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Abstract—Differential  Amplitude Phase Shift Keying
(DAPSK), which is also known as star-shaped QAM has
implementational advantages not only due to dispensing whit
channel estimation, but also as a benefit of its low signal
detection complexity. It is widely recognized that separaly
detecting the amplitude and the phase of a received DAPSK
symbol exhibits a lower complexity than jointly detecting he
two terms. However, since the amplitude and the phase of
a DAPSK symbol are affected by the correlated magnitude
fading and phase-rotations, detecting the two terms comptely
independently results in a performance loss, which is espidly
significant for soft-decision-aided DAPSK detectors relyig on
multiple receive antennas. Therefore, in this contribution, we
propose a new soft-decision-aided DAPSK detection method,
which achieves the optimum DAPSK detection capability at a
substantially reduced detection complexity. More specifially,
we link each a priori soft input bit to a specific part of the

the pilot-overhead. It is demonstrated in [8] that the low-
complexity non-coherent schemes are particularly immbrta
in the context of relay-aided cooperative systems, whei® it
unrealistic to expect that the relay can altruisticallyiraate
the source-relay channel.

The state-of-the-art channel decoding algorithms may be
beneficially applied to the soft-decision-aided demodukat
[1], [9]. More explicitly, the classic BCJR algorithm of [10
invoked the MAP algorithm for channel decoding. Following
the conception of the Soft Output Viterbi Algorithm (SOVA)
[11] for reducing the complexity of the MAP algorithm, sub-
stantial research efforts have been dedicated to chandebkco
An outstanding invention was the classic Log-MAP algorithm
[12], which operates the MAP algorithm in the logarithmic

channel’s output, so that only a reduced subset of the DAPSK domain. The so-called Max-Log-MAP algorithm was also
constellation points has to be evaluated by the soft DAPSK proposed in [12], which searched for the two maximam
detector. Our simulation results demonstrate that the propsed posteriori symbol probabilities having their specific bit fixed

soft DAPSK detector exhibits a lower detection complexity than
that of independently detecting the amplitude and the phase
while the optimal performance of DAPSK detection is retaingl.

Index Terms—Reduced-complexity, Log-MAP, Max-Log-MAP,
Soft-decision-aided detection, DAPSK, Star QAM, lteratie
demapping and decoding.

I. INTRODUCTION

It is widely recognized that soft-decision techniques al

superior to hard-decision techniques. More explicitlye th
classic QAM detector was further developed for processir];u

soft bits, to show that the full potential of sophisticatexied

modulation schemes can be beneficially exploited [1]. How:

ever, accurate Channel State Information (CSlI) is requined

coherent QAM detection for avoiding false phase-locking o

the carrier-recovery scheme [2]-[6]. As a remedy, Diffeian
Amplitude Phase Shift Keying (DAPSK), which is also know
as Star QAM, was proposed in [7] in order to dispen

with high-complexity CSI estimation and hence to eliminat:
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to 1 and 0, respectively. In this paper, we focus our attentio
on the low-complexity Max-Log-MAP conceived for soft-
decision-aided DAPSK detection.

Apart from dispensing with channel estimation, DAPSK
schemes also benefit from a low signal detection complexity.
It is widely recognized that separately detecting the atunghéi
and the phase of a received DAPSK symbol exhibits a lower
complexity than the complexity of jointly detecting the two
rterms. Following this idea, the hard-decision-aided DAPSK
Femodulator and the soft-decision-aided DAPSK demodulato
ere proposed in [7] and [13], respectively. However, in
gct, the ring amplitude fading and the fading-induced phas
rotations of a DAPSK symbol are correlated, hence the attemp

W

of detecting the two terms completely independently regult

performance loss, which is especially significant for DKPS

etectors relying on multiple receive antennas. As a rerreedy
novel soft-decision-aided DAPSK demodulator which jgintl
detects the amplitude and the phase was proposed in [14], but

s detection complexity was substantially increas&dainst

fhis background, the novel contributions of this paper ase a

follows:

1) We demonstrate that a performance loss is imposed by
independently detecting the received amplitude and the
received phase of hard-decision-aided DAPSK, when
multiple receive antennas are employed. As a remedy,
we propose a hew hard DAPSK detection method, which
detects the amplitude with the aid of the detected phase.
As a result of this 'partially-joint’ amplitude-phase de-
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tection, the optimal performance is retained. Ty aTeduced
2) Secondly, we propose a new method for substantially ’g:rﬁnsteﬁatlon )9In ta en
reducing the detection complexity of the soft-decision- 0111
aided DAPSK detector of [14], which may be invoked by ' ]
a variety of iterative demapping and decoding schemes. E |
More specifically, we link each a priori soft input bit N 011Q ..L. 0010
to a specific part of the channel's output, so that only 0101 T
a reduced subset of the DAPSK constellation points ' 0100 ] 000
has to be evaluated by the soft DAPSK detector. Our . ; ] »‘
simulation results demonstrate that the proposed soft——+————F—+—— R
DAPSK detector exhibits an even lower detection com- -« 3 T ol @
plexity than that of the separate amplitude-phase DAPSK 1101 1100 T 1000 1001
detector of [13]. This is achieved without imposing ® +iilo T 1010 ?
any performance loss compared to the optimal joint :
amplitude-phase DAPSK detector of [14].

The remainder of this paper is organized as follows. The ce A 1011~
hard-decision-aided DAPSK detector and the soft-decision O
aided DAPSK detector are introduced in Secs. Il and lll, T
respectively. We provide simulation results in Sec. IV, lehi

Fig. 1. Constellation diagram of 16-DAPSK (2,8). The colatien diagram

our concluspns are O_ﬁered in Sec. V. of M-DAPSK (M 4, Mp) is rotated anti-clockwisely by /Mp, so that there
The following notations are used throughout the papéf. are exactlyrs/4 constellation points in each quadrant.

DAPSK (M 4,Mp) represents ai/-DAPSK scheme that has

M 4 ring-amplitudes andV/p phases, where we hawe =

MaMp. The number of modulated Bits Per Symbol (BPS

0001

ormulated as:

is given by m = ma + mp, wherem, and mp are the ﬁ, if k=0,

bits which are mapped to the ring-amplitude and to the phase, Tk = { Sk_1Tk_1, if k>0, @)
respectively. Furthermore, we uge* to denote the conjugate

of a complex symbol/vector, whilg||? refers to the Euclidean where the modulated symbal,_; = (JAYR_1)

norm of a vector/matrix. The subscript of a symbol (e.garries the source information. More epr|C|tIy, a generic
the subscriptk in s;) indicates the time index, while the DAPSK modulator assigns the firshp bits to modulate
superscript of a symbol (e.g. the superscuifit s*) represents the phase difference of the transmitted symbojs ; =
the modulation index. exp(jAYr_1) = exp [j(¢¥r — ¥r—1)] as anMp-PSK phasor,
while the lastn 4 bits are assigned to modulate the amplitude
difference of the transmitted symbalg | =
the previous ring amplitude;_ . More specmcally, for two-
A. DAPSK Modulation ring M-DAPSK (2Mp) schemes, the amplitude difference is

) ) _ modulated as:
The constellation diagram of the classic 16-DAPSK(2,8)

II. HARD-DECISION-AIDED DAPSK DETECTION

scheme is portrayed in Fig. 1. We deliberately rotate all the a”t if by =1andy,_1 = %,
DAPSK constellations of [3], [7], [13], [14] anti-clockwés 1 =< 1, if by =0, )
by n/Mp, so that there are exactly//4 constellation points a, if b, =1 andy,_; = ﬁ,

in each quadrant. We will demonstrate in Sec. Ill that this
feature is beneficial for our soft-decision-aided DAPSK devhile for four-ring A/-DAPSK (4 M p) schemes, the amplitude
tector design. Furthermore, Gray labelling is applied to alifference is modulated as:

DAPSK schemes in this paper. The symmetry exhibited by

. 3
the Gray-labelled DAPSK constellation diagram is the key to a, by abm =01 andy,_y = aﬁz’ ,
the detection complexity reduction. a™®, if bu1bm =11 andyk—1 € {25, 5},
Similar to the regular QAM schemes [3], the power of the a™', if ba—1bm =10 andy—1 € {35, f}—% \‘}—%}7
modulated DAPSK symbols has to be normalized. If we denote-1 = § 1, if bin—1bm = 00, ,
the ring ratio a5aM thlen the power normalization factor is oz72 if bn—1bm =01 andy,_1 € {\p\/%vf}—gh
given by ( g = Z(AMiA)% . Note that in Rayleigh fading Zf’: :; Z: 12: : 1(1) Z:gzi 15% vl
channels, the advantageous choice for ring ratios(are= ©))
2.0) for M-DAPSK (2 Mp) [14]-[16] and (o = 1.4) for M-  Since the amplitude differengg,_; may be either equal to,
DAPSK (4Mp) [17], [18], respectively. smaller than or larger than one, depending on the previous
If we denote the transmitted DAPSK symbol ag = ring amplitudey,_1, there are2M4 — 1) candidates for the

~vrexp(jix), where~, and ¢y refer to the amplitude and amplitude differencey_, of a M-DAPSK(M 4,Mp) scheme,
the phase, respectively, then the differential encoding b& as seen in (2) and (3).

Copyright (c) 2013 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.or
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B. DAPSK Demodulation "

Let us now consider an uplink scenario, where the trans-
mitter is equipped with a single antenna, while the receiver

— T T
—— ML 16-DAPSK(2,8) Detection
——- Simplified 16-DAPSK(2,8) Detectiol

relies onNy receive antennas. For cooperative communication ~ *° 0N
systems [8], [19], [20] Nz may refer to the number of relay o NE:B
nodes. Due to the increasing number of Virtual Antenna Array 102 A Ne=4
(VAA) links and the requirement of imposing a low signal
processing complexity at the relay nodes, it becomes unreal @ |
istic to require accurate channel estimation, hence DARSK i 07
preferred. The received signal of th&; receive antennas may 0
be modelled as: 10

Yr = zrhg + ng, (4)
where the Nr-element vectorsy,, h, and n, model the 10'50 E‘_) 0 5 ” o o o 0
received signal, the Rayleigh fading channels and the Agdit Ey/N, [dB]

White Gaussian Noise (AWGN), which has a zero mean and

a variance ofN, in each dimension, respectively. For QuasiFig. 2. Performance comparison between the ML DAPSK deteofo(6)

Static (QS) fading channels, we may assufthg,; = hy) and the simplified DAPSK detection of (8) and (9).

overTs symbol periods. As a result, the next received signal

vector may be expressed as: capability, as evidenced by Fig. 2, where the performanse lo
of (8) and (9) become significant, &8z is increased. We will

_ (5) demonstrate in Sec. Il that independently detecting the am

= SkYk T ki1, plitude and the phase also results in a substantial perfuzena

where the equivalent noise terfiiy., = —spny + npyq) degrada_\tion for _soft-decision-aided DAPSK detection irgly

is Gaussian-distributed with a zero mean and a variance @ Multiple receive antennas. .

(1+ p2)N, in each dimension. Therefore, the corresponding To elaborate a little further, the phase of a received DAPSK

hard-decision aided DAPSK detection may be expressed a®ymPol may change the magnitudes on both the real and the
imaginary axes of the received signal’s constellation idiag

Sp = arg min lyrer — s"yxl?, (6)  which implies that the detection of the amplitude in facta=l

on the detection of the phase. Therefore, in order to restore
where {s“}fil‘f*"l)MP denotes theu-th element in the the ML DAPSK detector’s detection capability, we return to
DAPSK symbols set. The demodulator of (6) operates on(6), which may be simplied as:
a vector-by-vector basis, where the detection complexsty i . . ) w2 .
increased, when the vector size is increased due to using mor{p’“’w’“} — e NG |17 — 2Ref(s")" 2}
receive antennas. As a rem(_ady, a decision vari.able may be —arg min (p*)? — 2p"Re{ (w')* 21}
introduced based on the Euclidean norm calculation of (6) as preEpwlEw

Yi+1 = Trr1hy + ng

(10)

@) We define the local minimum metric off(p¥)?2

* 2
2k = Yk+1 " Ye/IYEI - . -
1 Vi/ 2p"Re{(w!)*2z:}] in (10) as the minimum over the set

Naturally, minimizing the metric [[|yx+1 — SU.YkHQ = of phasorsv! € w only, then (10) may be transformed to:
Iyreall® + [s“Pllyel> — 2Re{(s*)*yr+1 - y3}] in (6) and . 1 ()2 — 257Rel (1)

minimizing [|z — s*|? = |zx|* + [s“|? — 2Re{(s")* 2 }] are Wk = arg nin ()" = 2p"Re{(w’) 21}
equivalent, becausey 41|, ||yx||? and|zx|? are all invariant (11)

over the different candidates’ € s. Therefore, the decision B fﬁéﬁ ~ Re{(w)"zi}.
variable z;; may be used for detecting the amplitude and ﬂWhere a fixed amplitude is chosen frgm € p. After deleting

phase ofsy = prwy separately as: the constants in (9), it can be seen that (11) and (9) have
(8) become equivalent. The global minimum in (10) may now be

~ . 2
pr = min ||z — p"I7, : : o ; .
prep obtained by comparing the local minimum metrics, which may

Op = leég |2k — W2, 9) be expressed as:
, , ) pr = argmin (p”)? — 2p"Re{(0r)* 21}, (12)
where{p¥}2M2~1 and{w'}* denote the-th element in the PUEP

ring amplitude subset and thel-th element in the phasor sub-where &, is obtained by the local minimum search. As a
setw, respectively. For the special case(dfr = 1), we have result, (9) and (12) have exactly the same detection capabil
|zx| = Iyﬁ;;ﬁ”“‘ = ‘y‘k:f' and Zz, = iy = Z‘z’;ﬂzg = as (6). We have arranged for both detectors to process the
Zyr+1 — Zyk. Therefore, (8) and (9) are equivalent to theame channel output, and they always produce the same
hard-decision-aided Star QAM detection introduced in [7]. decision. Moreover, (9) and (12) separately evaluate tlasqh
However, the ML DAPSK detector of (6) and the simplifiecdsubset and the amplitude subset, so the low DAPSK detection

DAPSK detector of (8) and (9) do not have the same detectioamplexity is retained.
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[1l. SoFT-DECISION-AIDED DAPSK DETECTION where {y7"}% denotes then-th element iny;,, while we

A. Conventional Soft-Decision-Aided DAPSK Detection have Ay = |yp,,|/lyp| and AR = Zyp, | — Ly’,;. The Log-
MAP of (13) and the Max-Log-MAP of (15) invoked by the

In this section, we briefly summarize the features of thgapp nave only to evaluate and comp#2é/, — 1) metrics
conventional soft-decision-aided DAPSK detectors, n;xmeif(pv)pMAfl of (16a) andMp metriCS{d(wl)}%li of (16b)

. . v=1
those of the Joint Amplitude-Phase Detector (JAPD) of [14} producing the amplitude bit decisions and the phase bit

and those of the Separate Amplitude-Phase Detector (SAPRcisions. As a result, the SAPD exhibits a lower complexity

of [13]. . ) If we use the Average Mutual Information (AMI) as a
The Log-MAP algorithm invoked by the JAPD produces thgeasure of detection capability, then the AMI achieved by
a posterioriLLR Ly (by,) as [12], [21]: the JAPD may be expressed as [13], [22]:
v l
I o seesyy o P [(p", )] Cyapp = I(yk+1|yk; sk)
p(bm) =In — (13)
ZSkGSbm:o exXp [d(p W )] 1 Ma M
wheres;, —; andsy,, —o represent the symbol sef when the = MM, Z Z
specific bitb,, is fixed to 1 and 0, respectively, while the w=lu=l )
JAPD’s probability metriai(p?, w!) is defined as [14]: B {10g2 l M - p(yri1lyr,5") ] | = 5%, = 7w}
H _ vwl H2 m ngzl p(yk+1|yk1§a)
d(p?, w') = — Yk va Y3 baLa(bm), (14) (17)
0 =1
. . _ where {y“}M4 is taken from theM 4-element ring ampli-
where we have the equivalent noise power OVj = tydes set for ~;, while {5%} | is taken from thel/-element

[1+ (p*)?] No}22t ™", while {Lo(b7)}7_, denotes thea DAPSK symbol ses, whose size is smaller than the full set
priori LLRs obtained from channel decoding. Similarly, thg simply because we have already decided upon the previous
low-complexity Max-Log-MAP algorithm is formulated astransmitted DAPSK symbol's amplitude, = ~*). Based on

[12]: the received signal model of (5), the conditional probapili
Ly(bw)= max [d(p”,wl)] ~ max [d(pv7wl)] ’ seen in (17) is given by:
s e (15) exp |- Lol |
u N ER
where only the maximura posterioriprobability metrics are P(Ye+1lyw, 8") = = (18)

_ Ngr
taken into account. [ (1 + 15" [%)No]

It can be seen that the Log-MAP of (13) and the Max-Log- Similarly, the AMI achieved by the SAPD [13], [22] is given
MAP of (15) invoked by the JAPD have to evaludte\/, — by (19), where the conditiongy, = +"*,vt+1 =~"2) and
1)Mp metrics {{d(p",w!)}?Ma=11Me of (14) in order to (V& = 7", k41 = 7*2) determine the amplitude variablg$
produce a single soft-bit decision. By contrast, the SAP&Ndp", respectively, while the conditional probabilities in §19
defines its amplitude-related probability metfié{ p*)}>2~1  are given by (20). _
and phase-related probability metfid(w')}> separately as Based on (17) and (19), the AMI achieved by the JAPD

[13]: and the SAPD is demonstrated in Fig. 3. It can be seen that
N the JAPD and the SAPD have a similar detection capability,
d(p") = ZR { —lyiallvil o - v)2:| when we havg Ny = 1). However, the JAPD is capable of
— [ No (1+(\)?) k achieving a higher AMI, when multiple receive antennas are
" . (16a) employed, as evidenced by Fig. 3 both for the 16-DAPSK(2,8)
+ Z b La(bi), scheme and for the 64-DAPSK(4,16) arrangement.
m=mp+1

B. Reduced-Complexity Soft-Decision-Aided DAPSK Detec-
ah =S [_ [ [+ g 2 O)? tion
— No (1+ (A\p)?) Since the a posteriori probability metrics d(p?,w!)
of (14) directly relate the symbol-level channel output

] (16b) (—W) to the symbol-levela priori LLRs

2|y7kl+1||yg|)‘2 cos(Af} — éwl)

No (1+ (A2)? -
0 (7 %)) > bwmLa(bw)], the JAPD of Sec. Ill-A operates on a
s b I (b symbol-by-symbol basis, which implies that all the DAPSK
+ 2 i L (b71), constellation points have to be visited by the JAPD. Observe

in Sec. II-B that instead of evaluating all the DAPSK con-
1The SAPD refers to the final results of the Partially-comdifferential stellatl_on points using (6), the hard-decision-aided DKPS
Detection (PDD) of [13]. Although the PDD’s phase detectakes use of the detection of (9) and (12) tests only a reduced subset of the

received symbols’ amplitudes, the PDD still evaluates (&l 4 — 1)-sized  gnstellation points. Furthermore, the Max-Log-MAP of 15
amplitude subset and the/ p-sized phase subset separately for detecting the.

m 4 bits and then p bits, respectively. Therefore the PDD of [13] is referreo":“mS for finding the me_‘x_imum metric, Wh_iCh is similar t(_) the
to as SAPD in this paper. action of the hard-decision-aided detection of (6). Mdta
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Csaprp = T{N IR p7) + T{AG, AR W)

M M
~ N Ma - p({QAR} R | "
MA%;UJ;E{ 2[21@"1 (AR o )] e =2t = } (19
Ma Mp

i E{lo P ({A@k,/\"} |w ‘| w :wl’ _ w}7
+ ZZ { 2lzlz\41p({Aez’/\n} :‘1| l) ‘k Ve =7

wlll

Ng NO)\” )\n 2 —‘—A |y UA”+1)2 a2 " v
p({AINR |p H ; b b exp {N 1|yk 'A < (A —p )2] : (20a)
ne1 [1 —&-(z\”) 12 /7 Nolyp |2 Az pv o (1+(A0)?)
i1 P O%)? + Ly 1> + 208 vk llyk | cos(A6 — Zw')
AOL N 1+
({ k k} H{ )\n 2] NO (1 + ()\2)2)

(20b)

o _|yk+1|2+|ys|2w:>2—2|yz+1||yz|wcos<aez—w) 1
P No (1+(A1)?) '

Average Mutual Information
Average Mutual Information

16-DAPSK(2,8) | )

— JAPD

64-DAPSK(4,16
— JAPD

——- SAPD H ——- SAPD [|
0.0 S T v S 0 7. T s
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
SNR [dB] SNR [dB]
(a) 16-DAPSK(2,8) (b) 64-DAPSK(4,16)

Fig. 3. Comparison between AMI achieved by the JAPD of [14] AMI achieved by the SAPD of [13]. The system parameters anensarized in Table IV.

by this, in this section, we aim for linking eaehpriori soft extended as:
input bit to a specific part of the channel’'s output, so that ) )
only a reduced subset of the constellation points has to bg,v ') = _”y’ﬁrl” _ )~||Yk|\

evaluated by the JAPD. In the rest of this paper, we refer to ’ Ny Ny
the proposed Max-Log-MAP aided DAPSK detection as the
Reduced-Complexity JAPD (RC-JAPD).

Considering 16-DAPSK (2,8) of Fig. 1 as our example, the

2P”Re{( W)Y Y |
+ b Lo (b
o~ 3 ot

Max-Log-MAP of (15) invoked for detecting the last Hif, o llyrs1l? () )2 lyll? 2p”Re(w ) Re(Z)
which determines the ring amplitude, may be expressed as: a No” Ng No
L,(bs) = max d(p”,w') — max d(p’,w v 1 m
p(ba) paax (p ) max (p ) n 2p IT(w )Im(fzvk) n Z b Lo (b ),
=max {d(a™!,u"),d(a,w")} — max d(1,u') Ny m=1
wlew wlew (23)

= max {dmax(p'), dmax(p*)} — dmax(p°),
(21) where we have the new decorrelating variable of

where the local maximum probability metric of a specific rlnén ¢ y’“f+122 Vi) Tht;erefore thedlocal maximum probability
amplitude indexv € {1,--- ,2M4 — 1} is given by: etric of (22) may be expressed as:

lew

dmax(pv) = g}gf} d(pv7wl)' (22) dmax(p”) = [max d( wl)] + Cy, (24)

Similar to the hard-decision metric simplifications seen in
(7), thea posterioriprobability metric of (14) may be further where we explicitly relate the amplitude index to the

Copyright (c) 2013 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.or
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corresponding priori L,(bs) by defining: wherei € {1,---, Mp/4} denotes the phasor index for the
Iverill?  (0°)2[lyell? M-DAPSK constellation points in the first quadrant, and then
C, =2 +b4Lq(bs), (25) the global maximum metric persued by the Max-Log-MAP

Ng Ng of (21) may be obtained by invoking (32). Moreover, we
while the remaining phasor-related sub-metric is given by: note that M may be omitted in (29) and (30),

&v( vl = 2p”Re(w ) Re(Z) + 2p”|m(wl)|m(z ) because itji4s a common constant _fo_r all probability metrics
P Ny Nv k {dmax(p?)}2M2~" and hence it is eliminated by the negative
o 0 (26) polarity seen in the Max-Log-MAP of (21).
+ Z b Lao(bi). Since we have relatefl, (b») and L, (b;) to the real and the

imaginary parts of the decorelating variable, the local imax
mum sub-metric over every set of four probability sub-nwostri
which share the same magnitudes but are associated with
different polarities is obtained in a single step in (29) 3.
This implies that only thé M p/4) specific phasors in the first
guadrant have to be considered by the Max-Log-MAP, which
is portrayed by Fig. 1.

More explicitly, we summarize the RC-JAPD proposed for
the generalM/-DAPSK(M 4,M p) scheme as in Algorithm 1.

Let us now try to relatel,(b2) and L,(b;) to the real
part and the imaginary part of the decorrelating variahle
respectively. For a specific ring amplitude indexthere are
(Mp = 8) candidates ford(p?,w'). Considering the four
candidates of' € {exp(+;Z), exp(£;ZZ)}, which share the
same coordinate magnitudes but are assomated with differe
signs, the resultant four candldatesdﬁfo”, 1) seen in (26)
may be expressed as shown in (27), where we relaté;fRe
and Im(z;) to the corresponding priori LLRs L, (b2) and

L, (b1) by defining the following two test-variables as: Algorithm 1: RC-JAPD Detecting an
v 2p¥ cos(g) Re(Z) La(bs) M-DAPSK (M 4,Mp) Symbol.
Ry = = — k)= =5
° NY 2 (28) 1) Update the constan{s”, }222 =1 which relate the
o 2p"sin(g) o Lg(by) last m4 a priori LLRS {La(bm)} % _, .1 tO the
Imy ng Im(Zk) — 2 ring amplitude index as:
2 V)2 2
It may be seen in (27) that all the four probability sub- C, = _||YIc~+1|| _(p )~|b’k|\
metrics are constituted by three parts, i.e. they (@reg, ), Ny NY 23
(+t1,,) as well as a constant gfze(?)tLe(b2) | According m - (33)
to our arrangement, the only difference between the four * Z i La (b),

candidates is the signs of the real and the imaginary test- ,
variables. Therefore, the local maximum sub-metric avee where (—”y’;v%l”) only has to be estimated onc
0

+5Z +5 7)1 is directly gi by: 2\ . . .
{exp(£55), exp(+) )} Is directly g|ven~ y and ( — %‘J is known from detecting the previ-

D

dmax, (p") = r Jmax d(p”,wh) ous received signal block.
lexp(E5§),exp(£5 ) (29) 2) Evaluate the test-variables, which relafg (bs)
= |tie, | + |tim, | + M and L, (by) to the real and imaginary parts of the
! 2 decorrelating variabléz, = y11 -y;g) as:
Therefore, instead of evaluating and comparing a groupuwaf fg 200 as (b )
probability sub-metrics in (27), the direct calculation (@B) Re, = p lRe( k) — 5 2 ,
may provide a significant 75% complexity reduction. (34)
Similarly, the other local maximum sub-metric ovef € oo 2P”b Im(Z,) — La(b1)
{exp(+j32),exp(+53F)} may also be given by a one-stef Im NY i 2
calculation as: , .
N La(b1) + La(b2) Where{(ai,bi)}ﬁz‘i/4 are coordinates of thé/p-
dmase (p°) = ‘tﬁez’+‘t|m2‘+La(b3)+lf (30) PSK phasors in the first quadrant. _
) ] 3) Evaluate the local maximum sub-metric for each
where the two new test-variables are defined by: group, which relates the rest of tleepriori LLRs
o 20" sin(g)R _ La(by) {La(bz)}2E, to the Mp-PSK phasor index €
Re; — f\}v e(zk)_ 2 {1’ ’MP/4} as:
0
2p? cos(Z) Lo (b1) (1)
m, =~ Im(E) - e dmax (p°) = |te, | + | i, \+Zb La(bs), (35)
0
After considering all the(M/p = 8) phasors, the local so that the local maximum metnc associated with
maximum probability metric associated with a specific ring a specific ring index may be obtained by:
radius indexv seen in (22) is now given by: N
) ) = [ _ o ()] 4. (30)
dmax(p”) = max dmax (p")| +Cv,  (32) sl Me/

i€{l, ,Mp/4}
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d(pexp(i) =P DR + X m ) =t +tlm1 el e,
d(p",exp(jIZ)) = _w jv‘)“ 'Re(z;) + 2nE) ) Im(3,) + Lo (ba) = —the + tiy, + Lolltltlelb)
d(p",exp(~58)) = %;—‘j)Re(z ) - &;Wm(zk) + La(by) = tRel by, + Letoiay - 0
d(p" exp(—55) =~ ORe(Z) — Lt EAM(E) + La(by) + La(be) = ~thg, — ti, + o2 lal2),
4) The soft-bit output for the lasti4 bits is directly when (b; = 0) is fixed, which results in the simple
given by: relationship of[dmax(p”) = dmax, (p) + Cv]
Lp(bm) = max dmax(p”) — max dmax(p"), @7)
me{mp+1,---,m}, C. Complexity Analysis

where the tentative indices set for In this section, we provide our complexity analysis for the
[ve{l,---,2M, —1}] is divided into two | three soft-decision-aided DAPSK detectors in terms of both
subsets corresponding to fixing the specific bit the number of constellation points visited by the detectsrs
b, to 1 and O, respectively. Considering 16- well as the total number of real-valued calculations cboted
DAPSK(2,8) as an example, the subsets for index by the detectors.

v are given by(v € {1,3}) and (v = 2), when we According to Sec. lll-A, the total number of constella-
fix by to 1 and 0, respectively, as seen in (21). tion points visited by the conventional JAPD is given by
5) When detecting the first two bits which determine [N;*FP = (2M4 —1)Mp]. By contrast, the SAPD evalu-
the quadrant, (37) is replaced by: ates the amplitude subset and the phasor subset separately,

so the total number of constellation points visited by the
(38) | SAPD may be expressed BWSAPD = (2M4 — 1) + Mp].
m e {1,2}. Furthermore, as portrayed by Fig. 1, the proposed RC-JAPD
Furth h ific bit is fixed f6. — visits a reduced number of the DAPSK constellation points,
e e n| s ghen By 17 a1 ]
se?f(;wl is halved, and héncé Step 3 should be More specifically, for :L.G_DAP.SK(Z’S)’. th? JAPD visits
updated for (38) a(;cordingly For example, whdn (N%‘Zig = 24) constellation points, which is higher than
T : : > (N2 11) of the SAPD, but the lowest is given
(by = 1) is fixed, only the constellation points on by (NEC—JAPD _ 6) of the proposed RC-JAPD. For 64-
DAPSK(4,16), our proposed RC-JAPD vis{t&/ ?¢—/APD —

the lower half of the constellation plane of Fig.
28) constellation points, which is substantially lower than

have to be considered, and herleg, | has to be
replaced by—tjy, in (35). When(b, = 0) is fixed, | \;saPD _ 119) phyt NRC-7APD is still slightly higher than
23).

|ti,,| has to be’ replaced bgf, . Similarly, when (NSaPD _
Lm%jﬁcggieb'f:cf df;;(;? toolr t?f Or’éseb‘egt-:vgg)) Since the DAPSK detectors are implemented by obeying
6) When d p h 'ddl Reﬂz bp h'yh different equations, we quantify the complexity in termstof
) en detecting the middienp — 2) bits, whic total number of real-valued calculations required for praidg
a single-bit decision. We note that the JAPD and the SAPD
aided DAPSK detection complexity increases multiplicaiiv

Ly(bm) = max dmax(p”) — max dmax(p"),

1=

determine thé M p/4) M p-PSK phasors in the first
quadrant, (37) may be replaced by:

Lyp(bm) = max dmax(p”) — max dmax(p"), as Ng increases, owing to the fact that all tlheposteriori
bm=1 bm =0 ~ (39) probabilities at théVg antennas have to be multiplied together,
m & {3, ,mp}. as illustrated by (14) and (16). By contrast, the proposed RC

For a specific subset of! defined by fixing{b,, = JAPD utilizes the decorrelating variable 0f;, = yx+1 ~y;;),

bi™r., the phasor index seen in (36) is updateg which implies that all the detection procedures after Steyh 2
as: Algorithm 1 have exactly the same detection complexity as a
- single-antenna-based detector.

dmax(p") = &naﬁ dmax, (P”)} +Cy,  (40) We provide our complexity comparison between different

) DAPSK detectors in Fig. 4, which shows that the JAPD
where the phasor index set@fe {1,---,Mp/4}) | generally exhibits a higher complexity than the SAPD. How-
is halved, when a specific bitb,, = b) is | ever, a significant4.7% ~ 89.6% complexity reduction is
fixed. Considering 16-DAPSK(2,8) as an example, achieved by the proposed RC-JAPD compared to the JAPD
we have [dmax(p”) = dmax, (p") + Cv} for (40) if | using the Max-Log-MAP, both for 16-DAPSK(2,8) and for
(bs = 1) is fixed, where only(i = 2) is considered.| 64-DAPSK(4,16). As a result, for 16-DAPSK(2,8) detection,
By contrast, only { = 1) should be considered the RC-JAPD imposes the lowest detection complexity, as

evidenced by Fig. 4(a), owing to the fact that RC-JAPD

o
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Binary Source

visits the lowest number of constellation points in thisecas

Furthermore, observe in Fig. 4(b) for 64-DAPSK(4,16) that Q—» TC Encoder B mz’j;or g
the proposed RC-JAPD still exhibits a slightly higher com-

plexity than the SAPD using the Max-Log-MAP, when we %
have (Ng = 1), because(NJIC—7APD = 28) is higher = .
than (NSAPD = 23) for 64-DAPSK(4,16). However, a8z Teoecoter | 4 4 [ DARSK &
increases, the complexity of the proposed RC-JAPD becomes NN

the lowest again, as evidenced by Fig. 4(b). This is because
the SAPD’s complexity increases multiplicatively 3% in- Hard Decision ——=
creases, while only a part of RC-JAPD’s complexity is aféelct
by Ng.

Fig. 6. Schematic of TC-aided/-DAPSK (M 4,M p) scheme.

IV. PERFORMANCERESULTS o

Our performance results are presented in this section. In oo ggiﬁgﬁ}g ,;“;{L‘,g,g;‘fs)_ E/No=3.508
order to investigate the EXtrinsic Information TransfeK(E) || —= Trajectory of TC 16-DAPSK(2,8), {fNo=3.5dB
characteristics of the DAPSK detectors, we portray the EXIT 0.8 116-DAPSK(2,8), =4
charts [23] both of 16-DAPSK(2,8) and of 64-DAPSK(4,16) RC-JAPD
in Fig. 5. It can be seen that similar to the hard-decision- o7
aided DAPSK'’s performance of Fig. 2, the JAPD and RC- o — =+ e

-

JAPD exhibit an improved performance advantage over SAPD
as Ny increases, which is evidenced by Fig. 5. Furthermore,
Fig. 5 shows that the performance difference between the = ,,|

o

<
. 05 -
=

_u

Log-MAP and Max-Log-MAP invoked by both the JAPD and //

SAPD is marginal. Hence the employment of the Approx-Log- 037

MAP [24], which corrects Max-Log-MAP’s approximation 02

with the aid of a correction term stored in a lookup table is no PR

neccessary for DAPSK detection. In this paper, we only apply 01 ? o Eili ngRc aided 16-DAPSK(2,8) With ke papsicl, By/No=2.7dB

the RC-JAPD and the SAPD relying on the Max-Log-MAP 0. L= Trajectory ofIRCC-URC aided 16 DAPSK(2,8),/H=2.7dB

for the coded Systems considered. 00 01 02 03 04 05 06 07 08 09 10
As demonstrated in Fig. 6, the soft DAPSK detectors may law 1o

be invoked by our iterative demapping and deCOding aSSiS'ﬁS'. 7. EXIT charts and decoding trajectory for TC/IRCC-URed 16-
Turbo Coded (TC) [25] systems. The half-rate TC employamhPSK(2,8) detection, where the proposed RC-JAPD is indoke

is constituted by two half-rate Recursive Convolutionati€e

(RSCs) associated with a constraint length#6= 3 (using half of its maximum rate. It can be seen in Fig. 8 for both

the octal generator polynomials of [7,5]) and with the Hralie 16-DAPSK(2,8) and 64-DAPSK(4,16) that the proposed RC-

punctgrlng of the p.?rlty betS. In order tc:;cme;/e ?:fu:g;f;l.' JAPD outperforms the SAPD using the Max-Log-MAP by
proved near-capactty performance, an fsreguiar t.on ' 0.9 ~ 1.4 dB both for TC aided DAPSK scheme as well

Code (IRCC) of [23] amalgamated with the Unity Rate Cod f .
. or IRCC-URC aided DAPSK scheme, whéNyp = 4)
(URC) of [26] and our DAPSK scheme may be conceive rceive antennas are employed.

according to the schematic seen in [27]. We summarize ou
simulation parameters in Table IV, where the number of
iterations between the DAPSK detector and the TC/URC V. CONCLUSIONS
decoder was set t0/rc—_papsk/Iuvrc-papsx = 1) and In this paper, we demonstrated that separately detecting
(Irc—paprsk/Iurc—papsk = 2) for 16-DAPSK(2,8) and the ring amplitude and phase of DAPSK imposes a perfor-
64-DAPSK(4,16), respectively, because in contrast to 1lfirance loss, which is especially significant for soft-degisi
DAPSK(2,8), the 64-DAPSK(4,16) scheme has a useful iteraided DAPSK detection invoked by iterative demapping and
tion gain, as demonstrated by Fig. 5. decoding schemes relying on multiple receive antennas. As
We portray the Monte-Carlo simulation based decodiray result, compared to the SAPD of [13], the JAPD of [14]
trajectory in Fig. 7, which demonstrates that the IRCC-URBas a higher detection capability, but its detection comiple
aided 16-DAPSK(2,8) is capable of converging at a lowenay become excessive. As a remedy, we proposed a hew RC-
SNR than the TC aided 16-DAPSK(2,8). The attainable BERAPD, which links eacta priori soft input bit to a specific
performance is presented in Fig. 8, where the AMI achievegart of the channel’'s output, so that only a reduced subset
by the JAPD and the SAPD are calculated according to (1@f the DAPSK constellation points has to be evaluated by
and (19), respectively. More explicitly, the AMI seen in F&) the soft DAPSK detector. Our simulation results demonstrat
characterizes the DAPSK detector’s capability in conjiomct that the proposed RC-JAPD achieves a further improved near-
with half-rate channel coding, which may be quantified bgapacity performance (evidenced by Fig. 8), which is agt@in
the E, /Ny value, where the DAPSK detectors’ AMI achievesit a reduced detection complexity (evidenced by Fig. 4),nwhe
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-=- JAPD (Log-MAP)
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- JAPD (Log-MAP) 16-DAPSK(2,8) -@- RC-JAPD (Max-Log-MAP)

-5~ JAPD (Max-Log-MAP)

64-DAPSK(4,16)

N

10’ | 3~ SAPD (Log-MAP) - FL
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-@- RC-JAPD (Max-Log-MAP) i r
5 3 L
2 E/E/E/E 1 2 st
x x
g r : ] 9
[=X H Q.
E 2L = H H i IS L
o = ]
@) ) P @)
H 2r
10 7T -
A &.4% ]
SN 80.5% &3.5% . —
s 4.7% ] 10° |- o —

Nr Ngr

(a) 16-DAPSK(2,8) (b) 64-DAPSK(4,16)

Fig. 4. Complexity comparison between the conventional BABroposed in [14]) and SAPD (proposed in [13]) of Sec. Illa& well as the proposed
RC-JAPD of Sec. IlI-B.

1.0 1.0
-+ JAPD (Log-MAP) 16-DAPSK(2,8) 4= JAPD (Log-MAP) 64-DAPSK(4,16)
0.9 || - RC-JAPD (Max-Log-MAP) Ey/No = 3dB 0.9 || ~®- RC-JAPD (Max-Log-MAP) Ey/No = 3dB
-5 SAPD (Log-MAP) -5~ SAPD (Log-MAP)
0Bl SAPD (Max-Log-MAP) P SAPD (Max-Log-MAP)

0.1 0.1
0.0 0.0
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Ia, Ia,
(a) 16-DAPSK(2,8) (b) 64-DAPSK(4,16)

Fig. 5. EXIT charts of 16-DAPSK(2,8) and 64-DAPSK(4,16) aking the JAPD, the SAPD as well as the proposed RC-JAPD.
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Channel Quasi-Static Rayleigh fading channels having a normal2egpler frequency f;) of 0.001.
Frame length 1 000 000
Quasi-Static symbol period$ Togs=11
Modulation 16-DAPSK(2,8) and 64-DAPSK(4,16).
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Channel Coding (2) The serial-concatenated IRregular Convolutional CGREC) of [23] amalgamated
with Unity Rate Code (URC) of [26].
I7c = 4 iterations within TC,
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ITc_papsk = 2 iterations between TC decoder and 64-DAPSK(4,16) detector
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