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Introduction

Single Frequency Network (SFN) television broadcasting systems have been
widely deployed, especially for OFDM based systems like DVB-T and DVB-T2
[1][2], DTMB, and ISDB-T, due to their high frequency efficiency and simple
frequency planning. However, building a successful SFN system is challenging
because it requires precise transmitter deployment in order to ensure good
coverage.

In an SFN, two or more transmitters radiate the same signal on the same
frequency simultaneously and repeaters are used to ensure good signal cover-
age. The receiver is thus likely to receive multiple echoes from many of these
transmitters. Echo scenarios in SFN systems in the real world can generally be
categorized as one of the following: post-echoes, pre-echoes, pre-echoes and
post-echoes.

For an OFDM system, a guard interval (Gl) is inserted between symbols to
prevent inter-symbol-interference (ISI). As long as the maximum delay of the
echoes is within the Gl, there should theoretically be no ISI. The principle
behind SFN deployment is that the echoes from different transmitters must lie
within the Gl and echoes outside the GI must be low enough to avoid detection
so that no interference is received.

For SFN system optimization, it is necessary to distinguish problems that come
from the receiver from ones that come from the network itself. Some receiver
test specifications, such as MBRAI/NorDig [3-5], define the scenarios, including
echo power, echo delay, and named echo mask, under which all receivers must
achieve Quasi Error Free (QEF) reception with a sufficient Signal to Noise Ratio
(SNR). Otherwise, reception cannot be guaranteed.

BER measurements are always important for transmitter test and operators also
like to use this metric to evaluate the signal quality of the network. However, the
BER metric is not very valuable for network optimization because the achievable
BER depends strongly on the receiver's performance. It is more important for
operators to be aware of the network characteristics that can significantly affect
the ability of the receiver to recover the desired data. These characteristics
include the echo power ratio and the delay spread and it is important to perform
measurements at different geographic locations in order to guarantee good
reception. With the help of these network metrics, operators can adjust the
transmission parameters of the transmitters in the system in order to achieve
optimal signal coverage.

In addition to IS, there can be both constructive and destructive interference
among the received echoes, resulting in fading and leading to self-interference.
In an SFN, signals with close power strength from two transmitters may
exhibit a significant power loss at the receiver because of potential destructive
interference. To mitigate such a problem, the DVB-T2 standard has adopted the
well-known Alamouti Multiple Input Single Output (MISQO) [6] technology. In a
DVB-T2 MISO SFN system, network optimization is required, just as it is for a
SISO system.



SFN Echo Scenarios

Post-echo scenario

The transmission scenario and the channel impulse response for post-echoes
are shown in Figure 1. In the post-echo scenario, the strongest path (main path)
is from the nearest transmitter tower and the other paths are either from trans-
mitters located further away or from reflections which arrive after the main path
and have lower power levels. In Figure 1, just one echo is shown.
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Figure 1. Post-echo scenario and the associated channel impulse response.

Pre-echo scenario

The transmission scenario and channel impulse response for pre-echoes are
given in Figure 2. Pre-echoes often occur when there are repeaters nearby. For
the pre-echo scenario, the strongest path is re-transmitted from the repeater
and doesn't arrive first. The LOS (line of sight) path arrives first but has a lower

power level.
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Figure 2. Pre-echo scenario and the associated channel impulse response.



Pre-echoes and post-echoes

A pre-echo and post-echo scenario occurs when both a pre-echo and a post-
echo exist in the transmission channel. The transmission scenario and channel
impulse response are shown in Figure 3. The strongest path is re-transmitted
from the repeater. The LOS signal arrives first but it has a lower power level and
the paths that arrive later may be from reflections.
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Figure 3. Pre-echo and post-echo scenario and the associated channel impulse response.

Echo mask requirements

According to the test specifications like MBRAI[3] for DVB-T, as long as the
requirements of the echo mask can be met, all the receivers should achieve QEF
reception. Figure 4 is an example of the echo mask defined in MBRAI[3]. The
receiver must use equalization to overcome the echoes. The performance of the
equalizer is mainly affected by two factors: echo delay and echo power. So it is
critical for measurement instruments to provide the echo power and echo delay
accurately during network deployment in order to guarantee good coverage.
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Figure 4. Example of echo mask as defined in MBRAI.



SFN Measurements

In SFN systems, the channel impulse response h(n) can be expressed as

L1
h(n):gaié(n—ri), 0<n<N-T 0

L = the number of echoes
a, =the complex gain
7, = the delay of the i"" echo

The echoes in the channel impulse response will result in overlapping OFDM
symbols and subsequent ISI, which may cause degradation in reception.
Therefore, measurement instruments need to be able to detect the echoes and
provide gain and delay for each detected echo.

As mentioned previously, in OFDM systems, a Gl is inserted in order to prevent
ISI. As long as the maximum delay is within the GI, theoretically there is no ISI.
In order to get accurate echo patterns, an SFN analyzer should not only find the
best FFT window position to do demodulation and analysis, but it should also
provide the flexibility to adjust the FFT window to see the effect using different
FFT window positions.

Figure 5 shows a scenario with one pre-echo and one post-echo and demon-
strates how to adjust FFT window position. The FFT start position, as shown in
Figure 5, is set as the starting point of the FFT window. In order to measure the
echo pattern accurately, the FFT window should be set to ensure that minimal
ISl is introduced and to include as many echoes as possible. “No ISI range”
means that if the FFT start position is set in this range, there is no overlap with
the preceding and subsequent symbols of the various echoes.
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Figure 5. FFT window selection.



Echo measurement with delay within the Gl

In OFDM systems, pre-defined comb-type pilot carriers are usually used to
estimate and track the channel status. By using these pilot carriers for channel
estimation, and with a carefully designed filter, we can detect all echoes accu-
rately for various scenarios when the maximum echo delay is within the GI.

Extending the echo delay measurement range

Echoes in an SFN system may not conform to the echo masks defined by
MBRAI/NorDig without optimization. The capability to detect echoes that vio-
late the masks is therefore essential. Keysight Technologies Inc. measurement
instruments and software offer the high degree of capability required to easily
meet this advanced measurement challenge by decoding the data to provide
accurate reference signals for channel estimation.



Keysight’s SFN Measurement Solution

X-Series signal analyzers and the N/W6153A DVB-T/H/T2
measurement application

X-Series signal analyzers range from the high-performance (PXA), to the
mid-range (MXA), the economy-class (EXA), and the low-cost (CXA). Power
measurements like channel power, ACP (adjacent channel power), spectrum
emission mask and modulation accuracy tests can be supported with all of
these instruments. With X-Series signal analyzers, you can make measurements
that are compliant with digital video broadcasting standards such as CMMB,
DTMB, DVB-T/H/T2, ISDB-T/T,/Tmm, DVB-C, J.83 Annex A/B/C and audio
broadcasting standards like DAB, FM Stereo/RDS and more.
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Figure 6. N6153A DVB-T/H/T2 measurement results example showing shoulder
attenuation and an 1/Q measured polar graph.



The N6153A DVB-T/H/T2 measurement application is one of more than 25
measurement applications in the Keysight X-Series. It runs inside the PXA, MXA,
EXA and CXA signal analyzers and provides one-button, standard-based power
and modulation analysis for DVB-T/H/T2 signals. It can be used to make the
SFN measurement for DVB-T/H, SISO, and MISO DVB-T2 networks.

Key parameters for the DVB-T/H/T2 measurement application:

- Radio standard: DVB-T, DVB-H and DVB-T2 (versions 1.1.1 and 1.2.1)

- Channel bandwidth: 5/6/7 /8 MHz in DVB-T/H; 1.7/5/6/7 /8/10 MHz in DVB-T2

- FFT Mode: 2K/8K in DVB-T, 2K/4K/8K in DVB-H, 1k/2K/4K/8K/16K/32K in
DVB-T2

- Modulation: QPSK/16QAM/64QAM in DVB-T/H; QPSK,16/64/256QAM in
DVB-T2

Measurements:

- Power measurements
— Channel power
- Shoulder attenuation
- Adjacent channel power
- Spectrum emission mask
- Power statistic CCDF
- Spurious emission
- Modulation accuracy measurements, including:
- MER, EVM, magnitude error, phase error, frequency error, clock error
amplitude imbalance, quadrature error, phase jitter, carrier suppression, SNR
— Channel frequency response, including amplitude vs. subcarriers, phase vs.
subcarriers, group delay vs. subcarriers
— Channel impulse response, supporting SFN test
- BER results
- TPS decoding and L1 signaling
- MER monitor



Test configuration and system parameters

In the test configuration in Figure 7, the Keysight N5182A or N5182B MXG
vector signal generators can be used for signal generation and the N5106A PXB
baseband generator and channel emulator is used to simulate the DVB-T and
DVB-T2 SFN networks. An N9020A MXA signal analyzer, is used for the SFN
measurement. Different scenarios such as pre-echo, post-echo, pre-echo and
post-echo, and long delay echo for the DVB-T system, and scenarios for the
DVB-T2 MISO system, can be evaluated using this configuration.
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Figure 7. SFN test instrument configuration using the N5182A or N5182B MXG,
N5106A PXB, and N9020A MXA.

Table 1. Parameters for an SFN measurement for a DVB-T system

Bandwidth 8 MHz
Center frequency 474 MHz
FFT size 8k

Guard interval Y (224 us)
Constellation 640AM

Post-echo scenario

The post-echo profile used in this test is shown in Table 2. The delay of the
second path is set to 210 us, a little smaller than the Gl (224 us) designated as a
parameter of the DVB-T system in Table 1.

Table 2. Post-echo profile

1 0 0

2 -1 210




In this scenario, the optimal FFT start position is 0/8 Gl so that both the main
path and the second path can be included in the FFT window. The channel
impulse response result for the post-echo scenario is shown in Figure 8. The
blue bar shows the Gl range, and the MER results and cell ID are shown at the
top of the screen. In the Peak Table on the left-hand side of the screen in Figure
8, the delay and level of each detected path are listed, showing that both paths
can be detected correctly for this scenario.
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Figure 8. Post-echo scenario channel impulse response result.

Pre-echo scenario

The pre-echo profile used in this test is shown in Table 3. The delay of the
second path is set to 210 us.

Table 3. Pre-echo profile
i a;(dB) 7; (us)

2 0 210




In this scenario, the optimal FFT start position is 8/8 Gl so that both paths can
be included in the FFT window. The channel impulse response result for the pre-
echo scenario, shown in Figure 9, demonstrates that the signals can be detected
correctly.
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Figure 9. Pre-echo channel impulse result.

Pre-echo and post-echo scenario

The pre-echo and post-echo channel profiles used to simulate this scenario are
listed in Table 4.

Table 4. Pre-echo and post-echo profiles

i - 0;(dB) 7i (us)
1 =10 0
2 0 105
3 =10 210




The optimal FFT start position for this scenario is 4/8 Gl. The channel impulse
response result for this pre-echo and post-echo scenario is shown in Figure 10.
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Figure 10. Pre-echo and Post-echo response result.

Scenario with long delay echoes

The long delay echo scenario represents a case where the second path is
emanating from a distant reflection, so that its level is relatively low and its
delay is larger than the Gl. Long delay echoes may occur in a network without
SFN optimization, so it's important for the measurement instrument to have the
ability to measure them. In the channel profile used to simulate this scenario,
shown in Table 5, the delay of the second path is set to 440 us, which is almost
twice the Gl (224 us).

Table 5. Echo with long delay profile
i a; (dB) 7 (us)

2 -20 440




The optimal FFT start position for a long delay profile is 0/8 Gl, and decoding

must be turned to on in the measurement software to eliminate the

image echo

caused by the long delay echo. Figure 11 shows the channel impulse response
when decoding is off. In this case, only pilot sub-carriers are used for channel

estimation and as a result, the long delay echo is severely distorted

and an

image echo appears within the Gl range. Figure 12 shows that if decoding is
turned on when both pilot and data sub-carriers are used for channel estimation,
the long delay echo power is closer to the real value and the image echo is
eliminated.
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Figure 11. Long delay echo profile measurement result (Decoding off).
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For DVB-T SFN networks, with the solution provided by X-Series signal analyzers
and the N6153A measurement application, both echo power and delay can be
detected accurately for various channel profiles, including pre-echoes, post-
echoes, pre-echoes and post-echoes, and even for echoes with delays longer
than the GI.

SEN measurements for DVB-T2 MISO systems

The simplified block diagram for a DVB-T2 MISO measurement is shown in
Figure 13. The same information is transmitted by each transmitter, but the
second transmitter (TX2) transmits a slightly modified version of each pair of
constellations in the reverse order in frequency [7].

SA with

DVB-T2

MISO-SFN measurements are being adopted as part of the DVB-T2 standard
requirements. The DVB-T2 standard defines a number of configurations that
make the system suitable for various uses, from low data rate mobile services to
HDTV programming. In this example, we are using the VV018 configuration from
the Validation and Verification (V&V) test group.

The parameters of the DVB-T2 system are listed in Table 6. Both pre-echo and
post-echo scenario evaluations are described below.

Table 6. System configuration for DVB-T2

Transmission mode MISO
Bandwidth 8 MHz
FFT size 32 k
Guard interval 1/16 (224 us)
Constellation Rotated 256QAM
Pilot pattern PP2




Post-echo scenario

In the post-echo scenario in the DVB-T2 SFN network shown here, the signal
from the second transmitter has a lower power level and arrives after the signal
from the first transmitter. The detailed parameters are shown in Table 7.

Table 7. Post-echo profile
Tx antenna i a;(dB) 7; (us)
1 0 0
2 -1 190

In this scenario, the optimal FFT start position is 0/8 GI, which allows for both
paths to be included in the Gl range of the FFT window. The channel impulse
response results are shown in Figure 14. From the Peak Table, it is easy to dis-
tinguish which path comes from transmit antenna 1 (Tx1) and which path comes
from transmit antenna 2 (Tx2). The blue bar shows the Gl range. Also, cell ID
and MER results are shown, and provide auxiliary information for the network
measurement.

The results show the diversity benefit of using of the MISO technique in an SFN.
In SISO-SFN, large echoes of long delay are often considered to be tough cases
due to sub-carrier fading. For example, sub-carriers may be completely nulled
out by a 0 dB echo. MISO essentially improves the signal reception quality in an
SFN.

DYB-T/H - T2 Mod Accuracy (Prototype - Limited Sale Allowed)
B e o e I | £ SE [ Se Rl A ALIGN OFF 09:22:45 AM Dec 21, 2011 T
Clock Rate 9.142857 MHz G B Radio Std: DYBT2
Spectrum
Peak Table Ampted Cell ID (hex/dec): 0x0 7 0 Normal Invert
Time (us)) dB | Tx Group St MER [Data): 445 F——

Equalization
on off
Clock Rate
9.142857 MHz

FFT Start
Position»
118 Gl

MISO Test
Setup»
Tx1+Tx2

More
10f2

IM SG STATUS |

Figure 14. DVB-T2 MISO with post-echo channel impulse response results.




Pre-echo scenario

In the pre-echo scenario in the DVB-T2 SFN network shown here, the signal
from the second transmitter has a higher power level and arrives after the signal
from the first transmitter. The detailed parameters are listed in Table 8.
Table 8. Pre-echo profile
Tx antenna i a;(dB) Ti (us)
1 -1 0
2 0 190

In this scenario, the optimal FFT start position is 8/8 GI. The channel impulse
response results are shown in Figure 15 and indicate that the signals can be
detected correctly.

DYB-T/H - T2 Mod Accuracy, {Prototype - Limited Sale Allowed)

R soioiAcE i | = SENSEEXT] SOURCEIORE. MALIGN OFF [10:14:35 AM Dec 27, 2011
Clock Rate 9.142857 MHz q 000 MHz (CH Num:21)  Radio Std: DVBT2 Advanced

EQ wp— Trig: Periodic Timer
IFGain:Low Atten: 10 dB (Elec 0} T
Peak Table Amptd . Cell ID {hex/dec): 00 /0 Normal s,
Time (us) Tx Group =SS MER (Data): 4421 dB e
Equalization
on Off|
Clock Rate
9.142857 MHz

FFT Start
Position»
7i8 Gl

MISO Test
Setup»
Tx1+Tx2

IM SG STATUS |

Figure 15. DVB-T2 MISO with pre-echo channel impulse response result.

Testing a DVB-T2 MISO SFN network with the Keysight measurement solution
made up of an X-Series signal analyzer and the N6153A measurement
application, allows echo power and delay to be detected accurately for both
post-echo and pre-echo scenarios.



Conclusion

SFN systems offer many potential advantages, but to realize the full benefit of
these systems, they must be planned very carefully. The accurate measurement
of network characteristics provides the foundation for proper SFN planning.
Keysight's SFN measurement solution provides a reliable way to perform the
required tests for pre-echo, post-echo, and pre- and post- echo scenarios, even
for echoes with delay outside the GlI, and allows for precise SFN network plan-
ning and deployment. Not only is Keysight's SFN measurement solution being
used around the world both in the lab and out in the field to perform DVB-T and
DVB-T2 network deployment, but its flexibility and powerful capabilities are now
being applied to the deployment of other systems as well, including ISDB-T.

References

1. ETSI EN 300 744, “Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for digital terrestrial television”.

2. ETSIEN 302 755, “Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for a second generation digital terrestrial television broadcasting system (DVB-12)."
V1.2.1, 2011-02.

3. EICTA MBRAI, “Mobile and Portable DVB-T/H Radio Access; Part 1: Interface specification”.

4. EICTA MBRAI, “Mobile and Portable DVB-T/H Radio Access; Part 2: Interface conformance
testing”.

5. NorDig, “Unified Test specification for Integrated Receiver Decoders”, Ver 1.0.3.

6. S.M. Alamouti, “A Simple Transmit Diversity Technique for Wireless Communications”, [EEE
Journal on Select Areas in Communications, vol 16, no. 8, October 1996.

7. ETSI'TR 102 831, “Digital Video Broadcasting (DVB), Implementation guidelines for a second
generation digital terrestrial television broadcasting system (DVB-T2)".

Related Literature
Conduct DVB-T/H Conformance Tests with Keysight's Real-Time
DVB-T/H Digital Video Solution, Literature number 5990-5722EN

Keysight Digital Video and Broadcast Audio Measurement solutions,
Brochure, Literature number 5991-1011EN

N6153A & WE153A DVB-T/H with T2 X-Series Measurement Applications,
Technical overview, Literature number 5990-3569EN

X-Series Signal Analysis, Brochure, Literature number 5990-7998EN



19| Keysight | Addressing the Challenges of Deploying Single Frequency Networks DVB-T & DVB-T2 - Application Note

myKeysight

Ao

myKeysight
www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

www.axiestandard.org
AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an

For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

open standard that extends the AdvancedTCA for general purpose and Americas

semiconductor test. Keysight is a founding member of the AXle consortium. Canada (877) 894 4414
ATCA®, AdvancedTCA®, and the ATCA logo are registered US trademarks of Brazil 5511 3351 7010
the PCI Industrial Computer Manufacturers Group. Mexico 007 800 254 2440

www.Ixistandard.org

United States

(800) 829 4444

LAN eXtensions for Instruments puts the power of Ethernet and the Asia Pacific
L%I Web inside your test systems. Keysight is a founding member of the LXI Australia 1800 629 485
consortium. China 8008100189
Hong Kong 800 938 693
Www.pxisa.org India 1800112 929
[\ ' 4 | PCl eXtensions for Instrumentation (PXI) modular instrumentation delivers a Japan 0120 (421) 345
rAl rugged, PC-based high-performance measurement and automation system. Korea . 080 769 0800
’ Malaysia 1800 888 848
Singapore 1800 375 8100
Three-Year Warranty Tai\?/aﬁ 0800 047 866
www.keysight.com/find/ThreeYearWarranty Other AP Countries (65) 6375 8100
Keysight's commitment to superior product quality and lower total cost
of ownership. The only test and measurement company with three-year Europe & Middle East
warranty standard on all instruments, worldwide. Austria 0800 001122
Belgium 0800 58580
Keysight Assurance Plans Finland 0800 523252
www.keysight.com/find/AssurancePlans France 0805 980333
Up to five years of protection and no budgetary surprises to ensure your Germany 0800 6270999
instruments are operating to specification so you can rely on accurate Ireland 1800 832700
measurements. Israel 1809 343051
[taly 800 599100
www.keysight.com/go/quality Luxembourg +32 800 58580
Keysight Technologies, Inc. Netherlands 0800 0233200
DEKRA Certified ISO 9001:2008 Russia 8800 5009286
Quality Management System Spain 800 000154
Sweden 0200 882255
Keysight Channel Partners Switzerland 0800 805353
www.keysight.com/find/channelpartners Opt. 1 (DE)
Get the best of both worlds: Keysight's measurement expertise and product Opt. 2 (FR)
breadth, combined with channel partner convenience. ) ) Opt. 3(IT)
United Kingdom 0800 0260637

www.keysight.com/digitalvideo
www.keysight.com/find/N6153A

For other unlisted countries:
www.keysight.com/find/contactus

(BP-09-23-14)

This information is subject to change without notice.
© Keysight Technologies, 2014

Published in USA, August 3, 2014
5991-1362EN

www.keysight.com

KEYSIGHT

TECHNOLOGIES


www.keysight.com
www.keysight.com/find/contactus
www.keysight.com/find/contactus
www.keysight.com/find/mykeysight
www.axiestandard.org
www.lxistandard.org
www.pxisa.org
www.keysight.com/find/ThreeYearWarranty
www.keysight.com/find/AssurancePlans
www.keysight.com/go/quality
www.keysight.com/find/channelpartners
http://www.keysight.com/digitalvideo
http://www.keysight.com/find/N6153A

