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Bit Metric Generation of BRGC M-PSK Signals

Kwangmin Hyun* Lifelong Member, Kyutae Lim** Regular Member

(@] ok
=i =

B =olAe #Ax 313 S 0]-8-3}¢] binary reflected Gray coded (BRGC) M-PSK 4139] v|EH wj=
9 A P4 AT o] W BRGC W G40) SAE olfslel AuE 0E Hod) sk e
zlol A-gslgirh. ARk wjEH wjER] Wb e AE A AEE 28R | oW S o U2
Balw 2 7k 2o glth

H1-2 X1 (e}

Key Words : BRGC, High Order Modulation, PSK, Coordinate Rotation, Bitwise Metric

ABSTRACT

In this paper, we present a bitwise metric generating function for a binary reflected Gray coded (BRGC)
M-PSK signal by means of coordinate rotation. Using the properties of the BRGC mapping, we minimize the
number of coordinate rotations. The proposed function does not rely on channel state information (CSI), and

provides low implementing complexity.

I. Introduction demodulator for bit metric generation, several

methods were proposed for BRGC PSK signals
[1]-[2] such as a pragmatic approach with signal
ratio (LLR)

High-order modulated signals should combat

with high signal to noise ratio (SNR) requirement, space concepts, a log likelihood

signal-to-noise fluctuations over dispersive fading

channels, and other physical environmental

limitations for more wireless channel capacity.
actively considered to

Iterative decoding is

overcome these limitations. Even high order
modulation with iterative decoding simultaneously
both and high

bandwidth efficiency, it is essential to calculate

provides large coding gain
the symbol-to-bit metric information of the high
order modulated signals for the utilization of well
designed binary iterative decoders. In order to
soft

reduce the complexity of the demapper/

approach, and other approaches [3]-[7]. In [7],
using demodulated signal a new LLR expression
was presented with the virtual constellation (VC).
Wang of [3] presented the iterative decoding
performances for M-PSK signals between several
types of soft metric functions including Log-MAP,
Max-Log-Map, and coordinate rotation (CR), and
showed that the CR has better performance than
other functions and the CR does not require CSI
with less implementing complexity. This work
provided how to rotate the signal space and how
to get the soft metric value for 8- and 16-PSK
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signals with coordinate rotation algorithm which
rotates signal space depending on the different
received symbol position.

In this paper, we present a general bitwise
metric generating functions for BRGC M-PSK
signals with coordinate rotation of Wang’s
algorithm in [3]. In order to obtain the final
mathematical function, we use the BRGC
properties for bit value placement on a BRGC
M-PSK constellation.

II. System Model

In this discussion, we assume that the
modulated BRGC M-PSK signal is to be
transmitted over an AWGN channel. In an
M-PSK, m(=log,M) bits of serial stream are
mapped at a certain symbol position on a
2-dimensional signal space with in-phase (/) and
quadrature (Q) axes using BRGC, where M is the
number of symbols in the PSK constellation.

The transmitted M-PSK symbol s=s,+js,
belongs to a set of the M-ary alphabet {S.up, ... ,
S, S, oo s Supt, s = fibo, by, -, br), where k
€{0, . . ., m-1}, and f{ -) is a BRGC mapping
function with m-tuples. Figure 1 shows the
examples of the perfectly BRGC mapped signal
constellation for 8- and 16-PSK signals with their
reference angles 6 and 6,; for symbol region

partitioning, respectively, where the shaded areas
represent the symbol regions for the corresponding
symbol.

With the BRGC mapping function with bit set
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(a) 8-PSK Constellation : s=(bo,b1,b2) (b) 16-PSK Constellation : s =(bo,b1,b2,b5)

Fig. 1. Signal constellation for BRGC 8- and 16-PSK
signals

(bo, b1, -+, bu1) for a symbol, the constellation
has some peculiar properties of symmetric for bit
placement except bp and b; as follows.

a) k-th bit (k>1) for a symbol has Mj2*
consecutive symbols with the same bit value 1/0,
and the signal space is partitions into 2 regions
by the 2nx /2", where n is an integer.

b) A rotational property: When we rotate the
signal space of each bit by amount of specific
angle, its result shows exactly the same with the
original signal space.

c¢) A symmetric property: All quadrants in a
PSK signal space has line-symmetric relationship
between each other. For examples, the first
quadrant is the quadrature axis line-symmetric
with the second quadrant; the second is the
in-phase axis line-symmetric with the third, and
SO on.

Figure 2 shows bit decision regions of each bit
for bit set of a 16-PSK symbol. With the Fig. 2,
we can confirm the above described three

properties.
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¢) Decision region of b, d) Decision region of b;

Fig. 2. Bit decision regions for each bit of 16-PSK
symbols with bit set (by, bs, -+, b3).

II. Bitwise metric function

In order to use a well-designed binary iterative
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decoder for Turbo codes or LDPCs, we need to
decompose the received symbol to bitwise metrics
obtained soft bit decision values through a
demapper for the input of the iterative decoder.

The received complex signal r=r,+jr, is
assumed that the frequency and the phase are
perfectly synchronized at the receiver.

For BPSK signal, because the bit decision
region is the same as Fig. 2 (a) or (b), the
received symbol value can be the bitwise metric
as it is. For QPSK signal, as the bit decision
regions are Fig. 2 (a) and (b), the metric A(b,)
for by is the value of the quadrature component
of the received signal and the metric A(bl) for

b, is the value of the in-phase component, or
vice versa. Note that, for b;, the metric can be
also obtained with taking the new quadrature
component after coordinate rotation by /2 which
value is the same with the original in-phase
component.

Higher modulated signals have the same bit
decision regions for by and b; as Fig.2 (a) and
(b) resulting in the same bit metrics as BPSK
and QPSK.

/l(bo) =Ty
Alb) = —r,° @

However the remained bit metrics A(b,) for
k>1 should be found out with considering more
complicated bit decision regions as given example
in Fig. 2(c) and (d). For example, for b, in Fig.
2(c), depending on the received symbol position,
we can obtain the bitwise metrics with taking
new in-phase or quadrature component after
rotating I or Q axis to XY or AB. In the
same way, the bit metric for b3 in Fig.2(d) can
be calculated.

The coordinate rotation is performed with

ool ©

where ¢ is the angle of rotation.
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When we calculate the soft metrics for BRGC
M-PSK signals using Wang’s algorithm in [3],
first of all, we have to find the amount of the
angle and decide the reference axis for coordinate
rotation for all symbols. And then we rotate the
signal space and obtain the metrics.

However, when we consider the characteristics
of BRGC, we don’t need to consider all signal
space to obtain the soft bitwise metrics. For
example, in the case of 16-PSK, we can find that
the soft metric of b, over the first quadrant is the
same with that of the third quadrant when we
rotate the third quadrant through = and the
second quadrant is also with the forth quadrant.
Thus, taking absolute value of input in-phase and
quadrature component, we can calculate the all
bitwise metrics in the first quadrant space. As a
result, we can constitute a new function for the

k-th bit (k>1) soft metric generation with taking

the new quadrature component ré as
Ay,) =(— 1)(D‘H){f rfsin(&,) +1r glcos (fk)} 3)

where k>1, the rotation angle & =m(1+2D,)/2",
¢=tan '(ls,l/ls/) in radian, the symbol location

L’l/)XQk/WJ
2 b

mathematical floor function. The result (3) is a

index D, = and |« ]is the

general bitwise metric generation function for
BRGC M-PSK signals. If the value of the
elements of bit set for a symbol is all inverted,
the result (3) is changed to

Al) = (D)=l fsin(6) +roleos (6)) (4

where k>1.

Note that we can obtain the modified version
of (3) and (4) using the equation for the in-phase
component r} instead of using the equation for
the quadrature component ré from (2).

For 8-PSK, D, =0, and & =n/4. And, from
Fig.3 of a 16-PSK partial signal space, a) for b,
the parameters of (3) are D, =0 and & =n/4,
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Fig. 3. The first quadrant of BRGC 16-PSK

the decision line of OB; b) for bs, the parameters
with the region 0<¢<n/4 are D;=0 and
&=mn/8 , the decision line of OC, and the
parameters with the region n/4<vy <n/2 are
D, =1 and & =3n/8, the decision line of OA.

Using (3) for the constellation in Fig.1, we can
obtain the bitwise metrics for k> 1 as

1) Bitwise metric of b, for BRGC 8- and
16-PSK is

™

Alby) =— [—\rl{sin(z)-i-k’doos(%)} s 5)
2) Bitwise metrics of b3 for BRGC 16-PSK are
Alb,) =— [f Ir Asin(%)Jrho\oos(%ﬂ, ©)

where 0 < ¢ <7/4, and

L[ 37 3m
a) = rfoin Zf e 2], )
where 7/4 < ¢ < /2.
Note that  with  the equivalents of
sin(37r/8) = cos (W/S)and cos (37r/8) =sgin (7r/8),
we can change (7) into

Alby) =— |r1|oos(%)+|r0|sin(%), ®)

which enables (7) to share the sine and cosine
table memory of (6).

Figure 4 shows the Turbo-coded performance
plots for a BRGC 16-PSK signal over AWGN
with virtual constellation (VC) in [7] and
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Fig. 4. 16-PSK Turbo decoding performances comparison
between VC and CR

coordinate rotation (CR) in this paper. In this
example, a BICM  (Bit-Interleaved  Coded
Modulation) Turbo code was wused with the
generating polynomail [1 1 1; 1 O 1] and a
random interleaver for the encoder.

From this figure, we can find that CR shows
better performance than VC because soft
demodulating process to acquire the phase angle
pollutes Euclid distance impacting on iterative

decoding process negatively.

IV. Conclusions

We presented a general function for the soft
bitwise metric calculation with coordinate rotation.
The proposed function is general for BRGC
M-PSK signals and minimizes the size of sine or
cosine look-up table memory for coordinate
rotation comparing to the Wang’s algorithm
because we consider only the first quadrant of the
signal space. Also, since the Euclidean distances
of the received signal perpendicular to each
reference axis for rotation can represent the
reliability information for the corresponding bit,
this function does not require the CSI especially
in the high SNR case. We also proposed how to
easily obtain the parameters in the proposed
function with the received symbol value and the
shared information with the receiver and the
transmitter, such as the modulation order and the

mapping information.
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