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| . Introduction

Aiming at communication to exchange any
kind of information anytime, anywhere, and
with anyone, the research development of
multimedia mobile communication is being
executed worldwide. Mobile communication
systems wad first developed fir voice commu-
nications, however the low and medium data
transmission services by PDC and PHS
systems are currently popularized to transmit
e-mail messages among users. Wireless access
systems which can carry more high speed
data and broadband signals are strongly
demanded for multimedia services due to the
high performance of portable computers.
Wireless LANs whose frequencies are 2.4GHz
and 19GHz bands have been already comm-
ercialized for indoor wuse, however those
systems do not become widespread because of
lower data transmission capability and their
cost. In order to spread wireless LANs at
business offices and etc, Multimedia Mobile
Access Communication Systems Promotion
CouncilMMAC  Council) was establishes and
the demonstrative exper- iments and stand-
ardization of the broad band high performance
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mobile communication systems are going to be
proceeded, It is comparable to " Fiber to the
Home" and is following the IMT-2000. These
systems provide us with more than 20Mbps of
data rate, using 5-GHz band. Furthermore,
they are able to comm- unicate with identical
terminals, to support mobility with walking
speed in the service area both indoor and
outdoor.  Also, technical conditions of broad
band mobile access system using 5-GHz band
frequency have been inquired ay Telecomm-
unications since last year, and prepa- ratxons
for the report is being executed.

In general, 4G systems are expected to
provide at least the following features:

High Usability and Global Coverage: 4G
systems are expected to fulfill the anytime,
anywhere, any technology requirement. In
order to meet this challenge, 4G networks are
expected to be heterogeneous and all-IP-based,
while mobile terminals are foreseen as highly
integrated multi-technology, multihomed syste-
ms able to utilize a wide range of applications
provided by multiple wireless network.

Broadband Connectivity and Quality of
Service: 4G systems will provide not only
telecommunications services, but also data and
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multimedia services; thus, peak speeds of
more than 100 Mb/s in stationary mode with
an average of 20 Mb/s when traveling are
expected. To support multimedia services, end-
to-end QoS and good system reliability are
also required.

High Network Capacity: Network capacity
should be at least 10 times that of 3G syst-
ems. This will quicken the download time of
a 10Mbyte file from 200 s on 3G to 1 s on
4G, enabling high-definition video to stream to
phones and create a virtual reality experience
on high-resolution handset screens.

Service  Personalization: In order to
overcome the saturated mobile communications
market, operators will seek new 4G users in
widely different locations, occupations, and
economic classes. In order to meet the dema-
nds of these diverse users, service providers
should design personal and highly customized
services for them.

User-Oriented Services: Users will ask to be
able to form any service provider at the same
time.

Low Cost: The underlying network for 4G
must be able to support fast speed and large
volume data transmission at a lower cost than
today.

Wireless and/or mobile access networks
which cam be connected to the fiber access
networks as so-called "last 100-meter link"and
transmit the high speeds data are demanded
in the multimedia communication era. Thus, in
the wireless/mobile communication field. enla-
rgement of communication capacity per term-
inal (more 100Mbps of broad-band signal tran-
smission) and expansion of mobility have been
further required. And as the rapid incr- ease
of cellular phone at the present, we also
predict that a shortage of frequency will occur
in the future.

Therefore, immediate research development
of advanced mobile/wireless access comm-
unication systems which are able to accom-
modate more channels and to transmit broader
band signals is intensely expected.

In satellite communication systems, Ka-band
(30/20GHZ) began to be used for the purpose
of increasing channel capacity. In Ka-band
satellite communication systems, the deterior-
ation of received power caused by rain is
remarkable, i. e., the channel state temporarily
changes. Therefore, it is a problem how to
overcome the temporary degradation of
communication quality. Then, it is prefe- rable

to change error-correcting capability according
to the channel state[1]-[3]. When a return
channel is available, an adaptive forward error
correction (AFEC) system which adaptively
alters the error-correcting capability according
to channel state can be combined with an
automatic repeat request (ARQ) system and
the channel state monitored by a receiver can
be informed to a transmitter.

For practical use, we would like to have
not switching between a set of encoders and
decoders, but one encoder and one decoder
which can be modified without changing their
basic structure. This can be achieved by using
a nonsystematic Reed-Solomon code (NRS
code). This paper presents an ARQ/QFEC
hybrid system using an NRS code. Using an
NRS code, we only need to change the
number of information symbols fed to the
encoder and we need not change the
hardware of the encoder when we want to
change the error correcting capability. On
decoding, only minor adjustments need which
can be accommodated as some adjustments
need which can be accommodated as some
adjustable parameters by the decoder. Thus we
can obtain AFEC with one encoder and one
decoder. In an ARQ/AFEC system, code rate
is traded with error-correcting capability and
there exists the optimum error correcting
capability that makes the frame efficiency
maximum for certain bit error rate. The
performance of this system, which gives the
maximum frame efficiency, is shown.
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Fig.1. Concept of 4G mobile communication

Il. Trend of Mobile Access Systems

Figure 2 shows the research and devel-
opment trend of mobile and wireless access
systems. There are two directions for the adv-
ance of multimedia mobile access. One the
former high speed mobility, the system is
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equivalent to the extension of transmission
speed of IMT-2000 of mobility of 5-GHz band
mobile access systems. Due to the high speed
mobility, the microwave frequencies as carrier
frequencies as carrier frequencies must be used
to perform macrocell zones. The final target of
data rate in the microwave mobile access
systems will be between 10Mbps and 20Mbps.
On the other hand, a maximum of
information rate of 156Mbps has been
performed by an ultra high speed wireless
LAN system developed [1], bey the realization
of seamless system is also anticipated to be
used in various enviro- nments, such as in
door and outdoor. The advanced multimedia
mobile transmission rate from rate  from
approximately 10Mbps to 1Gbps under low
mobile environment will be demanded to meet
the requirement of the broadband transmission
capability of fiber access networks.
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Fig2. Trend of Mobile/Wireless Access
Systems

lll. NRS Code

An NRS code[4], which is a special case of

redundant residue polynomial code[5], is
constructed as follows: We represent £ infor-
mation symbols (u,, v, = u,_,), w, EGF(2"), by

a polynomial:

F(z)= u0+ulz+--~+uk_lzk_'. (1)

Then the codeword v of an NRS code is

v= (F(0), F(1), Fla),~,Fla""?)) (n=2") 2

where a is a primitive element in GF(2").
A x) is recaptured from v by

M)

Fz)= F 3
(z) ﬁeg (8) =5 3
where  Mz) = II,_ ;popm(z—0)=2"-z and

M(x)/(x—B) has value 1 in x=f for
every B GF(2™).

The NRS code can correct less than or
equal to f symbol error if n—k =2t [4][5]. We
can generate the NRS codes with several error
correcting capability by only varying the
number of information symbols fed to the
encoder and decode them wusing Euclid’s
algorithm by minor adjustment of some para-
meters[6).

IV. Performance

This section shows the frame efficiency of
the ARQ/AFEC system. The frame efficiency
of an ideal ARQ system, which is the upper
bound on frame efficiency of any ARQ
system, is equal to the probability that the
frame 1is correctly received. So, the frame
efficiency of the ARQ/AFEC system using
ideal ARQ is equal to the product of the code
rate and the probability that the frame is
correctly decoded by AFEC system. Now, we
assume that ideal ARQ is used and that
independent bit errors occur.
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Fig. 3 Frame efficiency vs. bit error rate.
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When a frame is encoded by an NRS
code over GF(2m) which corrects less than or
equal to t symbol errors, the probability Pc
that the frame is correctly decoded is

z;) (”)p' 1-P)" )

where P,=1-(1-p)" and p is bit error

rate on a transmission channel. Then the fra-
me efficiency n, of the ARQ/AFEC system is

n=Pn—20/n ®)

where n is the length of an NRS code.
There exists the maximum frame efficiency for
certain bit error rate since Pc is small when t
is small and (n—2¢t) is small when t is great.
Figure 1 shows the maximum frame efficiency

of the ARQ/AFEC system when m=3§,

n=128. For comparison, the frame efficiency
of the ARQ/FEC system which has constant
error correcting capability and that of ARQ
without FEC are also shown in Fig.2. In an
ideal ARQ system without AFEC, the frame
efficiency is (1—p)" where N is the length of
the frame and N=1024 in Fig. 3. As shown in
Fig. 2, the frame efficiency of the ARQ/AFEC
system is much higher than that of ARQ
without AFEC for low bit error rate, and the
ARQ/AFEC system has higher frame efficiency
in wide rage of bit error rate though the
ARQ/FEC system has high frame efficiency
only for certain bit error rate.

V. Conclusion

An ARQ/AFEC hybrid system which
adaptively alters the error correcting capability
according to channel state using an NRS code
was proposed and the performance was
presented. The error correcting capability of
the code is altered according to the channel
state. The frame efficiency of the ARQ/AFEC
system is much higher than that of ARQ
without AFEC for low bit error rate. The
system has the advantage that it can alter the
error correction symbols fed to the encoder
and it need not change the hardware of the
encoder.
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