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Abstract— Differentially detected non-coherent Star [10]. However, despite its attractive performance versus
Quadrature Amplitude Modulation (Star-QAM) is ideal for  complexity characteristics, soft-decision based demod-
low-complexity wireless communications, since it dispees ulation has not been conceived for these Star-QAM
with high-complexity channel estimation. We conceive soft : . . .
decision based demodulation for 16-level Star-QAM (16- and DAP_SK schemes. This aI_so implies that. without
StQAM), which is then invoked for iterative detection Soft-decision based demodulation, the potential power
aided Bit-Interleaved Coded Modulation (BICM-ID). It  of sophisticated channel coding or coded modulation
is shown that the proposed 16-StQAM based BICM-ID schemes cannot be fully exploited. Hence, when channel

scheme achieves a coding gain of approximately 14 dBs in ; e ; _ ; ;
comparison to the 16-level identical-throughput Differerial coding is incorporated into Star-QAM as in [5], its

Phase-Shift Keying (1L6DPSK) assisted BICM scheme at a performance is far from the_ Qhannel capacity due. to
bit error ratio of 10~6. the employment of hard-decision based demodulation.

index T Soft.decisi terative detect ot More specifically, powerful channel coding, such as
ndex Terms— Soft-decision, Iterative detection, Star g: ;

v . ' Bit-Interleaved Coded Modulation (BICM) [11], [12]
QAM, BICM-ID, Correlated Rayleigh fading channel and Iteratively-Detected BICM (BICM-ID) [13], [14]

heavily relies on the exploitation of soft-decision based
I. INTRODUCTION demodulation.

Coherent detection aided Quadrature Amplitude Our novel contribution is that we will first derive
Modulation (QAM) requires accurate Channel Statthe soft-decision demodulation formula for 16-StQAM.
Information (CSI) in order to avoid false-phase lockingSecondly, the performance benefits of using this new
especially when communicating over Rayleigh fadinfprmula will be demonstrated in the context of BICM and
channels [1]-[4]. As a remedy, differentially detecte@®!CM-ID schemes invoked for communications over cor-
non-coherent Star-QAM was proposed in [5] in ordeielated Rayleigh fading channels. Note, however, that the
to dispense with high-complexity CSI estimationproposed soft-decision based 16-StQAM demodulation
More specifically, 16-level Star-QAM (16-StQAM) is principles may be readily extended to DAPSK schemes
based on two concentric 8-level Phase-Shift Keyingaving more than two concentric PSK constellations.
(8PSK) constellations having two different amplitudesthis letter is organised as follows. In Section I, the soft-
Differential detection has also been investigated regentlecision demodulation of 16-StQAM will be presented.
in wireless relay networks [6]-[8]. The significance ofur results will be discussed in Section Il and our
this low-complexity detection method may be expectegbnclusions are offered in Section IV.
to increase in the cooperative communications era, since

it might be unrealisitic to expect from a relay stgtion Il. SYSTEM MODEL AND ANALYSIS
constituted by a cooperating mobile phone to estimate o )
the channel of the link it is relaying [7], [8]. Fig. 1 shows the simplified schematic of the proposed

6-StQAM aided BICM-ID scheme. A sequence of

Star-QAM schemes having more than two PSK" =~ : .
constellations are also referred to as Differential Ar;E'b't information symbols is encoded by a rate-3/4

. . . 3ICM encoder for yielding a sequence of 4-bit coded
plitude and Phase-Shift Keying (DAPSK) schemes [9 o= .
[10]. The authors of [9], [10] have further improve ymbols. The Most Significant Bit (MSB) of the 4-

. it encoded symbol will be used for selecting the
the performance of DAPSK/Star-QAM schemes [9 mplitude of the Phase-Shift-Keying (PSK) ring, while
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1: The schematic of the 16-StQAM aided BICM-ID scheme, whitre parallel bit interleavers between the
encoder/decoder and mapper/demapper are not shown fatirmyabfuscating details.

the Rayleigh fading channél, and the Additive White  The kth 16-StQAM symbol is then given by:
Gaussian Noise (AWGN);, when it is transmitted to
the receiver, as shown in Fig. 1. Iterative detection is then
carried out by exchanging extrinsic information betweeghereq,, € {a(), a(?}.
the 16-StQAM soft demapper and BICM decoder based
on the received sequengg; } without the any need for
CSl. B. Star-QAM Soft Demapper

The soft-decision based 16-StQAM block is placed in
A. Star-QAM Mapper front of the BICM decoder of Fig. 1. Théth received

As seen in Fig. 1, the 16-StQAM mapper consistssymbOI may then be written as:
of three components, namely the amplitude selector, the Yr = hexp + np = hpagvg +nyg 3)

8PSK mapper and a differential encoder. The 8PSK i ) i , .
mapper and the differential encoder jointly form Jvhere by, is the Rayleigh fading channel's coefficient,

conventional 8-level DPSK (8DPSK) mapper. The Msghile 7y, represents the AWGN having a variance of
of the BICM-encoded symbol, namely, is used for No/2 per dimension. Assuming a slow Rayleigh fading

selecting one of the two possible amplitudes. Th%hf'mnel’ wheréu; ~ f,—1, we can rewrite (3) using (1)
remaining 3 bits, namely, b; by, are used by the 35

T = akVk, )

8DP_SK mapper. Note that similar to any D_PS_K scheme, Yo = Rp_1aRUs_1Wk + 1
we insert a reference symbol at the beginning of each _ag
frame before the 16-StQAM mapper. = oy Wk T ) we
1) Amplitude SelectionThe MSB, b3, is used for = DrYk—1Wk + g (4)

selecting the amplitude of the PSK ring,. The two
possible amplitude values are denotedu&ls anda(?, _ 3 ; _
respectively. When the MSB of thith BICM-encoded amPplitudes, whilery, = —Z8-n;_jwy + ny is the
symbol is given byb; = 0, the amplitude of the PSK effective noise.

ring will remain the same as that of the previous 1) Amplitude DetectionThree amplitude ratios can
value a;, = ay_1. The amplitude of the PSK ring be derived from the two PSK ring amplitudes of 16-

will be switched to another value, i6; = 1. This StQAM as follows:

wherep;, = a:kl is the ratio of thekth and ¢ — 1)st

amplitude selection mechanism may be referred to as a® a®
2-level Differential Amplitude Shift Keying (2DASK). Ry = 0] or a 1
After normalisation for maintaining a symbol energy of a@
unity, we havea™™ = 1/1/2.5 anda® = 2/y/2.5. The Pe=I =& ®)
amplitude value of the reference symbol is given by a®
ap = a, RZ):m .

2) Phase SelectionThe kth diﬁerentia”y encoded When the noise power is |OW, the amp”tude raﬁp
Symbolvk can be expressed as: may be approximated as:

Vg = Vk—1Wk, 1) lye| |hrarvr + nil (©)

wherez), = (b by bo) is the kth 8PSK symbol based |Yk—1] [he—rar—1vk—1 + nga]
on the 8PSK mapping function @f.), while v;_; is the o axl
(k — 1)st 8DPSK symbol andiv;|> = 1. The reference T Jag_a]
symbol for the 8DPSK part is given hy = (0 0 0). o pk . @)



Fig. 2 shows the Probability Density Function (PDF) ofrom the 16-StQAM demapper becomes:
the received signal amplitude rati ‘ . It becomes
plausible from Fig. 2 that the PDF peak which is
characteristic of each amplitude ratio experiences a Y. (P(lw™ bs =0)+ Plyrlw"™ b3 = 1)) H P%(55)
different noise variance, although all the 16-StQAM"™ ex(i:b %
symbols experience the same AWGN at the sdfp@aV, fori€ {012}, be {01}, A1)
value of 25 dB. whereb denotes theth coded bit of the symbol and
is the set of constellation points having thié

14 gn ’set to b. The extrinsic bit probability of the MSB
‘ —— BICM-ID.f;=0.01,Eb/N0=25dB may be formulated as:

Pe(bi=b) =

1.2
all

10 P (b3 = b) (Z) P(y|w™ b3 = b) H P (b;), (12)

08 where the summation term considers all possible 8PSK
constellation points, because the M&Binfluences only
the amplitude selection. The extrinsic bit probabilities
04 can then be employed for generating the Log-Likelihood

Ratios (LLRs) [15] of all BICM-coded bits, which are

02 A then fed back to the BICM decoder.
R\ Ro Ry
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2: The PDF of the received signal amplitude ratios of \onte-Carlo simulations have been performed for

16StQAM 2L bhased on (6), when communicatingcharacterising the proposed soft-decision based 16-

over correiatecj Rayleigh fading channels having atQAM demodulation technique in the context of

Ey /Ny of 25 dB. BICM and BICM-ID coding schemes. The simulation
parameters are shown in Table I.
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2) Probability Computation: The effective noise

variance ofny in (4) depends on the amplitude ratig Coded BICM BICM-ID
used at time instant, which can be computed as: Modulation
Modulation Scheme 16-StQAM, 16PSK 16-StQAM
~ o 1 ) 16QAM, 16DPSK
No = No+ |pr|*lwk|*No = No(1+ |pr]) , (8) Mapper type Gray-labelled Set-Partitioned
Number of 1 124
I _ Ar(0) _ - S iterations
where Ny = 2N?1)— NQ if bs = 0, while (.72\/;0 = Code Rate a4
(1+ R?)Nyg = Ny’ or Ny = (1 + R3)No = N, for [Code Memory 3

bs = 1. Based on (4) we can express the probability gfCode Polynomial (octal)] G =[4444;0624; 0256 ]
receivingy, conditioned on the transmission &, by, |-2Scoder ype Approximate Log-MAP

] Symbols per frame 1,200
by andbs as follows: Number of frames 20,000
Channel Correlated Rayleigh channgl
. ~Jug —vi—1 Row (™ |? Normalised Doppler 0.01
©) Frequenc
P(yelwt™, by = 0) = —qe " (9) auency o)
Ny I: Simulation parameters. Note that we declare 'an

iteration’ being completed when both the demapper and
decoder were activated once.

2
*|yk*yk71 le(m>|

1 )
Ply|w™ by = 1) = —m ¢ o + Fig. 3 portrays the&, /N, performance of the 16DPSK
™o ] aided BICM, 16-StQAM assisted BICM, 16PSK aided
) *Ivrkag;?w““l BICM, 16QAM BICM and 16-StQAM based BICM-
——@° Mo (10) ID schemes, when communicating over correlated
TNy Rayleigh fading channels. Solid lines are used for

(m) , ) illustrating the performance of Gray-labelled BICM,
\évl-t’]g{?zmuappiﬁg/#&br%ctl;(l)nbolzowgv/érI?Nfghe% t(ino@?yyz%g?%ri]tal while the dotted lines represent the Set-Partitioning

probabilities P (b;) become available from the BICM (SP) based 16-StQAM BICM-ID. As seen from Fig. 3,
decoder, the extrinsic bit probability that can be gleanegde 16DPSK-BICM scheme suffers from a high BER
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IV. CONCLUSIONS

In this paper, soft-decision based demodulation
was conceived for 16-StQAM in order to enable
the employment of power-efficient channel codes and
coded modulation. The performance of soft-decision
16-StQAM assisted BICM and BICM-ID schemes
was investigated, when communicating over correlated
Rayleigh fading channels. The proposed soft-decision
aided 16-StQAM demodulation techniques can be
extended for assisting DAPSK schemes having more
than two PSK constellations.
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