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1.	�
introduction


This document summarises the results of laboratory and field measurements carried out on the first outdoor gap-filler prototype developed under the ACTS VALIDATE project by MIER COMUNICACIONES, S.A.


These results have been obtained after an intensive work aiming to design and construct an operative re-transmitter of DVB-T compliant signals to be placed in a single frequency network, either to cover shadowed areas not served by the a main transmitter or to extend the coverage of a main transmitter. Such re-transmitter is called “gap-filler” and this document constitutes the proof of the feasibility of this concept.


The document explains how it is configured a gap-filler for professional applications and its main performances. Later on, it is presented the laboratory and field tests performed on the prototype. Finally, a list of conclusions is given.


2.	SINGLE FREQUENCY NETWORK (SFN) GAP-FILLERS


The gap-filler concept is reserved in this context for a re-transmitter for a DVB-T compliant signal in which the input and output RF frequency is identical, intended for operation in a single, frequency network (abbreviated as SFN).


A generic gap-filler block diagram is shown in � REF _Ref395424454 \h ��Figure Error! Unknown switch argument.�. In this scheme, the incoming RF signal is downconverted to an IF, where a bandpass IF filter rejects other incoming unwanted signals, and after that an up-converter translates the IF signal to the RF output channel, which is the same as the input one. Finally, the signal is boosted to the required output level by an output power amplifier.





�EMBED Word.Picture.8���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Generic gap-filler block diagram


Due to the fact that the gap-filler is essentially a filtered amplifier, it can be modelled as shown in � REF _Ref394383338 \* COMFORMATO �Error! Unknown switch argument.�. Inside the signal bandwidth, the gap-filler operates as an amplifier followed by a time delay cell of value (. Such delay is due to the IF bandpass filter. The receiving and transmitting antennas are not perfectly isolated between them, therefore their mutual coupling causes a feedback from the gap-filler output to its input. The effect of the antenna coupling can be modelled as a feedback network of gain B as shown also in � REF _Ref394383338 \* COMFORMATO �Error! Unknown switch argument.�. In addition, the coupling path has also a time delay, but its value is much smaller than the gap-filler delay (, so it can be neglected.





The transfer function of that system is:





�EMBED Equation.2���
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Gap-filler simplified model


The amplitude response is not flat, but has a ripple that depends on the product AB. The value of the ripple as a function of the product AB is:





�EMBED Equation.2��� 





Another way to express the product AB is as the gain margin, which can be defined as the difference between the antenna isolation and the gap-filler gain:





Gain margin (dB) = -20 log (AB)





� REF _Ref394399674 \* COMFORMATO �Error! Unknown switch argument.� illustrates the amplitude ripple as a function of the gain margin.





The key point of a gap-filler for its operation within a single frequency network is the trade-off between a minimum gain-margin -that will allow to provide the maximum gain and thus the maximum output power- and the maximum allowed ripple, which will depend on the COFDM signal configuration.





�Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Amplifier ripple vs gain margin
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3.	outdoor gap-filler prototype characteristics


3.1	CONFIGURATION


The gap filler prototype that has been built up and tested within the project is basically composed by the following units:





Basic unit


Amplifier Unit


Output filter





This configuration is illustrated as a detailed block diagram in � REF _Ref394403131 \* COMFORMATO �Error! Unknown switch argument.�. The functions performed by each unit are described hereafter.





Basic Unit: it carries out the following basic repeater functions:


downconversion from the RF channel down to an IF


IF filtering


Amplification


Automatic gain control (AGC)


Upconversion from the IF up to the RF channel output channel


Amplifier Unit: it carries out the power amplification


Output filter: it performs the final signal filtering for out-of-band unwanted signal rejection.





At its time, the basic unit, that is the most complex one, is composed by the following parts:


Input filter, that rejects unwanted incoming out-of-band signals


1st converter, that includes:


the down frequency conversion module from the input RF channel down to an IF,


the IF filter and


the AGC


Linearity precorrector, an optimised circuitry whose function is to compensate the intrinsic non-linear behaviour of the amplifier unit


2nd converter, that includes:


the up frequency conversion module from the IF up to the output RF channel and


the output level control circuitry.


Synthesiser Unit, that generates and delivers the local oscillator signal to both frequency converters.


3.2	gain and level diagram


The gain as well as the input and output levels of the main gap-filler’s blocks described above are presented in the diagram of � REF _Ref395424530 \h ��Figure Error! Unknown switch argument.� 





�



3.3	main specifications


A summary of the outdoor gap-filler’s main specifications is presented in the table hereafter:





Parameter�
Value�
�
Input level range�
-73 to -33 dBm�
�
Input/output channel�
In-factory adjustable from 21 to 69 in the UHF band�
�
In-band ripple �
<1dB�
�
Noise Figure�
<10dB�
�
Max. output power�
20Wrms�
�
IP shoulder level �
(-40dB�
�
Input return loss�
<-18dB�
�
Output return loss�
<-18dB�
�



�
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� – Outdoor gap-filler prototype block diagram
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Gap-filler’s gain and level distribution





�
4.	performances


In this chapter, the main performances of the different blocks described previously are described.


4.1	basic unit 


� REF _Ref395006653 \* COMFORMATO �Error! Unknown switch argument.� shows the amplitude response of the gap-filler’s basic unit. The selective frequency response is due to the IF bandpass filter behaviour.





�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Basic unit amplitude response


4.2	power amplifier


The amplifier unit linear behaviour is depicted in � REF _Ref395059351 \* COMFORMATO �Error! Unknown switch argument.�, in which the AM/AM conversion and gain compression are illustrated.


�



�EMBED Excel.Chart.8 \s���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Amplifier unit linear behaviour


4.3	output filter 


The amplitude response of the output filter is illustrated in � REF _Ref395059550 \* COMFORMATO �Error! Unknown switch argument.� and � REF _Ref395059562 \* COMFORMATO �Error! Unknown switch argument.�, while the return loss can be observed in � REF _Ref395059616 \* COMFORMATO �Error! Unknown switch argument.�.





�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output filter amplitude response at 10dB/div


�
�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output filter amplitude response at 0.5dB/div


�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output filter return loss


�



4.4	performance of the whole equipment


One of the most relevant performance characteristic of a gap-filler that should operate in a single frequency network is the ripple value as a function of the gain margin (defined in paragraph � REF _Ref395344830 \r \h ��2.	SINGLE FREQUENCY NETWORK (SFN) GAP-FILLERS�). The measurement of this characteristic for the gap-filler prototype in subject has been carried out based on the set-up shown in � REF _Ref395344883 \h ��Figure Error! Unknown switch argument.�.





�EMBED Word.Picture.8���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� – Ripple measurement setting up


The results of this measurement are shown in � REF _Ref395072436 \h ��Figure Error! Unknown switch argument.�, in which the measured curve is compared to the theoretical one. As it can be seen from the curve, for low values of gain margin, the ripple measured is better than the theoretical value. This is due to a specific and optimised design of the electronics inside the basic unit in order to maintain the gap-filler stabilised even with a negative gain margin (that means a gain higher than the antennas’ isolation)





�EMBED Excel.Chart.8 \s���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Theoretical and measured amplitude ripple vs. gain margin
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5.	laboratory and field tests


Once the gap-filler was built up and characterised and according to the working plan, a set of preliminary tests both in the laboratory of MIER COMUNICACIONES and in real field operation were planned. The measurement results presented here are those obtained up to the date of issuing this document. More results and conclusions will be presented in further issues of it as the tests are completed.


5.1	laboratory measurements


Measurements performed in the laboratory were essentially oriented to estimate the BER as a function of the C/N ratio at the receiver input. Taking into account that the main causes of signal degradation in a gap-filler are the antenna isolation from one hand and the non-linear behaviour from the other hand, the objective was to obtain two characteristics:





BER vs amplitude ripple


BER vs output power





Before doing these measurements, a preliminary BER estimation was obtained connecting the modulator output directly to the receiver input. The values measured have been used as a reference in order to asses the impact of the above mentioned impairments.


5.1.1	Tests conditions


The tests have been carried out with a COFDM signal configured as follows:





Mode:				2k


Modulation scheme: 	16QAM


Code rate:			3/4


Guard interval:		1/8


RF channel:			57, from 758 to 766 MHz





The COFDM modulator and the DVB-T decoder used to perform the measurements were kindly supplied by NDS.





The BER values have been obtained by estimation and before the Viterbi convolutional decoder. 


5.1.2	Tests set-up


It is depicted in � REF _Ref394463627 \* COMFORMATO �Error! Unknown switch argument.�. The DVB-T signal is generated at IF by a COFDM modulator. This IF signal is up-converted to the channel 57, which corresponds to a centre frequency of 762MHz. Next, an attenuator reduces the signal level to a suitable value for the gap-filler input. After that, the gap-filler amplifies, filters and adds all the impairments whose effects are going to be measured. One sample of the output signal is obtained by means of a directional coupler. A power divider splits the sample in two branches: one of them is connected to a spectrum analyser, whereas the other branch is connected to the COFDM receiver. White gaussian noise (AWG) from a noise generator is optionally added to the branch connected to the receiver.


This set-up allows to control the signal and noise levels at the receiver input, in order to get the C/N values needed for the tests.





�EMBED Word.Picture.8���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Laboratory tests set-up


Regarding the antenna isolation problem’s investigation, a laboratory configuration has also been set up and is shown in � REF _Ref394466310 \* COMFORMATO �Error! Unknown switch argument.�. The feedback path has been simulated by means of two directional couplers and one variable attenuator. Since the antenna coupling delay is much smaller than the own gap-filler delay, no special attention has been paid to the delay of the simulated feedback. This feedback configuration permits to simulate antenna isolation values ranging from 40dB to 120dB. Tests regarding antenna’s coupling problem were performed using the same set-up shown in � REF _Ref394463627 \* COMFORMATO �Error! Unknown switch argument.�, in which the gap-filler was replaced by the two-port system depicted in � REF _Ref394466310 \* COMFORMATO �Error! Unknown switch argument.�.





�EMBED Word.Picture.8���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Antenna coupling simulation


�



5.1.3	Tests results


The BER estimation without channel impairments (reference curve) is shown in � REF _Ref395067491 \h ��Figure Error! Unknown switch argument.�. The same measurement has been performed inserting the gap-filler with low power output and without feedback applied (maximum isolation). No difference was noted with reference to the curve in � REF _Ref395067491 \* COMFORMATO �Error! Unknown switch argument.�.





�EMBED Excel.Chart.8 \s���


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - BER before Viterbi without channel impairments


5.1.3.1	BER vs ripple amplitude


The results of BER before Viterbi convolutional decoding as a function of ripple amplitude are illustrated in � REF _Ref394998556 \* COMFORMATO �Error! Unknown switch argument.�. Gap-filler output spectrum for ripple amplitude values in dBpp of 2.5, 4, 6.5, 10 and 15 are shown in curves from � REF _Ref394998698 \* COMFORMATO �Error! Unknown switch argument.� to � REF _Ref394998710 \* COMFORMATO �Error! Unknown switch argument.�. One important conclusion is that no signal degradation has been observed for a ripple amplitude up to 10 dBpp, whereas for 15 dBpp the degradation is noticeable.


�















�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output spectrum for 2.5dBpp ripple
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output spectrum for 4dBpp ripple
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output spectrum for 6.5dBpp ripple








�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output spectrum for 10dBpp ripple


�



�


Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - Output spectrum for 15dBpp ripple
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - BER before Viterbi vs ripple amplitude


5.1.4	BER vs output power


� REF _Ref394998914 \* COMFORMATO �Error! Unknown switch argument.� illustrates the estimated BER as a function of the gap-filler output power. The test has been performed for average output power values of 10, 20, and 40 W without linearity precorrection. The curve designated as “linear” has been obtained for a very low power, being the reference curve. As it can be seen from the curve, degradation begins to be significant for an output power value greater than 20 W, which means a back-off of 7 dB with regard to the 100 W peak power capability of the gap-filler.


�
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - BER before Viterbi vs output power


The performance of the linearity precorrector circuitry can be appreciated in � REF _Ref395000276 \* COMFORMATO �Error! Unknown switch argument.�, obtained for an average output power of 20 W. 
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Figure � SEQ Figure \* ARÁBIGO �Error! Unknown switch argument.� - BER before Viterbi vs lineariser


5.2	field measurements


{To be filled, after completion of field tests}
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6.	CONCLUSIONS


The main conclusions up to now can be summarised as follows:





1)	The main problem of the gap-filler, the auto-oscillation, has been limited and demonstrated under control even for a gap-filler’s gain higher than the antennas isolation value.


2)	The gap-filler causes a degradation on the COFDM signal due to:


a)	The ripple as a consequence of the positive feed-back.


b)	The non-linearities of the power blocks.


3)	The ability of an outdoor gap-filler to deliver an average output power of 20W (43dBm) has been demonstrated.





{To be completed}
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