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Summary

We consider the specific scheme of trellis codes where space-time coding and continuous phase
modulation are used. Non-linear continuous phase modulation has desirable constant envelope
properties and considerable potential in space-time coded systems. The transmitter and receiver parts
of this scheme are described. The space-time encoder is feed forward and is defined over a finite field.
The space-time encoder and the modulation is incorporated into a single trellis encoder. This allows
state combining, which leads to realization complexity reduction. We investigate the conditions where
the full diversity of the system is obtained.
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1. Introduction

Space-time coded systems developed in the last ten years have been designed primarily using
linear modulation. Non-linear continuous phase modulation has desirable constant envelope properties
and considerable potential in space-time coded systems.

The work in this paper is focused on developing and analyzing an integrated space-time coded
continuous phase modulated (STC-CPM) system. The coding of the space-time encoder and the
modulation is incorporated into a single trellis encoder. This allows state combining, which leads to

complexity reduction due to the reduced number of states.
2. Coding Scheme

Significant improvement in spectral efficiency is attainable by increasing the number of
antennas used at the transmitter and the receiver. A technique that employs coding across multiple
transmit antennas is space-time coding (STC). To date STC has improved quality but not spectral
efficiency. Minimum shift keying (MSK), a particular form of continuous phase modulation (CPM) ,
is an excellent signaling format for use in space-time coded systems. The promise of good
performance by space-time trellis coded CPM systems is illustrated by Cavers in [1].

This paper is present an in depth review of the current state of space-time trellis coded CPM
research. The space-time coded CPM system presented in Figure 1.

The space-time encoder, pulse amplitude mappers (PAM) are required to map the space-time
encoded data J; 1{0,1,..., M—l} to the channel symbols o, {-(M-]),-[M-3),...M-l} forl<is<
L.

The modulation index is set to h =§ where v and p are relatively prime integers. Then, the

physical phase is constrained to lie on a trellis.
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Fig.1. Space-time coded CPM system

The state of the phase at the i- th transmit antenna is dependent on the vector

Sin = [gi,na Ain—1 s “i.n—L+1] l=sisL, (D
where ; , is defined by Equation
6;n = [mh ¥}25 ;| mod 2m. 2)

Each vector described by Equation 1 for 1 < i < L, has 2pM"~! possible states.

The space-time encoder is feed forward, has constraint length v, and is defined over a finite
field. The overall transmitter may be represented by a super trellis and the state of the trellis at time nT
is

Si,n = [gi,na QLW Ly—q, ... :fn—L—v+1] ’ 3)

Lt2v+I,—1

where the information symbols, /,,, are binary. This super trellis has (2p) states and may take

L 2‘U+L—1

onp of these during any given interval. For example, consider M-ary CPFSK with h = ﬁ ,

which we denote as M-CPFSK, used with the delay diversity space time code. Delay diversity with L,

transmit antennas has a constraint length of L, — 1. CPFSK is full response, that is, L = 1 and with

1

h =+, variable p = M. The number of states in the super trellis for this system using the space-time

coded CPM scheme proposed in [2] is

ST — (Zp)L[2v+L_1 — (ZM)LEZLf_l = Mlep2Lle-1 (4)

In [2], design criteria are presented for space-time coded CPM in quasi-static fading, for a small
number of parallel spatial channels. The PEP is shown to have an upper bound analogous to that
derived for linearly modulated space-time codes, with a different distance matrix. The signal distance

matrix for space-time coded CPM is defined as:
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0P de ) DA (2
s=| i, | )
j{) ¢ ALt(t)Al (t)df J{) ‘ IALt(t)I2 dt

where A;(t) is the continuous time difference between the transmitted and the decoded signal from the

i-th transmit antenna. The PEP bound is derived as:

zL,-.o—l) Lyp
(Lrp—l No

Pla - &) < ————
(e, )"

(6)
where A; are the non-zero Eigen values of the signal distance matrix, and p is the number of non-zero
Eigen values or equivalently, the rank of the signal distance matrix.
The transmit diversity, d, of a space-time coded CPM system in quasi-static fading is limited
[3, 4] by:
d<1+]|L, lﬂgg(M}I' (7)
where M is the size of the CPM alphabet, R; is the system throughput in bits per symbol period and L;
is the number of transmit antennas. Conditions for full spatial diversity to be achieved in space-time
coded CPM systems are discussed in [2].
For the minimum rank of all signal distance matrices to equal the number of transmit antennas,
such that full spatial diversity is achieved, a necessary and sufficient condition is to make all

continuous time differences from all antennas linearly independent over the complex field C. Systems

that satisfy this condition and guarantee full diversity include:
» Zeros symmetry. Delay diversity is a special case of zeroes symmetry;

» Using different CPM schemes on each transmit antenna. However, this method may require
more bandwidth and be more complex;
* Memoryless repetition coding with different mapping rules on each antenna. The number of

transmit antennas must be less than the alphabet size. This method does not work for linearly
modulated space-time codes.
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PEMEHHO-ITPOCTPAHCTBEHHOE PEHIETYATOE KOAUPOBAHWE
HA BA3E CUTHAJIOB YM-H®

Coppus Mapuam
I'pysunckuii Texaudeckuit Y HuBepCcHUTET

Pesiome

PaccmarpuBaeTcs KOHKpeTHas CxeMa peIleT4aToro KONUPOBaHWE, TZAe UCIOJIb3yeTCA
BpPeMEeHHO-TIPOCTPAaHCTBeHHOe KOJUPOBaHME M YaCTOTHAS MOZYJIALMA C HeNpephIBHOHN (asoii.
Henuneiinad Monymanusa C IOCTOSHHOM Gas3oif MMeeT IIOJe3HOE CBOMCTBO IIOCTOSHHOM
ormbaromei ¥ 3HAYUTENBHBIM [MOTEHUMAX /JIf WCIOJAB30BAHMSI B CHCTEMax BpPEMEHHO-
IIPOCTPAaHCTBEHHOTO KoxupoBaHuA. OmuchiBaeTcs Kak Il€pefaiolas, TaK M IIpUeMHas CTOPOHA
TaKOIl cxeMbl. BpeMeHHO-IIPOCTPAaHCTBEHHBIN KoZep uMeeT OQYHKUUIO YIpeXIeHUd U
onpenensieTcs HAJ, KOHEYHBIM IIOJIeM. BpeMeHHO-IPOCTpaHCTBEHHBIH KOZep Y MOZYJIALUA
00BeIUHAIOTCA B OTUH pelIeT4yaTeIi KOZep. OTO MO3BOJIAET OOBEIUHATH COCTOTHUS, YTO IIPUBOJUT
K YMEHBIIEHHIO CJIOXHOCTH peanusanuy. PaccMaTpuBaroTcs yCaOBUA, IPU KOTOPBIX JJIS CHCTEMBI

obecrieynBaeTcs MOJIHOE pa3HeceHue.
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