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ABSTRACT

Abstract

One of the most challenging and important issues in wireless asynchronous transfer
mode (ATM} is the data link control {DLC) protocol. For each different service type,
the DLC protocol should provide an appropriate error control mechanism to protect
against the relatively poor characteristics of the wireless medium.

In this thesis, the quality of services (QoS) is classified into two kinds, which
have different formats of wireless ATM cells in DLC protecols. For the stream mode
services, such as audio and video, forward error correction (FEC) schemes in DLC
protocols should be applied to correct and filter out erronecusly received ATM cells
before they enter the low error rate fixed network. In general, header bits are con-
sidered to be more important than payload bits so as to require two-level unequal
error protection (UEP). Then, the code (FEC-H) for the header is assigned with a
low local coding rate Ry to ensure correct deliveries and a low cell loss rate. At the
same time, the code (FEC-P) for the payload is designed to be with a higher rate Rp
than the one of FEC-H for effective transmissions. For the packet mode services such
as data transfer, some buffering delay can be tolerated, then hybrid automatic repeat
request (HARQ) schemes are applied. Since the channel state temporarily varies, it
is preferable to correct the frequent error-patterns and less-frequent error-patterns by
FEC and ARQ technologies, respectively.

Most of schemes in the DLC protocols of wireless ATM only adopt block codes
(BCs), however, the other important codes — convolutional codes (CCs) and Turbo
codes {(T'Cs) are not discussed. This thesis applies rate compatibility punctured
convolutional {(RCPC) codes and rate compatibility punctured Turbo (RCPT) codes
to the DLC protocols of wireless ATM to realize four error control schemes:;

1. FEC Scheme I in the DLC Protocol of wireless ATM

Four UEP schemes (PC-UEP1, PC-UEP2, PC-UEP3 and PC-UEP4) are pro-
posed, corresponding to the coding rate of RCPC codes for the header: Ry =
5, E(=1), 2—30 and 5@5(-_-%), respectively. Their CLR performances over Gaus-
sian, Rayleigh fading and Ricean fading channels are deeply analyzed, which
shows PCC schemes make significant reductions in CLR. In addition, a detailed
study of the effect of the code and channel parameters and the contrasting
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ABSTRACT

performance of hard and soft decisions on the received symbols are included.
Besides, analyses show that these schemes have good balances for CLR and the
payload BER.

2. FEC Scheme 1] in the DLC Protocol of wireless ATM

Like RCPC codes, RCPT codes need only one encoder circuit and one decoder
circuit for the various FEC-I and FEC-P even if their code rates, and thus the
levels of error protection are different. The FEC Schemes 1T (PT-UEPL and
PT-UEP2) are examined over the Rayleigh fading channel. With almost the
same good balance, FEC scheme II can achieve rmuch lower CLR than FEC
scheme I and the previous block code schemes.

3. HARQ Scheme I in the DLC Protocol of wireless ATM

HARQ schemes I (PC-HA1 and PC-HA2) are realized on the basis of the
FEC schemes I (PC-UEP4 and PC-UEP2). The throughput over Gaussian
and Rayleigh fading channel is calculated by the lower bound method. The
results show that HARQ I schemes have a higher throughput than the FEC

schemes.

4. HARQ Scheme Jf in the DLC Protocol of wireless ATM

HARQ scheme II combines the performance of Turbo codes with the frugal use
of incremental redundancy inherent in the RCPC codes so as to be able to apply
all of the useful results on RCPT codes to HARQ schemes. The simulations are
condlucted to estimate their CLR and throughput. HARQ IT schemes (PT-HA1
and PT-HAZ2) reach a higher throughput than the corresponding FEC schemes
and HARQ T schemes.

As the fundamental of these schemes, the punctured CCs (PCCs) are studied
deeply in this thesis. Two theorems about the generator polynomial matrix and the
constraint length of PCCs are deduced. By virtue of them, the puncturing realizations
of the known good nonsystematic high rate R = }i CCs from nonsystematic R = %
CCs and the known good systematic high rate CCs from R = % systematic CGCs are
proposed.
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