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ABSTRACT
The integration of satellite communication system and 6G wire-
less system forms an ubiquitous and real global communication
system, and the satellite communication capacity and data through-
put will increase rapidly. A 6G oriented high-throughput satellite
communication modulation and demodulation method is proposed.
The method is not only suitable for MAPSK modulation and de-
modulation in nonlinear networks, moreover, the reliability and
throughput of information transmission are improved. And the
effectiveness of this method is verified by computer simulation.
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1 INTRODUCTION
The distance between the orbiting satellite in the satellite commu-
nication system and the ground terminal is generally thousands
to tens of thousands of kilometers, most of which are in vacuum
space. The atmosphere about 50km thick from the ground and the
ionosphere about 1000km thick above the atmosphere. There is not
only a sudden change dielectric layer between outer space and iono-
sphere, but also between ionosphere and atmosphere. Although
they are the same medium, the density of medium distribution
varies with the height, and the medium distribution is not nonlin-
ear.
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In addition, the satellite is far away in space, which greatly limits
the transceiver power of the satellite. Therefore, when satellites and
ground terminals communicate with each other, the transmission
channel carrying information is a very complex nonlinear medium,
and the power of transceiver equipment is greatly limited. The
baseband modulation method only applied to land surface spatial
linear transmission medium is not suitable for nonlinear channel
[1, 2].
To extend a wider application scenario, combining the satellite
communication system with the 6G mobile communication system
[3-5] forms a ubiquitous and real global communication system.
The satellite communication capacity and data throughput will
increase rapidly, and the traditional baseband modulation QPSK
has lost its application value. The traffic of traditional satellite com-
munication is not large enough, higher-order APSK modulation
and demodulation is not required, and the reliability of transmis-
sion information is high. Moreover, the cost of higher-order APSK
modulation and demodulation technology is higher because of the
complexity of satellite communication channel. When the future
mobile communication system integrates the satellite communica-
tion system, compared with the traditional satellite communication
standards, the relevant technical standards of information traffic
and data transmission reliability will change greatly, or even com-
pletely the opposite. It is certain that in the baseband modulation
and demodulation technology integrated into 6G satellite commu-
nication system, there must be higher-order APSK.
This paper proposes a high-order APSK soft modulation and de-
modulation communication model for 6G high-throughput satellite
firstly. Based on the modulation/demodulation of QAM and 16APSK
signal, this paper focuses on the soft demodulation methods of
64APSK, and then gives the analytical relationship between the up-
per bound of BER and the influence factor. Finally, the performance
simulation and conclusion of the system are given.

2 MAPSK DEMODULATION MODEL FOR 6G
HIGH THROUGHPUT SATELLITE

In order to meet the requirements of high-throughput satellite in-
formation transmission, a MAPSK modulation and demodulation
communication process flow model for 6G high-throughput satel-
lite is designed, as shown in Figure 1. Among them, high-order
APSK soft modulation/demodulation is adopted for baseband sig-
nal. LDPC/Polar coding technology based on 6G is adopted for
channel codec. QC-LDPC coding is adopted in simulation experi-
ment, and the check matrix is 8×16 order orthogonal sparse matrix,
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Figure 1: MAPSK Modulation/Demodulation Communica-
tion Model for 6G High Throughput Satellite.

code length 9216, check matrix is divided into 8 regions, each re-
gion is 4×4. Multiple access addressing adopts 6G multifrequency
MF-OFDM, which is filtered and transmitted through power amplifi-
cation (HPA). To realize the convenience of information processing,
MAPSK modem and QC-LDPC coded check matrix H , subcarrier
mapping and FFT (IFFT) of FM-OFDM multiple access technol-
ogy are independent processing systems. Therefore, the dimension
number of matrix H and the order of baseband modulation do not
intersect with the sampling number in Fourier transform, as shown
in the figure. For the modem in the simulation model, it can adapt
to APSK of any order.
QAM is a two-dimensional modulation and demodulation technol-
ogy with amplitude and phase modulation for 5G. MAPSK is mainly
phase modulation, supplemented by amplitude modulation. The
modulation order of phase and amplitude can be adjusted at the
same time. However, the constellation composed of MAPSK modu-
lation symbols is distributed on multi-layer circles with amplitude
as radius. The amplitude fluctuation of the modulation signal is
relatively small, and high spectral efficiency can still be obtained.
More importantly, the modulation order of amplitude and phase of
MAPSK can be changed at the same time, the system appropriately
adjusts the proportion of amplitude and phase modulation order
with the needs of practical application, so that it can obtain the best
modulation effect, rather than QAM can only select the modulation
order of square constellation, which limits the arbitrary selection
of modulation order.
LDPC coding and MAPSK modulation are combined in the commu-
nication system in DVD-S2X standard protocols [6, 7]. The input
and output of LDPC Encoding and decoding algorithm are soft
information. The communication system needs soft input and soft
output operations. Therefore, the output of MAPSK demodulation
algorithm is no longer the hard decision information of 0,1, but
the soft information of probability likelihood ratio, that is, soft
demodulation output. This greatly increases the computational
complexity of the whole space-time communication system. To re-
duce the computational complexity and reduce the storage capacity,
it is particularly important to realize the research of MAPSK soft
demodulation algorithm.

Figure 2: 64APSK( 4+12+20+28) of b0,b1,b2,b3,b4,and b5 Bi-
nary Coding.

3 MAPSK SOFT DEMODULATION METHOD
BASED ON AMPLITUDE PHASE JOINT
MAPPING

For the convenience of description, taking 64APSK signal as an
example, a 6G joint MAPSK soft demodulation algorithm is de-
signed and proposed. This method is used in combination with
LDPC/Polar encoding and decoding. The soft information out-
put by the demodulator is sent to the decoder, and the digital
symbol 0 or 1. It is hard determined bit by bit in the decoder.
For the 64APSK(4+12+20+28-APSK) constellation recommended in
CCSDS131.2[6,7], as shown in Figure 2, there are four different radii
of inner and outer circles. Let the radius of circle beR1,R2,R3,R4,
which meets R1 < R2 < R3 < R4. As shown in Figure 2, 64APSK
modulation signal expression is as follows:

Sk (t) = Re
{
I (t) + jQ(t)e jwc t

}
= Ik (t)cos(wc t) +Qk (t)sin(wc t)
= AIд(t)cos(wc t) +AQд(t)sin(wc t)

(1)

where Sk (t)represents the modulated signal,wc represents the fre-
quency of the carrier, Ik (t),Qk (t)represents the in-phase and quad-
rature component of the modulated signal,AI represents the ampli-
tude informationIk (t)of the in-phase component of the modulated
signal,AQ represents the amplitude informationQk (t)of the quadra-
ture of the signal, andд(t)represents the signal pulse transmitted
by the transmitter.
The amplitude and phase of the received k complex value signal
areRk =

√
I2k (t)+Q

2
k (t), ϕk= tan−1[Q2

k (t)/I
2
k (t)], for each constel-

lation point, there are six binary vectors {b5,b4,b3,b2,b1,b0}. The
algorithm first determines which layer of circle the signal by com-
puting the amplitudeRkof the received signal. And then determines
the specific constellation point of the received signal with the phase
of the received signal. Once the constellation point of the received
signal is determined, the 6-bit vector value can be determined at
one time.
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(1) For the received 64APSK signal, in Figure 2, asRk <
R1+R2

2 , for
the lowest bit, {bk1,bk0}= 1,{bk3,bk2}=0. Forbk4, the binary codes
of the points above the I axis are all 1, the points below the I axis
are all 0, and the sinusoids of the phase are all negative in the first
quadrant and the second quadrant. Taking the value of the inner
circle signal point (45 ° and 135 °) as 1, the soft output will be greater
than 1 near the vertical axis, and the closer to the horizontal axis,
the closer to zero. If the soft output result is greater than zero, the
reliability is higher. Similarly, for the two constellation points in
the three and four quadrants, the soft output is set to -1. If the
soft output result is negative, and the farther away from the zero
value, the higher the reliability. Therefore, the lowest soft output
on the inner circle can be expressed asbk4 = − sinϕk/sin(π/4).
Forbk5, it is 1 in the first and fourth quadrants and 0 in the second
and third quadrants, so the soft output result can be expressed
asbk5 = − cosϕk/cos(π/4). Then there

bk0 = bk1 =
1

R2−R1

(
Rk−

R1+R2
2

)
bk2 = bk3 = − 1

R3−R2

(
Rk−

R2+R3
2

)
bk4 = − sinϕk/sin (π/4)
bk5 = − cosϕk/cos (π/4)

(2)

(2) AsR1+R2
2 ≤ Rk <

R2+R3
2 , forbk0, the characteristics of 64APSK

constellation, the points of the second, third, fourth, fifth and sixth
quadrants and the first quadrant were symmetrical about the coor-
dinate axis and could be folded to the first quadrant. Therefore, the
sine and cosine values can be taken as absolute values. If the soft
output atπ/12is - 1 and the soft output atπ/4is 1, the bit mapping
soft output of the first bit can be obtained through linear transfor-
mation, which isbk0 = 12

π angle(|cosϕk | + j |sinϕk |) − 2;Similarly,
bk1 = − 12

π angle· (|cosϕk | + j |sinϕk |)+4; For{bk3,bk2} = 0, bk2 =
bk3 = − 1

R3−R2
·(Rk−

R2+R3
2 ); For{bk5,bk4}, similar to (1) {bk5,bk4}.

{b5,b4,b3,b2,b1,b0}is defined as follows

bk0 =
12
π angle (|cosϕk | + j |sinϕk |) − 2

bk1 = − 12
π angle (|cosϕk | + j |sinϕk |)+4

bk2 = bk3 = − 1
R3−R2

(
Rk−

R2+R3
2

)
bk4 = − sinϕk/sin (π/12)
bk5 = − cosϕk/cos (π/12)

(3)

(3) As R2+R3
2 ≤ Rk <

R3+R4
2 , the design for{bk3,bk2,bk1,bk0}was

similar to that in (2) {bk1,bk0}; For{bk5,bk4}is similar to (1)
{bk5,bk4}, that is

bk0 =
20
π angle (|cosϕk | + j |sinϕk |) − 2

bk1 = − 20
π angle (|cosϕk | + j |sinϕk |)+4

bk2 = − 20
π angle (|cosϕk | + j |sinϕk |)+4

bk3 =
20
π angle (|cosϕk | + j |sinϕk |) − 6

bk4 = − sinϕk/sin (π/20)
bk5 = − cosϕk/cos (π/20)

(4)

(4) AsRk >
R3+R4

2 ,forbk0,letϕ ′= angle(|cosϕk | + j |sinϕk |),
ifϕ ′ < 3π

28 ,bk0 = − 1
R4−R3

(Rk−
R3+R4

2 );
ifϕ ′ ≥ 3π

28 ,bk0 = − 28
π angle(|cosϕk | + j |sinϕk |)+6.

Forbk1,letϕ ′= angle(|cosϕk | + j |sinϕk |),
ifϕ ′ < 9π

28 ,bk1 = − 1
R4−R3

(Rk−
R3+R4

2 );
ifϕ ′ ≥ 9π

28 ,bk1 = − 28
π angle(|cosϕk | + j |sinϕk |)+12.

For{b5,b4,b3,b2},it can be written as follows
bk2 = − 28

π angle (|cosϕk | + j |sinϕk |)+4
bk3 =

28
π angle (|cosϕk | + j |sinϕk |) − 10

bk4 = − sinϕk/sin (π/28)
bk5 = − cosϕk/cos (π/28)

(5)

4 ANALYTICAL METHOD OF BER UPPER
BOUND OF HIGHER-ORDER APSK

Starting from the constellation structure of MAPSK and combined
with typical nonlinear channel characteristics, the bit error perfor-
mance ofMAPSK is analyzed. Taking the bit error performance anal-
ysis of 64APSK as an example, this method is also suitable for the
bit error performance analysis of other MAPSK (M=16,32,64,128)
in nonlinear channel. MAPSK constellation is the constellation
structure recommended in CCSDS131.2 blue book. The 64APSK
constellation is composed of four concentric rings. In Figure 2,
the variable parameters can be attributed to the radius ratioρiand
the relative rotation difference between the rings. In order to pre-
serve the regularity of 64APSK constellation, the relative rotation
between rings is generally not considered, that is, the phase differ-
ence is only set to 0. On the 64APSK constellation, the ratio of each
ring radius is defined as follows

ρ1=R2/R1, ρ2=R3/R1, ρ3=R4/R1 (6)

Then the average symbol energy of 64APSK constellation is defined
as:

Es=
(
1 + 3ρ21+5ρ

2
2+7ρ

2
3

)
R21/16 = αR21 (7)

Where the parameterα=(1 + 3ρ21+5ρ
2
2+7ρ

2
3)/16 is expressed as a

function of the radius ratio.
For M-order modulation, the upper bound of symbol error ratio
(SER) can be expressed as

P(E) =
1
M

M∑
i=1

P (E | si ) ≤
1
M

M∑
i=1

M∑
j,i

p
(
si → sj

)
(8)

whereP(E)it represents the probability of error event, and the proba-
bility ofp(si → sj )erroneous decision as a symbolsjwhen the trans-
mitted symbol issi . In the case of maximum likelihood detection
demodulator, the decision region of each symbol is the relative unit
where each symbol is located. Because the points on each ring of
MAPSK in CCDSDS131.2 are evenly distributed, the probability
of error code as adjacent symbols is the same. Therefore, when
calculating the upper bound of bit error, only one symbol needs
to be taken on each ring to approximate the error probability of
other symbols on the ring, as shown in Figure 2. Based on the above
assumptions, the SER upper bound of 64APSK can be expressed
as the accumulation of probability terms equal to the number of
constellation rings, that is

P(E)64APSK =
1
M

N∑
i=1

P (E | sk ) ×
ni
M

(9)

where N is the total number of rings on the constellation,ni is
the total number of symbols on the i ring, and is the probabil-
ity ofP(E |sk )is the k symbol error. The 64APSK constellation is
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composed of four concentric rings, so the SER under the maximum
likelihood detector is

P(E)64APSK =
1
16

[P (E | s1) + 3P (E | s3) + 5P (E | s7) + 7P (E | s13)]

(10)
And the corresponding error modess1, s3, s7, s13can be expressed as
follows 

P (E | s1) =
∑

j=2,3,4,15,16
p

(
s1 → sj

)
P (E | s3) =

∑
j=1,2,4,7

p
(
s3 → sj

)
P (E | s7) =

∑
j=3,6,8,13

p
(
s7 → sj

)
P (E | s13) =

∑
j=7,12,14

p
(
s13 → sj

) (11)

At the same time, the error probabilityp(si → sj )is also ex-
pressed as a function of the constellation points Euclidean
distancedi jand the noise power density spectrumNo , that
isp(si → sj )=f (di j/

√
2No ).Which is substituted into the above for-

mula

P(E)64APSK ≤ 1
8 f

(
d1,2
√
2No

)
+ 1

4 f
(
d1,3
√
2No

)
+ 1

8 f
(
d1,15
√
2No

)
+ 3
8 f

(
d3,2
√
2No

)
+ 1

2 f
(
d3,7
√
2No

)
+ 5

8 f
(
d7,6
√
2No

)
+ 3
4 f

(
d7,13
√
2No

)
+ 7

8 f
(
d13,12
√
2No

) (12)

The Euclidean distance between constellation points is defined as
follows

d1,2 =

√(
1 + ρ21 − 2ρ1 cosπ/6

)
R21, d1,3 = (ρ1 − 1)R1,

d1,15 =
√
2R1, d3,2 = 2ρ1R1 sinπ/12,

d3,7 = (ρ2 − ρ1)R1, d7,6 = 2ρ2R1 sinπ/20,
d7,13 = (ρ3 − ρ2)R1, d13,12 = 2ρ3R1 sinπ/28

(13)

From the above formula, the SER upper bound of 64APSK is as
follows

P(E)64APSK ≤ 1
8 f

(√
(1+ρ2

1−2ρ1 cos π /6)
2α

Es
No

)
+ 1

4 f

(√
(ρ1−1)2

2α
Es
No

)
+ 1
8 f

(√
1
α

Es
No

)
+ 3

8 f

(√
2ρ2

1sin
2π /12
α

Es
No

)
+ 1

2 f

(√
(ρ2−ρ1)2

2α
Es
No

)
+ 5
8 f

(√
2ρ2

2sin
2π /20
α

Es
No

)
+ 3

4 f

(√
(ρ3−ρ2)2

2α
Es
No

)
+ 7
8 f

(√
2ρ2

3sin
2π /28
α

Es
No

)
(14)

From the above inequality, we can be seen that all parameter values
are known, and the SER upper bound of 64APSK can be obtained.
By multiplyinghi j · logM2 the right items of the inequality, the up-
per bound of SER can be transformed into the expression of the
upper bound of bit error ratio (BER). Wherehi j is the Hamming
distance between symbolssiandsjon the constellation. Specifically,
if 64APSK adopts the constellation recommended in CCSDS131.2
blue book, its BER upper bound only needs to be obtained by mul-
tiplying the right side of the above formula by h1,2=1/6,h1,3= 2/6,
h1,15=1/6,h3,2=1/6, h3,7= 2/6,h7,6=1/6, h7,13= 2/6,h13,12= 1/6.

Figure 3: Constellation of 32APSK Transmitter and Re-
ceiver.

Figure 4: Constellation of 64APSK Transmitter and Re-
ceiver.

5 ALGORITHM PERFORMANCE
SIMULATION VERIFICATION

The constellation diagrams of the transmitter and receiver of
32APSK and 64APSK are shown in Figure 3 and Figure 4. Obvi-
ously, the modulation process of 32APSK and 64APSK is dominated
by phase modulation and supplemented by amplitude modulation.
It can be seen from the transmitting constellation that the distribu-
tion density of star points is dense and uniform, and there is almost
no space waste. It can be found from the receiving constellations
that although they are high-order APSK modulation constellations,
after 20dB and 25dB Gaussian channels, the boundary between
all star points in 32APSK and 64APSK constellations is relatively
clear, which can provide better demodulation conditions for later
demodulation technology.
From the constellation diagram, compared with APSK demodu-
lation mode, PSK mode distributes all star points on one circle,
while APSK mode distributes all star points on multiple concentric
circles with different radii. At the same modulation order, the den-
sity between star points of the former is significantly greater than
that of the latter, so that the demodulation resolution decisions
of the two at the receiver are completely different. Although the
signal-to-noise ratio of modulation symbols with the same order
is the same, the resolution limit between the receiving stars of the
former is obviously blurred than that of the latter. The higher the
order, the higher the degree of ambiguity, which will make the PSK
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Figure 5: Comparison of Bit Error Rate Performance of
16PSK, 16APSK, 32APSK and 64APSK.

demodulation decision technology more difficult in the later stage
of the system.
In the modeling conditions, it can be seen from Figure 5(a) that the
BER of 16PSK after system demodulation decision is significantly
higher than that of 16APSK. Especially, when the signal-to-noise ra-
tio is 20dB, the performance of 32APSK is better than that of 16PSK.
In addition, the bit error rate curve interval of 16PSK and 32APSK
is significantly greater increasing, and the interval gap is twice.
The steepness of the bit error rate curve of 32APSK is also signifi-
cantly higher than that of 16PSK, indicating that with the increase
of modulation order, high-order APSK still has a large technical
application space, which is also an important reason for the possible
use of high-order APSK in 6G oriented satellite communication.
The simulation BER curves of 16APSK, 32APSK and 64APSK simu-
lated by soft demodulation are shown in Figure 5(b), and obvious
demodulation results can be obtained. Soft demodulation refers to
the method that the system demodulates information bits directly.
When the modulation order is high, because the system needs to
judge each bit in each symbol, the algorithm is much more com-
plex than hard demodulation, but because it demodulates bits, the
demodulation performance is also the best. Therefore, the perfor-
mance of MAPSK in soft demodulation mode is better than that in
hard demodulation mode, which can obtain better demodulation
performance, It is a good high flux modulation and demodulation
method.

6 CONCLUSION
With the integration of satellite communication system and 6G
mobile communication system, this method makes full use of the

space in the constellation, makes the star points of high-order APSK
reasonably and evenly distributed, increases the distance between
adjacent star points, improves the resolution of the receiver constel-
lation, and reduces the technical requirements of symbol decision
at the receiver. It can be predicted that the existing communication
system pattern and technology will change. Not only the most ba-
sic broadband communication technology will be introduced, but
also MAPSK system will be used as much as possible in baseband
modulation and demodulation technology.
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