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Abstract: In this paper, we propose a low-cost compensation scheme

for 1QQ imbalance using only one pilot symbol for an orthogonal fre-

quency division multiplexing (OFDM) based digital radio mondiale

(DRM) system, planned to operate in FM bands. Since the existing

methods require more than one OFDM symbol, this scheme is more

efficient in computation, yet performs as well as the existing scheme.
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1 Introduction

The digital radio mondiale (DRM) consortium has recently proposed to add
a new VHF mode to existing DRM modes with a basic 100 KHz bandwidth
(BW) for the DRM plus (or DRM robustness mode E), which is used on FM
frequency up to 120 MHz [1]. In this mode, BW of approximately 100 KHz
is required to provide compatibility with FM broadcasting service. This is
small compared to the coherence BW of the channels which is in the order
of 1 MHz e.g. for typical urban environments.

DRM plus is an orthogonal frequency division multiplexing (OFDM)
based transmission system, which is designed to be compatible with existing
FM broadcast band plans. OFDM has been chosen for other broadcasting
systems, such as digital audio broadcasting (DAB) and digital video broad-
casting (DVB) because of its effective reception capability when dealing with
various types of channel impairment. However, 1Q imbalance, caused by
non-ideal radio frequency (RF) front-ends, can severely degrade system per-
formance [2]. The effects of 1Q imbalance on OFDM systems have been
investigated [2] and several schemes have been proposed to compensate for
IQ imbalance [3, 4, 5]. In [4] and [5], two or more pilot symbols are used to
compensate for 1Q) imbalance.

This paper proposes a low-complexity scheme for correcting I1QQ mismatch
using only one pilot symbol for OFDM-based DRM plus. Because the chan-
nel is usually frequency-flat for FM broadcasting applications, utilization of
this knowledge enables a low-complexity implementation of the IQ imbal-
ance compensation scheme. The performance of the proposed algorithm is
demonstrated via several examples in the channel models for FM bands.

2 Signal description

We consider an OFDM system with N subcarriers and N, samples for guard
interval (GI). The OFDM system can simultaneously transmit N symbols
{Xi(k) iv:_ol during the I-th period, which consists of NN, pilot symbols and
N — N, data symbols.

Denote z;(n) and h;(n) to be the transmitted complex signal after IFFT
during the [-th period in time domain and channel impulse response, respec-
tively. After removing the cyclic prefix and assuming perfect 1Q balance, the
received signal can be written as

yi(n) = h(n) @ zy(n) +wi(n), (1)

where ® and w;(n) denote circular convolution and zero-mean complex white

2

~, respectively. For IQQ mismatch, on the other

Gaussian noise with variance o
hand, the received signal is expressed in [3]

yi(n) = ury(n) +vri(n) + wi(n), (2)
where 7(n) = hy(n) ® x;(n), u and v are IQ) imbalance parameters. The u
and v reflect the effect of IQQ imbalance as in [5]

. 1+¢- ex2p(—jA¢), o 1—-e¢- e;(P(J'AGi’), (3)
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where ¢ and A¢ are the amplitude and phase imbalances between the in-
phase and quadrature components, respectively.

After FFT in (2), the received OFDM symbol in the frequency domain
can be written as

Yi(k) = wHy (k)X (k) + vH} (N — k)X; (N — k) + Wi(k), 1 <k <N —1
(4)
where H;(k) is the channel frequency response and W; (k) is the additive white

Gaussian noise during the [-th period. We assume perfect synchronization
and concentrate on the IQQ mismatch problem.

3 Low-complexity IQ compensation scheme for DRM plus

In this section, we derive a correction scheme for IQ imbalance using the
pilot subcarriers in one OFDM symbol. For simplicity of the algorithm, the
proposed method employs gain reference pilot subcarriers defined in DRM
systems, which are symmetrically distributed around the DC subcarrier.

3.1 Algorithm description
In this section, we omit noise Wj(k) for simplicity. Consider the received
pilot symbol at the k;-th subcarrier

Yi(kj) = uH(k;) Xi(kj) + vH (N — kj) X[ (N — kj) (5)

for j = 1,2,...,N,. We add together the first IV,/2 and then the last N,/2
pilot symbols for the received OFDM symbol as follows:

Np/2 N,p/2 N, /2
D Yilky) = w Y Hilk)Xi(ky) +0 Y Hf (N = k) X[ (N — kj)
Np/2 Np ( )
=Y aXik)+ > BX;(kj)
j=1 J=Np/2+1
and
Np Np
YooYtk =u Y Hik)Xi(kj)
j=Np/2+1 J=Np/2+1
Np
+v Y Hf(N = k)X (N —kj) (7)
J=Np/2+1
NP Np/2
= > aXi(k)+ > 8X[(ky),
j=Np/2+1 j=1

where o and (3 are IQ imbalance factors incorporating the frequency-flat
channel response.
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From (6)-(7), the estimate of & and § can be obtained by using the known
pilot symbols for the receiver:

Np /2 Np
Cio > Yilky) = Ciy > Yilky)
oo j=1 j=Np/2+1 (8)
B |Ci0? = [Cra[?
and
N, Np/2
Cio Y Yilky)—Ciy Y Yi(ky)
A j=Np/2+1 Jj=1
= p [Col? = ®)
where
N,/2 N,
Cl’() = Z Xl(kj), Cl,l = Z Xl(k‘j). (10)
j=1 j=Np/2+1

In (10), the pilot symbol must be selected so that the denominators in (8)-(9)
are nonzero, i.e., |Cjo|? —|Cp1|*> # 0. Note that Cj,,/(|Crol? — |Cp1]?) and
C’l"7m/(|C'l,0|2 —|C11|?) (m =0,1) are known at the receiver.

From the parameters obtained above, the compensation scheme for 1Q-
imbalance can be described by

Sy = CYUR) = BY(N = )
k) = a2 — |31

where X;(k) is the estimate of X;(k).

L 1<k<N-1 (11)

3.2 Complexity

From the computations above, the proposed scheme uses sums over N, pilot
subcarriers for estimating a and 3. However, the conventional method in
[5] uses products of 2NN, pilots contained in two OFDM symbols. In the
conventional scheme, the estimate of & and B becomes:

N, * *
1 = X p(N = kj)Yi(k;) — X[ (N — k;)Yiyp(kj)

o= N, = A(kj) (12)
and
o X (kj)Yiep(ky) — X7y p (k) Yi(k;)
N Z A(kj) I+D\") ) (13)

where A(kj) = Xl(kj)Xl+D(N — kj) — X/ (N — k;j)Xiyp(k;) # 0 and D
represents the distance between two pilot symbols.

By assuming that X (N —k;)/A(k;) and X[\ (k;)/A(kj) (m =0,D)

n (12) and (13) are known at the receiver, one can find that the conventional
scheme requires 4N, complex multiplications and 4.V, — 2 complex additions.
On the other hand, the proposed method requires four complex multipli-
cations and N, complex additions to obtain (8) and (9). Therefore, the
proposed method can be implemented with less complexity than the conven-
tional scheme because the number of complex multiplications and additions
are reduced by a factor of N, and 4, respectively.
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Table I. Channel profiles
| No | Channel model | Velocity | no. of path | Maximum delay

1 Urban (slow) 2km/h 9 3 ps
2 Urban (fast) 60 km/h 9 3 s
3 Rural 150km/h 9 3 s
4 | Terrain obstructed | 60km/h 9 16 ps
5 Hilly terrain 100km/h 12 84.5 pus
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Fig. 1. Performance of the IQ compensation schemes for
CM1: (a) e =0.1dB and A¢ = 10° (b) e = 0.5dB
and A¢ = 50°

4 Simulation results

In this section, we verify the effectiveness of the proposed method through
simulation. System parameters were chosen according to [1] as follows: N =
213, Ny = 21, N, = 14, and 64QAM at carrier frequency 90 MHz with 95 KHz
bandwidth. The channel models (CMs) 1~5 were based on an EIA channel
model [6], which is widely used in the performance analysis of FM and is
summarized in Table I.

In addition, performance was compared with the conventional method [5].
For fair comparison, the N, pilot subcarriers chosen from two consecutive
OFDM symbols were used for the conventional method, i.e. D =1 in (12)
and (13). Here, the pilot symbol of the conventional method was designed
by [5] and the proposed method employed a gain reference pilot.

Figure 1 demonstrates the BER performances with respect to ¢ and A¢
when CM1 is used. If left uncompensated, even small amounts of 1QQ mis-
match result in severe performance degradation. The performance of the
proposed scheme is shown to be close to that of the conventional scheme,
while the computational cost of the proposed method is shown to be signifi-
cantly reduced, as confirmed in Section 3.2.

Figure 2 shows the BER performances for CM2 and CM3 when ¢ =
0.5 and A¢ = 50°. From this figure, we observe that the increase in time
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Fig. 2. Performance of the IQ compensation schemes for

¢ =0.5dB and A¢ = 50°
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Fig. 3. Performance of the IQ compensation schemes for
€ =0.5dB and A¢ = 50°

selectivity, as in CM2 and CM3, degrades the performance of the conventional
scheme, whereas the performance of the proposed scheme is less affected by
time selectivity because it uses one pilot symbol.

The BER performance in CM4 and CM5 is also depicted in Fig. 3 when
e = 0.5 and Agp = 50°.
proposed scheme declines with an increase in the amount of delay spread of

This figure shows that the performance of the
the channel, which primarily stems from the increased frequency selectivity.

5 Conclusion

We introduced a simple compensation scheme for 1Q) imbalance for digital FM
broadcasting applications. This scheme can efficiently correct 1Q imbalance
using one pilot symbol. The proposed scheme was computationally efficient
with performance comparable to the existing estimator.
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