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Analysis of the Network Gains of SISO and MISO Single Frequency
Network Broadcast Systems∗

Sungho JEON† ,††a), Member, Jong-Seob BAEK††,†††b), Junghyun KIM†c), Nonmembers,
and Jong-Soo SEO††d), Member

SUMMARY The second generation digital terrestrial broadcasting sys-
tem (DVB-T2) is the first broadcasting system employing MISO (Multiple-
Input Single-Output) algorithms. The potential MISO gain of this system
has been roughly predicted through simulations and field tests. Of course,
the potential MISO SFN gain (MISO-SFNG) differs according to the simu-
lation conditions, test methods, and measurement environments. In this pa-
per, network gains of SISO-SFN and MISO-SFN are theoretically derived.
Such network gains are also analyzed with respect to the receive power
imbalance and coverage distances of SISO and MISO SFN. From the anal-
ysis, it is proven that MISO-SFNG is always larger than SISO SFN gain
(SISO-SFNG) in terms of the achievable SNR. Further, both MISO-SFNG
and SISO-SFNG depend on the power imbalance, but the network gains
are constant regardless of the modulation order. Once the field strength of
the complete SFN is obtained by coverage planning tools or field measure-
ments, the SFN service coverage can be precisely calibrated by applying
the closed-form SFNG formula.
key words: power imbalance, single frequency network (SFN), DVB-T2
MISO processing, calibrated coverage prediction

1. Introduction

Planning of transmission networks for analog broadcasting
systems like FM broadcasting is traditionally based on the
concept of multiple frequency networks (MFNs). In MFN,
adjacent transmitters radiate the same programme at differ-
ent frequencies to avoid interference of the signals where the
coverage areas of different transmitters overlap. In contrast,
orthogonal frequency division multiplexing (OFDM)-based
digital broadcasting systems like DVB-T2 [1] can deploy
single frequency networks (SFNs) [2], where all transmit-
ters of the network transmit the same programme at the same
time on the same frequency. In such SFNs, multiple trans-
mitters with low power cover the total service area so that
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the signals arriving at the receiver with different delays from
the transmitters are superposed. Because this phenomenon
yields better coverage and spectral efficiency than in MFNs,
this is usually referred as network gain [3].

Regarding conventional single-input single-output
(SISO) SFNs the first evolution in the history of broad-
cast networks, multiple-input single-output (MISO) SFNs
might be the second evolution. To enhance the coverage
and throughput even more, DVB-T2 adopts a distributed
MISO technique named MISO processing based on Alam-
outi coding [4], [5]. Because of the commercial requirement
of DVB-T2 standardization [1] that the viewer’s antenna in-
stallation should be left untouched, the use of only one re-
ceive antenna is permitted. The MISO processing technique
includes the geographical distribution of the transmitters in
two separated groups. One group transmits the normal sig-
nal and the other group transmits the signal coded by the
Alamouti encoding rule. Therefore, in the current broadcast
network configuration, MISO SFN is considered the sim-
plest to implement in real deployments.

It has been shown that network gain can be obtained
by both the MISO-based SFN and the conventional SISO
SFN. In practical deployment of MISO SFN and SISO SFN,
MISO SFN gain (MISO-SFNG) and the conventional SISO
SFN gain (SISO-SFNG) at the receiver are shown to depend
strongly on the receive power imbalance of SFN [6]–[10].
The SISO SFN gain can be obtained by simply adding all the
receive field strengths. However, MISO SFN gain cannot be
obtained in a simple process [11], and it needs to be pre-
dicted by computer simulations [6]–[9], laboratory experi-
ments [10], or field measurements [12]. In [6], it is shown
that the MISO SFN gain is positive when the receive power
imbalance is under 6∼7 dB, and negative when it is over
7 dB. In [9], MISO SFN gain is shown to be affected by net-
work hierarchy and antenna types such as ommi-directional
and sectorized antennas. In addition, the MISO gain in-
creases slightly as the network gets denser. In [7], [8], the
bit error rate (BER) performance is discussed as impacted
by the number of transmitters involved with different config-
urations of MISO networks under the erasure channel [13]
with 0 dB echo. Some combinations were found to be worse
than the conventional SFN case, and thus, it is necessary to
optimize the allocation of transmitters for each group for the
given SFN channel environment. According to [10], MISO
SFN gain would be lower than the conventional SFN gain.
In [12], from the field trial in northern Germany, the power
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imbalance effect on the MISO SFN gain is verified, and
then, the calibrated coverage gain predictor is introduced to
compensate the MISO SFN gain under real conditions.

As discussed above, network gain differs according to
the simulation conditions, test methods, and measurement
environment. Such heuristic approaches have been used to
approximate the network gains of SISO and MISO SFNs. In
order words, MISO-SFNG and SISO-SFNG have not been
theoretically analyzed yet. In this paper, network gains of
SISO-SFN and MISO-SFN are derived as a closed-form for-
mula. Such network gains are also analyzed with respect
to the receive power imbalance and coverage distances of
SISO and MISO SFNs.

2. Analysis on SISO-SFN Gain

2.1 SISO-SFN: Conventional Single Frequency Network

In SFN, all the transmitters transmit the same information
at the same time on the same frequency. The critical re-
quirement for the SFN is that all the transmitters need to be
synchronized in frequency and fulfill certain time delay re-
quirements [2], [13]. As a result, SFN can be used to extend
the service coverage without the allotment of additional fre-
quencies.

The SFN might be based on OFDM signaling, which
is very robust against reception of a signal along with its
strong echoes. This robustness against multipath reception
can be obtained by using a “guard interval.” This multipath
immunity can be used to build SFN with overlapping net-
work of transmitters. In the overlap areas, the signals within
the guard interval are considered as constructive multipath
echoes so that the reception quality is improved owing to the
multipath reception. This is known as single-input single-
output SFN gain (SISO-SFNG). According to [3], the SISO-
SFNG is quantitatively defined in terms of modulation error
ratio (MER) as follows:

SISO-SFNG = MERSFN −max (MERn) [dB], (1)

whereMERSFN is the measured MER when all the transmit-
ters involved in SFN are active and MERn is the measured
MER when only one nth transmitter is active.

Since there is no practical way of measuring signal-to-
noise power ratio (SNR), MER is preferred over SNR for
field measurement. In the analysis, MER is a measure of the
SNR in a digitally modulated signal, and hence, MER can
be considered analogous to SNR. Consequently, the defini-
tion of the SISO-SFNG in (1) can be represented in terms of
SNR as follows:

SISO-SFNG = SNRreq
SISO − SNRs [dB], (2)

where SNRreq
SISO is the required SNR of point-to-point SISO

transmission and SNRs is the required SNR when SISO-
SFN is applied for achieving a certain quality of service
(QoS). Thus, in this paper, we may interpret SISO-SFNG
as the SNR gap between SNRreq

SISO and SNRs to achieve a

Fig. 1 A general SISO-SFN configuration.

target bit-error probability.

2.2 SISO-SFN Gain as a Function of Receive Power Im-
balance

Signal model of each subcarrier in the frequency domain for
an SFN is represented as

y =

⎛⎜⎜⎜⎜⎜⎝ M∑
i=1

√
αihi

⎞⎟⎟⎟⎟⎟⎠ s + n, (3)

where αi is the relative received power from the ith transmit-
ter with respect to α1, and hi = hI

i + jhQ
i is the independent

unit-variance complex Gaussian distributed channel coeffi-
cient between the receiver and the ith transmitter of M trans-
mitter SFN. s is the transmit symbol, n is the additive white
Gaussian noise (AWGN) and j =

√−1.
Here, the effective channel zs =

∑M
i=1
√
αihi is the sum

of complex zero-mean circularly symmetric Gaussian ran-
dom variables,

zs =

M∑
i=1

√
αih

I
i + j

M∑
i=1

√
αih

Q
i

= hI + jhQ, (4)

where

hI =

M∑
i=1

√
αih

I
i ∼ N

⎛⎜⎜⎜⎜⎜⎝0, σ2
h =

1
2

M∑
i=1

αiX

⎞⎟⎟⎟⎟⎟⎠ , (5)

hQ =

M∑
i=1

√
αih

Q
i ∼ N

(
0, σ2

h

)
, (6)

and ∼ means “statistically distributed as.” Since hI
i and

hQ
i are independent random variables that are normally dis-

tributed, their linear combination will also be normally dis-
tributed as (5) and (6).
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According to the definition of Chi-square distribution,
the variance of the Chi-square random variable should be
normalized according to Cochran′s theorem [14], which is
used to divide the variance if the Gaussian random variable
does not have a unit variance. Therefore,

|zs|2 =
∣∣∣∣∣∣∣

M∑
i=1

√
αihi

∣∣∣∣∣∣∣
2

=
∣∣∣hI + jhQ

∣∣∣2
= σ2

h

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
(
hI
)2
σ2

h

+

(
hQ
)2
σ2

h

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠ ∼ 1
2

M∑
i=1

αiχ
2
2, (7)

where χ2
k is a Chi-square random variable with k degrees

of freedom. Since (hI)2/σ2
h ∼ χ2

1 and (hQ)2/σ2
h ∼ χ2

1, (7)
follows the definition of the Chi-squared distribution that
the sum of independent chi-squared variables is also Chi-
squared distributed, i.e., χ2

2. Therefore, from the Chernoff

upper bound, Q(x) ≤ 1
2 exp

(
−x2/2

)
for x > 0, the average

BER Pe can be obtained as follows [15]:

Pe = E
[
bQ
( √

aSNRSISO−SFN

)]
≤ b

2
Eχ2

2

[
exp
(
−a

2
|zs|2SNRs

)]
, (8)

where SNRSISO−SFN = |zs|2|s|2/|n|2 = |zs|2SNRs since
SNRs = |s|2/|n|2. Q(·) is the Gaussian Q-function and
the parameters (a, b) denote the modulation specific con-
stants. For example, M-ary quadrature amplitude modula-
tion (QAM), a = 3/(M − 1) and b = q

log2 M

(
1 − 1/

√
M
)

where q is the compensating factor as a function of modula-
tion order in order to minimize the approximation loss.

From the moment generating function (MGF) of Chi-
square random variables

MX(s) = EX
[
exp (sX)

]
= (1 − 2s)−1 , (9)

the average BER in (8) can be expressed as

Pe ≤ b
2

⎛⎜⎜⎜⎜⎜⎝1 + a
2

M∑
i=1

αiSNRs

⎞⎟⎟⎟⎟⎟⎠
−1

. (10)

After some mathematical manipulations, the achievable
SNR for SISO SFN can be obtained as

SNRs ≤ c∑M
i=1 αi

, (11)

where c = 2 (b/(2Pe) − 1) /a is a constant. Consequently,
SISO-SFNG in (2) can be represented as

SISO-SFNG =
c

1 + βs
, (12)

where βs =
∑M

i=2 αi is the receive power imbalance param-
eter with respect to the reference α1 = 1 for the SISO-SFN
case.

3. Analysis on MISO-SFN Gain

3.1 MISO-SFN: MISO Processed DVB-T2

According to Sect. 9.1 “MISO Processing” in [1], DVB-
T2 adopts Alamouti-based multiple-input single-output
(MISO) networks in the system. This aims to improve the
coverage and reception robustness of SISO-SFNs so that the
transmitters of two SFN groups form a distributed MISO
system, providing transmit space and frequency diversities.
As shown in Fig. 2, each of the SFN transmitters is assigned
to a specific group where each transmitter is regarded as a
transmit payload cell in pairs. Therefore, DVB-T2 MISO
network can be regarded as an enhanced SFN. The differ-
ence between SISO-SFN and MISO-SFN is that the MISO-
SFN transmits two different versions of the wanted signal
simultaneously from a number of transmitters. Note that
Fig. 2 shows a large number of transmitters per group. How-
ever, in practice, two or three transmitters are good in a
group.

The basic operation of the Alamouti-based MISO net-
work can be understood by referring to Fig. 47 in [1].
Transmitters in Group 1 transmit an original version of
every constellation

(
ap, ap+1

)
allocated to the subcarriers

(p, p + 1), just as in SISO-SFN. Transmitters in Group 2,
however, transmit a modified version of each constellation
pair
(
−a∗p+1, a

∗
p

)
allocated to the subcarriers (p, p + 1) in re-

verse frequency order, where ∗ denotes the complex conju-
gate operator.

Similarly to (2), the definition of MISO-SFNG can be
represented in terms of SNR as

MISO-SFNG = SNRreq
SISO − SNRm [dB], (13)

where SNRm is the required SNR when MISO-SFN is ap-
plied for achieving a target bit-error probability.

3.2 MISO-SFN Gain as a Function of Receive Power Im-
balance

The signal model for MISO processing, defined in DVB-T2
standards [1], is represented as [5], [18]

y =

√√√∣∣∣∣∣∣∣
T∑
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√
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∣∣∣∣∣∣∣
2

+

∣∣∣∣∣∣∣
M∑
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√
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∣∣∣∣∣∣∣
2

s + n, (14)

where the first term of the effective channel can be attributed
to Group 1 and the second term to Group 2.

Similarly to (7), the terms
∣∣∣∑T

i=1
√
αihi

∣∣∣2 and |∑M
i=T+1√

αihi|2 of the effective channel in (14) are also Chi-squared
distributed as∣∣∣∣∣∣∣

T∑
i=1

√
αihi

∣∣∣∣∣∣∣
2

∼ 1
2

T∑
i=1

αiχ
2
2 (15)

∣∣∣∣∣∣∣
M∑

i=T+1

√
αihi
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2

∼ 1
2

M∑
i=T+1

αiχ
2
2. (16)
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Fig. 2 A general MISO-SFN configuration [11].

SNRm ≤
−
(∑T

i=1 αi +
∑M

i=T+1 αi

)
+

√(∑T
i=1 αi +

∑M
i=T+1 αi

)2
+ 2ac

∑T
i=1 αi

∑M
i=T+1 αi

a
∑T

i=1 αi
∑M

i=T+1 αi

(20)

Note that the density function for the distribution of a
weighted sum of independent Chi-square random variables
cannot be Chi-square distributed [19].

Therefore, the average BER Pe can be obtained by

Pe = E
[
bQ
( √

aSNRMISO−SFN

)]
≤ b

2
Eχ2

2,χ
2
2

[
exp
(
−a

2
|zm|2SNRm

)]
. (17)

where zm =

√∣∣∣∑T
i=1
√
αihi

∣∣∣2 + ∣∣∣∑M
i=T+1

√
αihi

∣∣∣2 is the ef-
fective channel. From the property of MGF, MX+Y (s) =
MX(s)MY (s), (17) can be represented as

Pe≤ b
2

⎛⎜⎜⎜⎜⎜⎝1+ a
2

T∑
i=1

αiSNRm

⎞⎟⎟⎟⎟⎟⎠
−1⎛⎜⎜⎜⎜⎜⎝1+ a

2

M∑
i=T+1

αiSNRm

⎞⎟⎟⎟⎟⎟⎠
−1

. (18)

After some mathematical manipulations, (18) can be ar-
ranged as

a
T∑

i=1

αi

M∑
i=T+1

αiSNR
2
m

+ 2

⎛⎜⎜⎜⎜⎜⎝ T∑
i=1

αi +

M∑
i=T+1

αi

⎞⎟⎟⎟⎟⎟⎠SNRm − 2c ≤ 0. (19)

From the solution formula for a quadratic equation, the
achievable SNR for the MISO-SFN can be obtained by
an interval. Due to the Chernoff upper bound condition,
Q(x) ≤ 1

2 exp
(
−x2/2

)
for x > 0, the condition SNR > 0

should be satisfied in (17). As a result, (20) only takes the
upper bound of the inequality solution.

Similarly to (1), the definition of the MISO-SFNG can
be re-written as:

MISO-SFNG=
− (1+βm)+

√
(1+βm)2+2acβm

2aβm
(21)

where βm =
∑M

i=T+1 αi is the receive power imbalance
parameter with respect to the reference

∑T
i=1 αi = 1 ≥∑M

i=T+1 αi for the MISO-SFN case.

4. Simulation Results

4.1 SISO- and MISO-SFNG according to Receive Power
Imbalance

For the simulation, each group includes one transmitter so
that Alamouti encoding is applied to a couple of transmitters
within the SFN. The modulation parameters are chosen to be
4/16/64-QAM. Target BER Pe is set to 10−2.

Figures 3 to 5 show the BER performance of the SISO-
SFN, MISO-SFN and SISO systems in Rayleigh fading
channel, which illustrate the qualitative effect of the receive
power level difference. In order to obtain each sample un-
der the given power imbalance condition, SNR is gradually
increased until the BER of Pe = 10−2 is reached with a
99.9% confidence level. Achievable SNRs for SISO SFN
and MISO SFN as analytically derived in (12) and (21) re-
spectively are shown by lines on Figs. 3 to 5 with respect to
the receive power imbalance. The corresponding simulation
results are also shown by markers (◦,�, ∗) on Figs. 3 to 5,
which coincide very well with the analytical results. Both
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Fig. 3 Impact of receive power imbalance on the performance of DVB-
T2 MISO-SFN, SISO-SFN and SISO systems. (4-QAM case, q = 2.0)

Fig. 4 Impact of receive power imbalance on the performance of DVB-
T2 MISO-SFN, SISO-SFN and SISO systems. (16-QAM case, q = 2.74)

SISO-SFNG and MISO-SFNG depend on the receive power
imbalance and are maximized when signals of equal power
from the two different transmitters (groups) are combined.
The achievable SNR of MISO-SFN is always lower than that
of SISO-SFN. In addition, the SFNGs are constant regard-
less of modulation order. When the receive power imbalance
is 0 dB, for SISO-SFN, exactly 3 dB gain is observed com-
pared to the SISO system. For MISO-SFN, around 5.0 dB
additional gain is also observed compared with SISO-SFN.
Conversely, the scheme would be of limited benefit in net-
works with little overlap. As the receive power imbal-
ance decreases, the achievable SNR of both SISO-SFN and
MISO-SFN converges to that of SISO.

4.2 SISO- and MISO-SFNG according to Coverage Dis-
tance

Receive field strengths and network gains of SISO-SFN,

Fig. 5 Impact of receive power imbalance on the performance of DVB-
T2 MISO-SFN, SISO-SFN and SISO systems. (64-QAM case, q = 3.15)

Fig. 6 Receive field strength of SISO-SFN and MISO-SFN compared to
SISO transmission.

MISO-SFN and SISO transmission can be evaluated for the
coverage scenario with two transmitters as shown in Figs. 6
to 10. The transmitters are assumed to be geographically
separated by 20 km from each other. The equivalent isotrop-
ically radiated power (EIRP) for each transmitter is assumed
to be 0 dBm, and the target frequency is 665 MHz (UHF
Channel 46 of North America). To calculate the receive
power at each point from two transmitters, the simplified
Okumura-Hata path loss formula is applied [17]:

PL(d) = 20 log10 fc + 20 log10 dn + 32.4, (22)

where fc is a center frequency in MHz, dn is a distance from
nth transmitter in km.

Figure 6 shows the receive field strengths of SISO-SFN
and MISO-SFN compared to the SISO transmission. It is
shown that the network gain is maximized at the middle of
the two transmitters. That is, the receivers located at points
with similar signal levels show high SFNG, which may lead
to an increase in coverage. If the power imbalance is signif-
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Fig. 7 Receive field strength (dBm) contour of SISO-SFN when M = 2.

Fig. 8 Achievable SISO-SFNG contour in dB when M = 2.

icantly high in the areas close to the transmitters, no SISO-
and MISO-SFNG can be obtained.

Figures 7 to 10 show the receive power contours and
network gains of SISO-SFN and MISO-SFN when trans-
mitter 1 and transmitter 2 are located in (West-East, North-
South)= (0, 10) and (0,−10), respectively. The SISO-SFNG
and MISO-SFNG are maximized in overlapped areas where
the field strengths received from more than one transmit-
ter are comparable. Note that the receive field strength and
network gain of MISO-SFN are much larger than those of
SISO-SFN, which may lead to an improved SNR as well as
extended coverage.

Figures 11 to 14 show the receive power contours and
network gains of SISO-SFN and MISO-SFN when the num-
ber of transmitters in Group 1 (T = 2) is more than that in
Group 2 (M − T = 1). Transmitters 1, 2, and 3 are lo-
cated in (West-East, North-South)= (0, 10), (0,−10), and
(5, 5), respectively. For MISO-SFN, transmitters 1 and 2 are
grouped as Group 1. Although the SISO-SFNG and MISO-
SFNG are still maximized in the overlapped areas, which

Fig. 9 Receive field strength (dBm) contour of MISO-SFN when
(M,T ) = (2, 1).

Fig. 10 Achievable MISO-SFNG contour in dB when (M,T ) = (2, 1).

is the border of each group, the location of the maximum
achievable gain is shifted to another point, by comparing
Figs. 7 to 10. This is because the receive power imbalance
at a certain location is varied as the number of transmitters
involved in each group is varied.

Consequently, using (12) and (21), the SISO- and
MISO-SFNG for various combinations of network configu-
ration and transmit powers can be quickly obtained without
any computer simulation.

5. Conclusion

This paper theoretically analyzed the network gains of
SISO-SFN and MISO-SFN broadcast systems. The anal-
ysis proved that MISO-SFNG is always larger than SISO-
SFNG in terms of the SNR. In addition, both MISO-SFNG
and SISO-SFNG are dependent on the receive power im-
balance, but the network gain is constant regardless of the
modulation order. Once the receive field strength from all
the transmitters in SFN is obtained at each point by using
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Fig. 11 Receive field strength (dBm) contour of SISO-SFN when M = 3.

Fig. 12 Achievable SISO-SFNG contour in dB when M = 3.

coverage planning tools such as CRC-COVLAB [20] or by
conducting field measurements, the SFN service coverage
can be precisely calibrated by applying the derived closed-
form SFNG formula.
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