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ABSTRACT

This study proposes a technique for estimating phase rotation offset of received symbols in Space Frequency
Line Code -Orthogonal Frequency Division Duplexing (SFLC-OFDM) systems under asymmetric channel
amplitude conditions between the uplink and downlink. SFLC-OFDM assumes symmetry between the uplink
and downlink channels and performs encoding based on estimated uplink channel information. However, due to
channel amplitude asymmetry, distortion occurs in the phase of received symbols, leading to a rotation of the
phase of decoding symbols derived from the operation of received symbols, thus deteriorating the decoding
performance. In this study, we present a method for estimating errors causing phase rotation through
mathematical analysis. Additionally, a testbed utilizing software modem-based Universal Software Radio
Peripheral (USRP) is constructed to experimentally verify the estimation of phase rotation errors using the

proposed technique.
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Table 1. Description of abbreviations.
Abbreviation Description

CSI channel state information

TX / RX transmitter / receiver

CSIT CSI at TX

CSIR CSI at RX

STLC space-time line code

SFLC space-frequency line code
OFDM orthogonal frequency-division multiplexing
AWGN additive white gaussian noise
UL / DL uplink / downlink

TDD time division duplexing

RF radio frequency

QPSK quadrature phase shift keying
USRP universal software radio peripheral
RFIC radio frequency integrated circuit
STO symbol timing offset

CFO carrier frequency offset

SCO sampling clock offset

RPO residual phase offset

LOS line of sight

MSE mean squared error
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Assume: Uplink channel gain = 1, downlink channel gain = o, for channel
amplitude asymmetry.
Algorithm 1 Phase Rotation Offset Estimation
1. Subtract pairs obtained by multiplying decoding symbols and QPSK sym-
bols.
T Tkl = Thil " Tk = Aaa
2. Divide J*H +a to extract é.
G = te
i e
if .4;,1+ i =4j then
a = n(G“ + 9”)
else 1!‘ EH e +xf = —4j then
a= % (On +03)
end if

a2 4. PRO 34 <aElE
Fig. 4. PRO estimation algorithm
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Table 2. Experiment parameters

Modulation scheme QPSK
FFT size 1024
Subcarrier spacing 15kHz
Sampling rate 15.36MHz
Bandwidth 10MHz
Center frequency 3.3GHz
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