
was surveyed and studied to understand the actagiloution
from each technique, mostly the active cancellatinas. The
suppression levels of self interference that wasexed was
worthily noted.

Extending full duplex communication to a longergarcould
remain a challenge primarily due to the residualf se
interference even with the combination of passind active
cancellation methods. Proposed work concentratgsassive
cancellation ideas where less complexity, powed size is
ensured .The novel idea of polarization diversity
suppressing self interference at full duplex noidebrought
up. Investigate and overcome the effect of selérfisrence
problem in the design of a novel patch antennatetresceiver
node at 2.4Ghz.Carry out polarization and spacersity to
maximize isolation. Directional diversity by oriatibn,
Design possibility of Transmit and Receive antenmrasame
substrate reducing size and cost., Higher totélistdrference
reduction is expected out of the total work.
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