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Differential Encoding Strategies for Transmission over Fading
Channels

Robert F.H. Fischer, Lutz H

Abstract Transmission over Rician fading channels with unknown
carrier phase is considered. Differential encoding of APSK constel-
lations at the transmitter and non—coherent demodulation without
channel state information/ carrier phase estimate at the receiver are
applied. In this paper, various differential encoding strategies suited
for multiple symbol detection are presented and compared. In par-
ticular, the encoding of the amplitude is considered. Moreover, a
method for diversity enhancement is introduced. Regarding chan-
nel capacity as an appropriate performance measure when powerful
channel coding is applied we show that the proposed differential en-
coding strategies have advantages over usual differential encoding
for transmission over fading channels. The results obtained by nu-
merical simulations are in great accordance with the prediction from
information theory.

Keywords Fading channels, differential encoding, coded modulation,
multilevel codes, channel capacity
1. Introduction and System Model

For a number of applications it is desirable to perform
transmission over fading channels without requiring chan
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In this paper, various differential encoding strategies for
transmission over Rician fading channels with unknown
carrier phase are presented. Moreover, redundant mapping
of data to phase changes and amplitude changes/absolute
amplitudes, which can be regarded as diversity enhance-
ment, is introduced. Regarding channel capacity as an ap-
propriate performance measure when powerful channel
coding is applied we show that the proposed differential
encoding strategies have advantages over usual differen-
tial encoding for transmission over fading channels. The
results obtained from information theory are verified by
simulations.

The transmission scheme discussed in this paper is
sketched in Figure 1. The actual channel is described by
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nel state information and/or reliable carrier phase estima|
tion at the receiver. In these situations, differential en-
coding at the transmitter and non—coherent demodulg
tion at the receiver are convenient. Furthermore, if high
bandwidth efficient transmission is desired, mixed phase
and amplitude modulation is advantageous. The straightrig. 1. System model.
forward extension of differential phase encoding is to
transmit the information both in phase and in amplitude
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changes, which is known asfférential anplitude and
phase hift keying (DAPSK), e.g. [Sve95, Ada96, LCF99].
Moreover, high power efficiency is achieved by applying
powerful channel coding schemes. If the underlying chan
nel is slowly time—varying, demodulation and decoding is
favourably based on blocks &f consecutive symbols, cf.
e.g. [DS94]. This approach is calledultiple symbol de-
tection

Unfortunately, it turns out that for the most relevant ap-
plications of DAPSK in practice, information carried by
the amplitude changes shows only poor reliability. Hence

the investigation of alternative strategies to usual DAPSK

is an appealing task. Based on the observation that ev
with entirely unknown channel state conveying informa-
tion in the actual value of the amplitude is still possible
differential phase encoding with varying signal amplitude
is considered.
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its discrete—time model given in the equivalent low—pass
domain, i.e., all quantities are complex [Pro95]. The chan-
nelis assumed to be a stationary, slowly time—varying, fre-
quency non—selective (non—dispersive or flat) Rician fad-
ing channel with finite memory. As usual, channel state
and carrier phase offset are expected to be constant over
a block of at leastV consecutive symbols. We focus on
the situation where neither channel state information nor
reliable estimation of the carrier phase are available at the
receiver side.

The paper is organized as follows: In Section 2, the en-
'coding strategies are presented and compared. Keeping the
definitions of the encoder in mind, in Section 3, the ca-

€Hacity of the overall channel, including the actual channel

and differential encoding/demodulation, is calculated. The

» complexity of the demodulation process is discussed. Sec-
Stions 4 and 5 summarize numerical and simulation results,

respectively. All observed phenomena well correspond to
predictions from information theory. Finally, Section 6
gives some conclusions.
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Let the encoder state be= r;e/¥» and the differen-
a S\ z tial symbola = r;el¥=. For DAPSK with A = X =
@ Capsk(a, 3) we can use the description of the differen-
tial encoder from [CFLM98, LCF99]. Here, the transmit

s symbolz (and, thus, implicitly the operator”) is given
Delay by
T = S®a — Tieiwn ®7«-Je,]§0m é T(Z—‘y—j) modaejw(n+m)nlodﬁ .
Fig. 2. Differential encoder. (4

Like the phase, the amplitude is incremented cyclicly, too.

2. Differential Encoding Strategies 2.2 Differential Phase and Absolute Amplitude En-

In differential phase shift keying information is carried coding

in phase changesmather than in the phase itself. For that Designing a nhon—coherent transmission scheme, the car-
purpose, a phase accumulation is performed at the transier phase is assumed to be unknown and uniformly dis-
mitter. Choosing the PSK symbols equally spaced on thdributed. In order to resolve ambiguities, differential en-
unit circle, this so—calledifferential encodingan be done  coding over the phase is strictly necessary. In contrast to
by multiplying the data—carryindifferential symbol(i.e.,  this, the amplitude of the received signal still provides in-
phase increments) by the previous transmit symbol, whictformation on the transmitted amplitude even if no channel
also can be regarded as thimteof the encoder [Bla90]. state information is available at the receiver. This is be-
In this section, the concept of differential encoding is cause a) the channel gain is non—uniformly distributed and
extended to APSK constellations and various encoding) the observation of amplitude transitions enables some
strategies are presented and discussed. classification of the transmitted magnitude. The layer

Let s be the currenttate of the encoder (reference sym- the length of the observation interval at the receiver, the
bol) anda € A a differential symbol drawn from the sig- more likely amplitude changes are perceivable and thus
nal setA. Then the encoder outputs the transmit symbolthe more information is provided by the actual received
z € X, which also constitutes the next state of the differ- amplitude.

ential encoder, i.es € X. The relation between, s, and Consequently, assigning information to thghase
2 will be formally specified by an operato&”, namely changeand to theactual amplitudenight be advantageous
in some situations. Here, the definition (4) of the operator
r=s®a, (1) has to be modified to

also sketched in Figure 2. In classical DPSIK,"“is the

— N [ aiom D iP(ntm) med 8
usual complex multiplication. T=s®a=re" @rjeltr S et » )
Either the same signal constellatiodsand X’ are cho-  \yhen agai _ _ :
. > 4 gaind = X = Capsk(a, () holds. Differen-
sen for the differential symbolsand for the transmit sym- - {j5| encoding in this manner will subsequently be called

bolsz (cf. usual DPSK), respectively, ot is a subset of ; : ) ) :
X like e.g. in T-DQPSK [Bak62, Rap96]. Thus, we al- %Abé‘l’:',gﬁ) amplitude andiierential phase &ift keying
ways assumed C X and “®” to be a binary (possibly
non—commutative) operation with

D AXAS X, ) 2.3 Differential Phase Encoding with Constellation

Expansion Diversity

For mixed phase and amplitude modulation over fadinga drawback of ADPSK is that if the channel is fading, part
channels, especially constellatioficonsisting ofa - 5 of the information carried by the current amplitude may be

points arranged in distinct concentric rings with radki,  |ost, In particular, even for high signal-to—noise ratios it is
i =0,...,a =1, < riy1, and S uniformly spaced  impossible to reliably transmibg, (a - 3) bits per channel
phasesp,, = %’Tm, m = 0,...,8 — 1, are suitable use.

[WHS91]: This observation calls for strategies, which are capable

to exploit the potentials of the amplitude modulation. A
i€{0,1,...,a—1} } 3) possible approach is to completely map the information
me{0,1,...6-1} f - onto phase changes of the transmit symbols. Addition-
) ) ally, the amplitude itself of the transmit symbols (partly)
We denote these constellations, which can support a maxzonyeys the same information, which introdudarsity.
imum number ofog, (- 3) bits per symbol, asASPSK. — The (differential) constellationt is then required to have
For these constellations, subsequently possible definitiong, . 3 possible phases. The complexity consideration in
of the encoding operators” are discussed. Section 3 shows that using againamplitudes does not

change the computational effort. Among all approaches

2.1 Differential Amplitude and Phase Encoding fﬂi@ﬁ;gﬁg"Sglyai?r:rangemem for the signal points is

Capsk(a, B) S {C = rid Em

In the case of differential encoding over phase and ampli- A

tude, the differential symbols give phaseand amplitude Crapsk (e, B) =

increments. We call this strategiifferential amplitude Cor

and fhase &ift keying (DAPSK) {c = Tmmoda€®® ™ [m =0,...,a8 — 1} ,(6)



AEU Int. J. EIl. Commun.
(1999) No. x, 1-1 Fischer, Lampe, Calabro: Differential Encoding Strategiés

X = Arapsk. The operator&®” is given by

A X R
o o o o T = s®a = riej‘p" ®T‘je’jwm = T(i+7) modaejw("+m)m°daﬁ .
(8)
° ° This last strategy is denoted biwisted _dfferential
amplitude and pase §ift keying (TDAPSK)
a=2 ° © For an overview, in Table 1 the various encoding
° o B=4 ° o schemes are summarized. They are classified both by the
encoding of the amplitude of the transmit symbol and by
the use of APSK or TAPSK constellations.
A X In the following, when specifying the number of am-
© o R plitudes and phases of the differential encoding scheme,
oo o IR G the parameters of the differential constellatich are
e o 6 %°1%°% o ° given, i.e., the denominationsdaj3PSK, aAD3PSK,
Z Z TaADBPSK and TvA SPSK, respectively, are used.
: o o [} a=4 [} e :oooo OOOOC; ° s
B=4 o © ° o . . .
° - ° ° 3. Capacity, Decoding and Complexity

. . . _ In multiple symbol detection, demodulation is based on
Flgd 3 Slgcnal con(stellfét)l)o?st h:)chAPSK(Qav g) ('iﬁz acfordc'i”g to ff) blocks 0pr r)(/eceived symbols. Thus, at the receiver vec-
an = Caprsk(a, right) fora = 2, 8 = 4 (top) anda = 4, - ! f

_ o i torsy of N consecutive output symbols overlapping
# = 4 (geometric ring spacing, botiom). each other by one symbol, are formed [DS94]. In order

to get rid of statistical dependencies between the blgcks
ideal interleaving at the transmitter and deinterleaving at
the receiver are performed.

because points i _whose phas_e differ by the mi_ni- Each receive vectay corresponds to a block of — 1
mum valuez—’/g have differentamplitudes. In the following  (differential) symbolsa[x], x = 1,2,...,N — 1, com-
such constellations will be denoted byistedaASPSK  bined into the vectoa = [a[1],a[2],...,a[N — 1]]. Due
(TaABPSK). to ideal interleaving the channel betweeandy is mem-

It is easy to see, that now consist of agaimy ampli- ~ Oryless and can be entirely characterized by a sigle

tudes butag phases, i.e.X = Capsk(,af3). Like in d|mgn5|onal_pobab|Ity_densny_imctlo.n (pdf)py(y|a) of
J-—shiftedM/-DPSK (e.g.5-DQPSK [Rap96]) the sets y given a. In order to calculate this pdf we first have
A'is a true subset ot and thus both sets have different t0 consider the stationary, memoryless, non—dispersive
cardinalities. But in contrast to shifted PSK at any time and multiplicative Rician fading channel between fiie

each transmit signal point is possible. dimensional vector symbois 2 [s, z[1], ..., z[N —1]] =

The operator &” is now given by [s, s®a[l], s®a[l]®al2], ..., s®a[l]®---@a[N =1]]
andy:

T=s®a=re @ren 2 rjelPnmymedas - (7) y[k] = g[k] - K1 . Z[k] + n[k] . 9)

The action of the encoder can be described by a trellidiere,k € Z is the discrete—time index of the vector
(cf. [Blag90]). Here, the trellis has? - 3 states andy - 3 channelg[k] represents the complex Gaussian distributed
branches leave each state. The succeeding state also givgiannel gain, which is identical for all components(f]

the transmit symbatk. If usual APSK constellations are Pecause of the assumption of slow fading. The average
used, the trellis only has - 3 states, and each state transi- POWer ofg[k] is normalized to one and the Rician param-

ion i i ; _ inqeter, equal to the ratio of direct to diffuse power, is de-
“025 SOiSIgleBTQISJ?:%C;S t:he4noﬁn :reil{;céagct)g?g?mghoted byK'. ¢[k] is the carrier phase, which is uniformly

: . ~ .. distributed in[0, 27) and independent afk]. The vector
lations A and X’ are shown in Figure 3. We call this dif- ) e ! : -
ferential encoding stratedwisted_dsolute amplitude and n[k] denot_es md_e pendzenﬁdmve white Gaussian pise
differential phase &ift keying (TADPSK) (AWGN) with variances;, = N, /T per complex compo-

The presented approach is similar, but not identical tonent. ‘e i ; ; ;
the diversity enhancement by rotated constellations |5ro— The pdipy (y|Z) is given in [DS94, Appendix]ib (-) is

posed e.g. in [Ker93, PE94, BV96, Fis96]. the modified Bessel fupction of order zero affddenotes
Hermite transposition):
L 1 K+1
2.4 Differential Amplitude and Phase Encoding with py (y|2) = NN [Z2 + (K + 1)o2
Twisted Constellations " "

1
Obviously, TeA3PSK constellations can also be used in - exp < = lyl* + Tl |z|?

n

connection with the encoding strategy (4). One possible
advantage of using these constellation in DAPSK is their lyzH |2 + |zt
Y K+1 ])

higher minimum Euclidean distance. It is easy to verify, :
that here no constellation expansion takes place,&nd |Z]?2 + (K + 1)02
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Table 1. Classification of differential encoding strategies (denomination, encoding strategy, signal consié)lation

Encoding of the amplitude
differential absolute
DAPSK ADPSK
A = Carsk(a, B)
Constellation Encoder (4) X = Capsk (a: /8) Encoder (5)X = Capsk (a: /8)
TDAPSK TADPSK
A = Crapsk(a, )
Encoder (8) X' = Crapsk(a, 8) | Encoder (7) X = Capsk(a, af)

2/ K(K+1 ~ bits per symbol, is calculated by [Gal68]
To ( K+ |ymH|> (10)

Z]? + (K + 1)02 ey e 1 g, {1Og2 (Mﬂ . (12)

)=
Becausez is completely given by anda, it can be N-1 py (y)
substituted by these quantities. Moreover, due to the unis i
formly distributed carrier phase the pdf only depends onWherepY(y) 's the average pdf of the channel output,
the amplitude ofs. Thuspy (y|Z) = py (y|a,|s|) holds _ _
for all definitions of®. Finally, averagingpy (y|a, |s|) 3.2 Demodulation and Complexity

over all possible amplitudds| = r yields [CFLM98] The optimum receiver performing non—coherent de-

a)=¢&, a,r)}, 11 modulation without channel state information evalu-
py (yla) {pr (yla.r)} (1) ates py (yla) for all a. In the uncoded cases =
where€, {-} denotes expectation with respectto argmax, py (y|a) is the hard decision estimate. For

channel coding, the soft-informatigr- (y|a) is directly
passed to the channel decoder.
3.1 Capacity Rewriting (11), we have

As we are intended to employ turbo codes [BGT93, a=1

BG96] as channel coding scheme, which operates close py (yla) = Z Pr{r;} - py (yla,r;) . (13)
to limits from information theory, capacity is considered s

as measure for performance assessment.

It is well-known that for capacity calculation an op- Thus, the computational complexity for the calculation of
timization over all free parameters has to be performedthe optimum demodulation values depends, a) on the size
On the one hand, the ring ratio of the (T)APSK constel- of the constellationd and b) on the number of signalling
lation has to be chosen. On the other hand, the probabiliamplitudes. FonA3PSK constellation we hayel| = a3
ties of the rings have to be regarded. Due to the rotationaand thug«3)¥ —! possible vectora. Because for eaci
invariance of APSK constellations, uniformly distributed the pdf (10) has to be evaluatedimes, the total number
phases are optimal. If differential encoding of the ampli- of pdf calculations is
tudes is used (encoding operators (4) and (8)), due to av-
eraging, uniformly distributed amplitudes result regardless oV . pN-L
the probabilities of the differential signal pointsin this . .
case we choose the symbaigo be uniformly, indepen- Where the number of amplitudes contributes more to the

dently and identically distributed maximizing the through- cOmplexity than the number of phases.
put of the channel. Notice, that because the metric calculation primarily de-

For absolute amplitude encoding an optimization of theP€nds on the size of the constellatidn constellation ex-
amplitude distributionPr{r;} can be performed. But it Pansion with respect to phase does not required more ef-
turns out that the gains are negligible. This is becausd®rt. In particular, regardiess the difference of one modulo
uniformly distributed APSK constellations already exhibit ddition at the encoder, all strategies discussed in Table 1
some shaping. Like in warping [BCL94], a non—uniform Nave the same complexity.
density is achieved by optimizing the spacing of the signal,, N coherenttransmission over the AWGN channel, often
points, rather than the probabilities. Hence, optimizing theth® decoding complexity is reduced by regarding only the
ring ratio is almost identical to optimizing the amplitude N€arest neighbours of the receive point. Using this sub—
distribution. The geometrical spacing of the rings leads to@Ptimal metric usually results only in marginally losses.
a discrete second order hyperbolic distribution of the two—H€re, & similar approach can not be found. It seems to
dimensional points, which closely resembles a discrete 0€ impossible to obtain the radius corresponding to the
Gaussian distribution. Moreover, despite the unavoidablglominant term in (13) by solely inspecting the arguments

uniformly distributed amplitudes, also for differential en- ©f the pdf (10).
coding of the amplitude some kind of shaping is active.
Thus, in all situations we fix the symbots to be uni- )
formly, independently and identically distributed. 4. Numerical Results
Subsequently, we use the term “capacity” for the mu-
tual information given the uniform distributed constella- In this section we present capacity curves for differen-
tion. Then, the normalized channel capacity, measured itially encoded transmission versus the (average) signal—
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35| N=2 7 1 35| N=2
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— absolute amplitude i — ¢4’ absolute amplitude
S 2% encoder PN : S 25 " encoder i
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g 2 2L encoder g 2
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& 15 ,;d/ E sl
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-10 -5 0 5 10 15 20 25 30 -10 -5 0 5 10 15 20 25 30
10logyo(Es/No) [dB] —» 10logyo(Es /No) [dB] —»
Fig. 4. Capacities for AWGN channeN = 2. Fig. 5. Capacities for Rayleigh fading channil.= 2.
to—noise ratioE; /N, (E,: average energy per symbol, 4
Ny: one-sided noise power spectral density). Thereby, AWGN
we concentrate on the application of 16—ary modulation 35| N =3
schemes with non—coherent detection and transmission
over the AWGN channel{ — oo) and the Rayleigh T 3t
fading channel K’ = 0), which are the most interesting '
special cases of the Rician fading model. G 251 : B X
Besides usual D16PSK, differentially encoded trans- E absolute amplitude 7/, diff. amplitude
mission using two signalling amplitudes is reported as a @
convenient scheme, cf. e.g. [Sve95, Ada96, CFLM98]. &
Consequently, we consider D2A8PSK, 2AD8SPSK, = !°7 ©_— D1ePSK
TD2A8PSK, and T2AD8PSK constellations, respectively. ©
According to [LF99] we choose the ring ratio, /ro tr —o D2ABPSK
equal to 2.0, which is most appropriate for D2ASPSK —e~ 2ADBP3K
transmission over fading channels with powerful channel ~ °° | —=— TDRA8PSK
coding. Note, optimally the ring ratio has to be optimized o | ‘ ‘ ‘ —=— T2ADBPSK
for each value of the signal-to—noise ratio. -0 -5 0 5 10 15 2 2 30
For N = 2, Figures 4 and 5 show the capacity 10logo(Es/No) [dB] —»

of D2A8PSK, 2AD8PSK, TD2A8PSK, and T2AD8PSK.

Furthermore, the capacity of D16PSK is given for ref- Fig. 6. Capacities for AWGN channeN = 3.

erence. Clearly, for the AWGN channel where the am-

plitude transmit factor is constant, modulation of the ac-

tual transmit amplitude is superior to differential encod- _ _

ing over the amplitude. But in the case of Rayleigh fad-and ADPSK moves towards higher capacity values (3.1

ing andN = 2 DAPSK performs significantly better than bits/symbol), as compared t§ = 2. This is due to the

ADPSK. TADPSK does not undergo the severe degradafact that if NV increases the use of both signal amplitudes

tion as ADPSK, but it is outperformed by DAPSK for ca- Within the observation interval becomes more probable.

pacities larger than 2.2 bits/symbol. Only for low rates, Hence, increasingV, ADPSK becomes more and more

introducing diversity and using the absolute amplitudesthe favourite choice because amplitude classification gets

is rewarding. The curves for DAPSK and TDAPSK are more reliable. The best performance for the entire capacity

almost indistinguishable. Thus, for differential amplitude range is achieved if diversity is introduced and TADPSK is

encoding the higher Euclidean distance of twisted constelapplied. For high SNR, DAPSK, TADPSK and TDAPSK

lations does not provide gains. This emphasizes the knowierform nearly the same. We can conclude from the results

fact, that Euclidean distance is not a suited parameter fofhat for V > 2 TADPSK constitutes the favorite strategy

differential encoding. D16PSK, which requires only half for multiplicative Rician fading.

the demodulation complexity, can always (considerably) The results can be summarized as follows:

be outperformed by D2A8PSK with optimal ring ratio. = APSK constellation: Modulation of the absolute ampli-
Figures 6 and 7 summarize the numerical results for tude is favorable for the AWGN channel, but for the

the caseV = 3. Again, on the AWGN channel ADPSK Rayleigh fading channel a flattening at high SNRs oc-

and TADPSK show almost identical performance. These curs.

strategies are superior to the schemes with differentialTAPSK constellation: TAPSK constellations do not pro-

amplitude encoding. For the Rayleigh fading channel the vide any gain on the AWGN channel, and on the

point of intersection of the capacity curves of DAPSK  Rayleigh fading channel with differential amplitude en-
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Ee) Ve T
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S encoder %7 encoder 5
b 4 m
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05
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0 I L L L —=— TRADBPSK 10’5 L L | L L L
-10 -5 0 5 10 15 20 25 30 5.5 6 6.5 7 7.5 8
10logyo(Es/No) [dB] —> 10logyo(Ey/Ng) [dB] —>
Fig. 7. Capacities for Rayleigh fading channil.= 3. Fig. 8. Simulation results. AWGN channé¥. = 3.

coding. But due diversity, TADPSK is the favorable to perform a maximum number of 6 iterations. The code
choice when modulating the actual amplitude on thelengths of the binary component codes are chosen equal
Rayleigh channel. The advantages growNamicreases.  to 3000, i.e., the overall delay of the transmission equals
Table 2 gives some guidance for selecting the most approtN — 1) - 3000 = 6000 channel symbols.
priate differential encoding scheme. In Figure 8 the bit error rates ovés, /N, (Ey: energy
per information bit) of both D2A8PSK and T2AD8PSK
with a rate of 3.0 bits/channel use over the AWGN chan-
nel are plotted. The target rate 3.0 bits/channel use divides

5. Simulation Results optimally into the individual rate® = C* with

In order to further assess the proposed differential encod-o 7 _
ing strategies D2ABPSK and T2AD8PSK over the AWGN C /--/€" = 0-33/0.44/0.89/0.90/1.00/1.00/0.67/0.77

and the Rayleigh fading channel are numerically simu-for p2ASPSK and

lated. An observation interv&¥ = 3 is chosen, and again

no channel state information is available at the receiver. C%../C" =0.25/0.35/0.85/0.89/1.00/1.00/0.83/0.83
As coded modulation scheme we applwltievel

coding (MLC) with multistage @coding (MSD) [IH77]  for ~T2AD8PSK. Here, R°,R?>,R* R® and

and binary component codes. At the transmilfer 1 = 2 1 R3, R, R” correspond to the first and to the

consecutive transitions are determined by 2 differentialseong co’mponent af, respectively:R® and R” deter-

symbols taken from anf = 16-ary signal set. For chan- mine the amplitude change (D2A8PSK) and the absolute
nel coding, these symbols are encoded in one step. Using it de (T2AD8PSK) of the transmit signal, respec-
Unggrklnocks Iﬁbellngé = EjN —ﬁ) -log, (af) :hilg;”?]fy tively. As reference, the capacity limits derived in the last
symbols are thus mapped to the vector sym IS section and now taking the finite error rate into account
paper, the rateR’,i = 0,...,/—1of the/ binary compo-  (“rate—distortion capacities”) [BM74] are shown.

nent codes are always designed according to the capacities The curves in Figure 8 verify that the advantage of
C* of the equivalent channels of MLC/MSD with the sum T2AD8PSK over D2A8PSK predicted by information the-
equal to the desired target rate. Noteworthy, this procedurery can be utilized in practice. Almost the whole gain
is optimum for capacity approaching codes [WFH99] andwhich is quantified by the rate—distortion capacities can
we do not regard parameters such as minimum squarege ohserved in the simulation. For BER’s aroufd* the
Euclidean distance, minimum Hamming distance or prod-gyap hetween the required signal-to—noise ratios and the
uct distance. For short to medium code lengths, other degapacity limits is about 1.3.1.4 dB. As no optimization
sign rules, e.g. based on error exponent or on the error ratgf the interleavers of the turbo codes has been performed
of the individual levels are imaginable. Thereby, heuristi- gome flattening of the error curves can be recognized.
cally, the error propagation from level to level can be taken * Next, Figure 9 presents the simulation results for trans-
into account. For details on code design rules and a tutorigiyission over the Rayleigh fading channel with a rate of

review on MLC see [WFH99]. 2.5 bits/channel use. Here, the optimal individual rates are
Turbo codes [BG96] (parallel concatenated convolu-given by

tional codes with 16 states each) are employed as compo-

nent codes. The systematical decoder concept according®, /7 — (0.36/0.44/0.70/0.75/0.87/0.89/0.45/0.54
to [WH95] is used. Rate is adjusted by symmetric punc- /oA / / / / / / /
turing of parity symbols, cf. [WH95]. The interleavers for D2A8PSK and

of the turbo codes are randomly generated, i.e., no opti-

mization has been performed. The decoders are allowed”/.. /C™ = 0.29/0.37/0.68/0.70/0.88/0.89/0.57/0.62
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Table 2. Recommended differential encoding strategies.

Encoding of the amplitude
differential absolute
DAPSK ADPSK
APSK 4
; Rayleigh,N = 2 AWGN
Constellation4 TAPSK TDAPSK TADPSK
— Rayleigh,N > 2

Rayleigh
N=3
—— T2ADBPSK |
=== D2A8PSK

~‘capacity limits T

8 8.5 9 95 10 105
10logyo(Ey/Ng) [dB] —>

[Adag6]

Fig. 9. Simulation results. Rayleigh fading chanmél= 3. [Bak62]

[BCL94]

for T2AD8PSK. Again, T2AD8PSK outperforms
D2A8PSK as expected by capacity arguments. The
achieved gain in signal-to—noise ratio is in the order[BG%]
of the theoretical gain. For BER’s arourid—* a gap
between 1.8 and 2.0 dB to capacity limit results.

[BGT93]

6. Conclusions

[Blag0]
Differentially encoded transmission over non—dispersive
fading channels and non—-coherent reception without chanBM74]
nel state information is considered. As alternative strate-
gies to usual differential encoding over amplitude and
phase, differential phase encoding with absolute ampli- \O6
tude encoding is regarded. Furthermore, redundant encodEV®®l
ing of the information into phase changes and absolute
amplitudes using twisted differential constellations is in-
troduced.

In order to assess the performance of the different
schemes the corresponding channel capacities are calcu-
lated as a function of the average signal-to—noise ratio.

The numerical results for 16—ary modulation show that[DS94]
diversity differential phase encoding with absolute ampli-
tudes almost always outperforms usual differential encod-

ing. In particular, diversity differential encoding consti-
tutes the most favourable choice if multiple symbol detec-
tion (V. > 2) is applied. Differential encoding of only the
phase of APSK constellations is an interesting solution in
the case of Rician fading with relatively large mean value
and/or if multiple symbol detection with relatively long [cales]
observation interval is used. The performed simulations

[Fis96]

[CFLMO8]

2 employing multilevel coding with turbo codes as compo-

k- = HEEE nent codes verify the theoretic results.

It turns out, that the gain attainable by the modified dif-
ferential encoding strategies is for free, since it does not
require any increment in the coding/decoding complexity
when used together with channel coding.
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