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A novel multiple-input multiple-output (MIMO) tramission scheme called space time
trellis coded spatial modulation is proposed. Inbines spatial modulation(SM) and
space time trellis coding(STTC) to take advantageoth. The transmitted information
symbols are expanded not only to space and timeatiobut also to spatial(antenna)
domain which corresponds to the on/off status efttnsmit antenna available at the
space domain, and therefore both core STTC andmatmdices carry information.
Besides the high spectral efficiency advantage igeav by antenna domain the
proposed scheme is also optimized by deriving iXgrdity gain. Transmit diversity
schemes for the coherent multiple-antenna flatafgadihannel range from space-time
block codes (STBC) to space-time trellis codes S)['Tn this project we compare the
performance of STBC and STTC by means of framereate. Our result holds for
small numbers of receive antennas and trellis stated may extend to greater numbers
of antennas and states.

INTRODUCTION

The basic idea is to map a block of informatiors kb two information carrying units symbol from
constellation diagram and unique transmit antefha. use of transmit antenna index as an informdiearing
unit increases the overall spectral efficiency kasd»2 logarithm. A space—time code (STC) is a nietho
employed to improve the reliability of data transsidn in wireless communication systems using mlelti
transmit antennas. STCs rely on transmitting miglfipedundant copies of a data stream to the recdivthe
hope that at least some of them may survive thesipllypath between transmission and reception gocd
enough state to allow reliable decoding. Space tiosles may be split into two main types:

1) Space—time trellis codes (STTCs) distributeclli$rcode over multiple antennas and multiple tisiws
and provide both coding gain and diversity gain.

2) Space—-time block codes (STBCs) act on a blodatatd at once (similarly to block codes) and previd
only diversity gain, but are much less complexniplementation terms than STTCs.

STC may be further subdivided according to whetter receiver knows the channel impairments. In
coherent STC, the receiver knows the channel impaits through training or some other form of estioma
Space—time trellis codes (STTCs) are a type of esgane code used in multiple-antenna wireless
communications. This scheme transmits multiple,uneldnt copies of a trellis (or convolutional) code
distributed over time and a number of antennas¢&sh. These multiple, 'diverse’ copies of the dataused by
the receiver to attempt to reconstruct the actaalsimitted data.

Il Existing System:

A) V-Blast (Vertical-Bell Lab Layered Space-Time):
The increase demand for high data rate and thetrapegfficiency has led to development of Spatial
Multiplexing systems such has V-BLAST. In V-BLASTgh level of Inter Channel Interference occursgsin
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all antenna transmit their own data at the sam@amsThis further increases the complexity of wytli decoder
exponentially, while complexity sub optimum linedecoders such as minimum mean square error(MMSE)
degrade the error performance of the system sigmfly.

B) Stbc-Sm (Space Time Block Code-Spatial Modulajio

STBCs offer an excellent way to exploit the potantf MIMO systems because of their implementation
simplicity as well as their low decoding complex{fyelatar, E., 1999; Wolniansky, Rt al, 1998). A special
class of STBCs, called orthogonal STBCs (OSTBCs\ehattracted attention due to their single-symbol
maximum likelihood (ML) receivers with linear deéodg complexity. However it has been shown that the
symbol rate of an OSTBC is upper bounded bgyhbols per channel use (pcu) for more than twostrat
antennas (Alamouti, S.M., 1998). Several high BI8Cs have been proposed in the past decade (T,a¥okh
et al, 1999; Liang, X.-B., 2003; Biglieri, E.et al, 2009), but their ML decoding complexity grows
exponentially with the constellation size, whichkas their implementation difficult and expensive foture
wireless communication systems

lll. Proposed System:

A) The proposed work combines the spatial modutatith STTC. (Space Time Trellis codes)

B) The system functionalities are evaluated withRB&nd FER, metrics under various possible fading
Environments.

IV Space-Time Trellis Code:

For an STC to be used, there must necessarily Bgphautransmit antennas, but only a single receive
antennas is required; They are able to provide batling gain and diversity gain and have a beitegrpor rate
performance. However, being based on trellis coithey, are more complex than STBCs to encode anodéec
they rely on a Viterbi decoder at the receiver eh®TBCs need only linear processing. STTCs wemd&ed
by VAHID TAROKH
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Fig. 1: Trellis code state diagram

A) STTC Encoder:

Fig. 2: Encoder
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The space-time encoder maps the raw informatianitio space-time symbols based on the trellisrdiag
The encoder takes L = 130 symbols (one frame) fleenMPSK signal constellation and encodes themanto
(L x n) matrix of complex symbols where n is thember of transmit antennas. This mapping procedsire i
accomplished through the encoder structure. Ab#iginning and end of each frame, the encoder iginestjto
be in state 0. The encoding algorithm then loopsuijh each pair of input symbols and determinestliiput
for each antenna based on those current inputshencurrent state. Then the next state is detedvidased on
the current input.

B) Sttc Decoder:

The decoding procedure is based on the well-knowterd algorithm. However, for space-time codes the
Viterbi decoder is modified from the conventionaheolutional decoder so that the branch metrioimguted
from the complex inputs and the CSI. The Viterbéalder is then used to calculate the path throughrtilis
diagram with the lowest accumulated metric. Assynihmat j t r is the received signal at receivereant j at
time t, the branch metric is determined by

2

n
= hy - x|
fuml

m
Branch Metric=">"

I
4

where | t x is the transmitted signal. In thesewations, at every time unit of the trellis, a suor is
determined for each state from the minimum partiatric. The state from which the minimum partialtrice
originated is saved into a state predecessor &be $iistory) table. Once the end of the trelliseiached, the
decoder can begin to determine the sequence dhbitsvere input into the space-time encoder. Hxeginning
at the end of the trellis, select the state with $imallest total metric and save that state indtate sequence
table (if we assume that the trellis begins andséndtate 0, then this initial chosen state wdngldstate 0).

The decoder iteratively performs the following &agack procedure until the beginning of the tralis
reached: using the state predecessor table, favefleeted state, determine a new state which ipréngecessor
to that state. Save the state number of that selestate onto the state sequence table. Once dlis ts
exhausted, the completed state sequence tablshailf the state transitions taken by the final stanvi

C) Statistical Models for Fading Channels:

In wireless communications, signal fading is causgdmulti-path effect. Multi-path effect means ttmat
signal transmitted from a transmitter may have iplgltcopies traversing different paths to reacleeeiver.
Thus, at the receiver, the received signal shoeldhe sum of all these multi-path signals. Becdhsepaths
traversed by these signals are different; soméoager and some are shorter. The one at the direofilight of
signal (LOS) should be the shortest. These signédsact with each other. If signals are in phadkey would
intensify the resultant signal; otherwise, the ltasu signal is weakened due to out of phase. phenomenon
is called channel fading. In general, there are twteria to measure channel fading, including Phppler
spread, and (2) delay spread.

1) Doppler spread:

Due to Doppler effect, if a transmitter is movingagy from a receiver, the frequency of the receisigghal
is lower than the one sent out from the transmittgherwise, the frequency is increased. In wirkles
communications, there are many factors that capeceglative movement between a transmitter andeiver.
It can be the movement of a mobile such as a dading; it can be the movement of some background
objectives, which causes the change of path lehgtiveen the transmitter and the receiver. The kengf
signal path are often different, which correspandifferent movement speeds of transmitter sigraais, in turn
different frequency shifts on the signal paths.aA®sult, a frequency spread is caused in the Isgpagtrum.
Corresponding to Doppler spectrum spread, theee ésncept called coherence time, which is relatethé
reciprocal of the maximum Doppler shit. Coherennetis used to measure a time interval, in whicmaller
amount of fading is occurre&pecifically, if the baseband signal varies faskemn the coherence time, the
distortion from Doppler spread fading is negligib&uch a situation is called slow fading. Otherwi$ehe
baseband signal varies more slowly than the cokerégme, the distortion from Doppler spread fadingy be
significant. This situation is called fast fading.

2) Delay spread:

The different signal paths between a transmitter ameceiver correspond to different transmissiomes.
For an identical signal pulse from the transmitreyltiple copies of signals are received at theeirar at
different moments. The signals on shorter pathshréiae receiver earlier than those on longer paths.direct
effect of these unsimultaneous arrivals of sigrmalses the spread of the original signal in time aiomThis
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spread is called delay spread. The delay spreadgpabnstraint on the maximum transmission capacitthe
wireless channel. Specifically, if the period ofsbhand data pulse is larger than that of delayadpriater-
symbol interference (ISI) will be generated at theeiver. That is, the data signals on two neighibgupulse
periods are received at the same time, which catlsesreceiver not to be able to distinguish them.
Corresponding to the concept of delay spread, tiseaeterm called coherence bandwidth used to meake
up-limit bandwidth that can be transmitted for amhel to be free of 1SI. Coherence bandwidth isneef as
10% of the reciprocal of root mean square (rmsayleklay spread. If the bandwidth of a transmitgnal is
less than the channel coherence bandwidth, thenehamows flat fading to be free of ISI. Otherwisiee
channel shows frequency selective fading, and mgegrsfrom ISI.

D) How to Get Rid of Fading?:

Fading effect is a physical phenomenon, which cavenbe eliminated from the communication system
channel. But through some techniques we may tryetduce the effects of fading. In wireless mobile
communications, diversity techniques are widelydugsereduce the effects of multipath fading andriowe the
reliability of transmission without increasing ttransmitted power or sacrificing the bandwidth. &ese of the
randomness in the channel behavior, the deeplyfaidmals results in worst maximum bit error rate.

So the basic principle in the diversity technigaehat, multiple replicas of the transmitted signal the
receiver are created, all carrying the same inftomabut with small correlation in fading statigticThe basic
idea of diversity is that, if two or more indepentisamples of a signal are taken, these sampléfadé in an
uncorrelated manner, e.g., some samples are sevadeld while others are less attenuated. This m#at the
probability of all the samples being simultaneousyow a given level is much lower than the proligbof
any individual sample being below that level.

V Transmitter Design:
A) Antenna:

An antenna (or aerial) is an electrical device Wwhionverts electric currents into radio waves, wice
versa. It is usually used with a radio transmitteradio receiver. In transmission, a radio tratt@niapplies an
oscillating radio frequency electric current to t@enna's terminals, and the antenna radiatesnirgy from
the current as electromagnetic waves (radio wavesgception, an antenna intercepts some of tiepof an
electromagnetic wave in order to produce a tinjtag# at its terminals, that is applied to a reaeteebe
amplified. An antenna can be used for both trartsigiind receiving.

B) Omni-Directional Antenna:
Antennas can be designed to transmit or receiv nadves in all directions equally (omnidirectional
antennas), or transmit them in a beam in a paaticdlrection, and receive from that one directiorlyo

(directional or high gain antennas).
C) Algorithm:

1) Given the total number of transmit antennds, calculate the number of possible antenna cortibima
for the transmission of TC, i.e., the total numbeT C-SM code words from

c= ()]

2) Calculate the number of code words in each codlelpi, i = 1, 2, .. .n — 1 froma = |nT /2] and the
total number of codebooks from= [c/a]. Note that the last codebogk does not need to have ' ‘code words,
i.e, its cardinality i’ =c — (n — 1).

Fig. 3: Radiation Pattern
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3) Start with the construction gfL which containst which is non interfering code words as given tbelo
v = {(X Ozx(nr-2))
(O2x2 X 03y npogy)
(O2ws X 031np—6))

(022(a—1) X 02y (np—24)) }

4) Using a similar approach, construct fot 2<n by considering the following two important facts:

a)Every codebook must contain non-interfering cegaeds chosen from pair wise combinationsndf
available transmit antennas.

b)Each codebook must be composed of code wordsamitgnna combinations that were never used in the
construction of a previous codebook.

5) Determine the rotation anglésfor eachyi, 2<i <n, that maximizeSmin (x) in (5) for a given signal
constellation and antenna configuration; that is

0,p = argmax min (x),

where@ = (02,63, . . . 6n).

Then spectral efficiency of the system calculageds follows

m = élngga + log, M [bits/s/Hz|.
Then, Interfering codewords are chosen as

Xk = (X1 X2 0oy (np_9))

Xar = (02x1 %1 X2 Ogy(np_z)) €

Minimum CGD is calculated using the formula given
Sumin( X1, Xi)

P b
. 1 @9 — ety &% ra 3
= min dot( Lx(nr 31)

Ll

. L 18w RET
—&g ..f1'|'lc’“'il g —e! £ [lel:m,_g:,

Kie XK1
x] —ira
y Ty — r.__J'g\z“I T+ t'f._JEJ\'Q
—e‘._-i'g.f'é —f‘_-?gi'1
Oinr—ayxt O(nr—ayx1

Signal constellation angles are calculated aswallo
(k—1)+
=—T. for BPSK
(k—1)m ,

7, - for QPSK

The following formula will maximize the CGD

Oy =

Illﬂxémiu l-r"\Jl = nax ,111111 . ﬁmiu L‘-'k'.', "\_;nl
i.7,i#]

= max min far (#; —6;)
2,0:3F ]

D) Block Diagram Of Transmitter:
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Fig. 4: Block diagram

Conclusion:

In this paper, as an alternative to existing teghes such as SM and VBLAST. The proposed new
transmission scheme employs both APM techniquesaatehna indices to convey information and explbiés
transmit diversity potential of MIMO channels. Thaag this technique the spectral efficiency canrbproved
by increasing the coding gain of STTC.

REFERENCES

Alamouti, S.M., 1998. “A simple transmit diversitgchnique for wireless communicationt£EE J. Sel.
Areas Commuril6(8): 1451-1458.

Ba,sar E. and U. Aygoéli, 2008. “Full-rate full-diegy STBCs for three and four transmit antennas,"
Electron. Lett. 44(18): 1076-1077.

Ba_sar E. and U. Aygolii, 2009. “High-rate full-disiy space-time block codes for three and founsnait
antennas,TET Commun.3(8): 1371-1378.

Biglieri, E., Y. Hong and E. Viterbo, 2009. “On fadecodable space-time block codd&EE Trans. Inf.
Theory 55(2): 524-530.

Liang, X.-B., 2003. “Orthogonal designs with maximates,"IEEE Trans. Inf. Theory49(10): 2468-2503.

Mesleh, R., H. Haas, C.W. Ahn and S. Yun, “Spatiadulation”.

Tarokh, V., H. Jafarkhani and A.R. Calderbank, 19%pace-time block codes from orthogonal designs,"
IEEE Trans. Inf. Theoryd5(5): 1456-1467.

Telatar, E., 1999. “Capacity of multi-antenna Gasshannels,'European Trans. Telecommuii0(6):
558-595.

Wolniansky, P., G. Foschini, G. Golden and R. Valgxa, 1998. “V-BLAST: an architecture for realigin
very high data rates over the rich-scattering wsgsl channel,” irProc. International Symp. Signals, Syst.,
Electron. (ISSSE'98RPisa, Italy, pp: 295-300.



