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Presenter
Presentation Notes
Good afternoon. I am from BBC Research and Development and I have come to tell you about our on-channel repeater for DAB.
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Overview

•
 

The concept of an on-channel repeater
•

 
Theory of operation

•
 

Performance
•

 
Applications

•
 

Field trials
•

 
Future work

Presenter
Presentation Notes
Let me first show the overview of the presentation.
   I will begin with the concept of an on-cannel repeater.
   Then I will proceed to the theory of operation.
   I will discuss the performance of our prototype 
   and the possible applications.
   I will also say a few words about the field trials that we conducted this year.
   I will conclude with future work.
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What is an on-channel repeater?
•

 
An on-channel repeater re-broadcasts a signal on the 
same frequency as it receives.

•
 

We need it because spectrum is expensive and scarce, 
whereas cable or satellite signal distribution may be 
impractical.

On-channel 
Repeater

Presenter
Presentation Notes
So what is an on-channel repeater?
   An on-channel repeater is a device that receives a weak signal from a distant transmitter, amplifies it, and rebroadcasts it on the same frequency. In this respect it differs from a conventional relay, which changes the frequency of the signal before retransmission. Here we have a broadcast application with a directional multi-element Yagi antenna that receives the signal, and an omni-directional dipole as the transmit antenna.  Obviously for point-to-point links, the transmit antenna will also be directional.
   So why do we need an on-channel repeater? We need it because it reuses spectrum. Spectrum is expensive and scarce so sometimes one might not be able to use a conventional relay. Similarly, cable or satellite signal distribution to the transmitter may be impractical.
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What is an on-channel repeater?

The simplest repeater is an amplifier.

On-channel 
Repeater

Power Amplifier

Presenter
Presentation Notes
The simplest repeater is just a power amplifier. Indeed, it looks very simple and cheap, but there is a fundamental problem with this approach. 
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Parasitic feedback
•

 
Physical proximity between antennas causes 
unwanted coupling.

•
 

This simple repeater works only if its gain is 
considerably lower than antenna isolation.

G

Power Amplifier

Signal spectrum:

Isolation –

 

Gain > 30dB

Presenter
Presentation Notes
the antennas are not very far apart, there is unwanted coupling between them. In other words, a fraction of the rebroadcast signal is picked up by the receiving antenna and interferes with the original weak received signal. The amount of this unwanted feedback depends on the degree of isolation between antennas. Therefore this simple system works only if the gain of the amplifier is much lower than the antenna isolation. Let me show a few examples.
   Let us consider the spectrum of an OFDM signal that passes through such a repeater. If the isolation is more than 30dB bigger than the gain, the spectrum looks fine as the amount of self-interference is small.
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Parasitic feedback
•

 
With higher gain values ripple appears.

G

Power Amplifier

Signal spectrum:

Isolation –

 

Gain = 15dB

Presenter
Presentation Notes
As we increase the gain so that this difference is only 15dB, we see ripple in the previously flat spectrum. In fact the peak-to-peak ripple in this case is about 3dB. 
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Parasitic feedback
•

 
Any useful gain values cause unacceptable ripple.

G

Power Amplifier

Signal spectrum:

Isolation –

 

Gain = 0.5dB

Presenter
Presentation Notes
But let's suppose we need a lot more gain to obtain some useful output power, so we increase it to within half a dB of antenna isolation. Now there is so much ripple, that the signal is clearly unsuitable for broadcasting. 
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Parasitic feedback
•

 
High gain values cause instability.

G

Power Amplifier

Signal spectrum:

Isolation –

 

Gain ≤

 

0 dB

Presenter
Presentation Notes
Once the gain is greater than isolation, the system becomes unstable. All sorts of oscillations and relaxations appear, as well as broadband noise due to amplitude limiting in the amplifier. So what can be done about it? 
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Modelling the unwanted coupling.
•

 
An adaptive filter is used to model the coupling.

•
 

The parasitic feedback is eliminated by subtraction.

G

Filter

Delay

Path Transfer
Function

Presenter
Presentation Notes
We can use a filter. Because the parasitic path can be described mathematically using a transfer function, we can model it with an adaptive digital filter. The input to this filter is taken from the transmit antenna feed, and at its output we want to obtain a signal that is identical to the parasitic feedback received by the Yagi antenna. Then we subtract this modelled signal from the signal received by the Yagi. All that is left after the subtraction should be the weak wanted signal. So how do we know what the filter should do?
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Modelling the unwanted coupling.
•

 

A Least-Mean-Square estimator is used.
•

 

The wanted received and retransmitted signals must be largely 
uncorrelated for correct operation. The delay block helps to 
ensure this is the case.

•

 

The estimator finds correlation between the recovered and the 
transmitted signal and forces it to zero.

G

Filter

Delay

LMS 
Estimator

Presenter
Presentation Notes
We use a Least-Mean-Square algorithm to estimate filter coefficients. It uses the reference signal taken from the transmit antenna feed, and the recovered signal obtained from the subtractor.
    For correct operation the original wanted received signal must be uncorrelated with the retransmitted signal. In order to make sure that this is the case we have introduced a delay block. In fact this is all we need to do to decorrelate the output from the input. This is because the DAB signal is noise-like and has an autocorrelation function in the shape of a narrow sin(x) over x function.
    The estimator finds the correlation between the recovered signal after the subtractor, and the retransmitted signal. Then it adjusts the filter coefficients to minimise this correlation. 
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Combining with an existing transmission
•

 
Taking a combined reference renders the system 
immune to co-channel interference from adjacent 
transmitters.

•
 

The reference may contain uncorrelated components 
without affecting system operation.

G

Filter

Delay

LMS 
Estimator

Adjacent 
Channel 

Transmitter

Presenter
Presentation Notes
In practice the repeater will often need to be installed in an existing transmitter station, where adjacent channel or channels are already present. We can combine the repeater output with the adjacent channel and send it through the same feed to a common antenna, The reference signal is also taken from the common feed and contains everything: our own output, the interference from adjacent channels, intermodulation products from our own power amplifier, and so on.
    But because all those signals are uncorrelated with the wanted received signal, they will all be removed y the subtractor. In fact, using the common antenna is the preferred solution because it allows the elimination of in-band interference from adjacent channels. I will mention this architecture later.
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Adaptive filter -
 

single static path.
•

 
A single path results in only one non-zero coefficient 
or a sin(x)/x function.

G

Filter

Delay

LMS 
Estimator

Filter Coefficients

Presenter
Presentation Notes
So let us see how the filter models the path between antennas.
    A single path results in filter coefficients forming a sin(x)/x function, but if we sample it in the right places there will only be a single non-zero coefficient. 
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Adaptive filter in multipath environment.
•

 
The filter follows any changes in the channel such as 
Doppler.

•
 

There is a compromise between Doppler performance 
and signal-to-noise ratio.

G

Filter

Delay

LMS 
Estimator

Filter Coefficients

Presenter
Presentation Notes
If another path appears, for example due to a reflection off a nearby object, another coefficient will appear. The coefficients are in fact complex numbers so let's show them in three dimensions.
    What we see here is a static channel where nothing changes. Let us see now what happens in a dynamic channel, where the object causing the reflection moves.
    You can see how the filter adapts its coefficients and follows the dynamic changes in the channel due to Doppler shift. The fact that the coefficients are complex means that they can handle arbitrary phase shifts.
    However, there is a compromise between Doppler performance and the signal-to-noise ratio. The faster the filter, the noisier the estimated filter coefficients and, obviously, the noisier the recovered signal.
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Performance

•
 

Cancellation (effective increase of isolation):
50dB

•
 

Output Level:…………………………………..
 

0 dBm
•

 
Doppler performance (in Band III):………….

 
10 Hz max

•
 

Delay:...………………………………………...
 

20 μs max
•

 
Dynamic range:………………………………..

 
90 dB

•
 

Linearity:  IP3 in-band:….…………...………+
 

15 dBm
adjacent channel equivalent IP3:+

 
28 dBm

•
 

Adjacent channel rejection:...………………
 

> 60 dB
•

 
Stability management:…………... AGC and microprocessor

30dB

20dB

50dB

Residual

Received

Unwanted 
Feedback

f

P

Presenter
Presentation Notes
The most important measure of performance of the system is its ability to cancel the unwanted feedback. This quantity can also be understood as the effective improvement in antenna isolation.
   In our case it is 50dB. So, for example, we can attenuate the unwanted feedback by 50dB in order to recover the wanted received which is 30dB weaker.
   Output level is 0dBm.
   There are also other parameters such as the ability to tolerate Doppler, up to 10Hz, in our case.
    The delay is only 20us. Given that the guard interval in DAB mode I is 246us, this should not be a problem at all.
    The dynamic range is 90dB.
    The system has very good linearity to cope with huge parasitic feedback both in-band and on adjacent channels.
    Adjacent channel rejection is better than 60dB.
    Stability management is provided by Automatic Gain Control and an embedded microcontroller.
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A practical example

Typical operating conditions:

•
 

Antenna isolation
 

(A)………………………….
 

65 dB
•

 
Received signal strength (PRX

 

)…………..... –
 

45 dBm
•

 
Required carrier-to-noise (C/N)

 
……………..

 
20 dB

Maximum system gain:
G = A –

 
C/N + 50dB = 95 dB

Output power:
PTX

 

= PRX

 

+ G = 50 dBm (or 100W)

Presenter
Presentation Notes
Given all that data, let us consider a practical example. Let's assume some typical operating conditions with antenna isolation of 65dB. 65dB is rather poor - we have seen figures between 70 and 80dB. Received signal strength is -45dBm and the required carrier to noise is 20dB.
    The maximum system gain can now be calculated as follows: Isolation minus the carrier to noise ratio plus the magic 50dB that the repeater gives us. The result is quite respectable.
    In terms of output power, we can achieve up to 100W of power. 
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Why hasn’t it been done it before?
•

 
Computational complexity of 3 billion multiplications 
per second.

•
 

14-bit analogue-to-digital converters operating at 
80MHz to achieve 93dB of dynamic range.

Presenter
Presentation Notes
So why haven't we done it before? The answer is that the computational complexity is quite considerable. Our prototype performs some 3 billon multiplications per second. Suitable FPGA devices that allow a commercially viable implementation have appeared only recently, around 2002. This is also the case with the 14 bit analogue to digital converters. Running them at 80MHz we have managed to achieve a 93dB dynamic range, a figure very difficult to obtain only a few years ago. With new 16 bit devices out this year even better performance could achieved.
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Applications

Compatibility:
•

 
Any noise-like signal, especially OFDM.

•
 

Guard interval not essential, but helps prevent inter-
 symbol interference.

Specific applications:
•

 
Alternative to (or reserve for) satellite, cable or 
microwave signal distribution to transmitters.

•
 

Coverage extension and SFN repair.
•

 
Self-help schemes –

 
very low power fillers.

•
 

Mid-points in point-to-point links.

Presenter
Presentation Notes
Now we will look at some applications, but first we must consider the compatibility of the modulation scheme. Any noise-like signal, such as OFDM will be fine. Because the device introduces some delay it is good to have a guard interval in order to avoid inter-symbol interference.
    Specific applications include the use of the repeater as an alternative to cable, microwave and satellite signal distribution. For example we reckon it might be cheaper than a satellite installation.
    The system can be used for coverage extension, that is, to deliver a signal to a remote or difficult to reach area. It can also be used to repair the Single Frequency Network when a local adjacent channel transmitter blocks an otherwise receivable signal. We will show this case in more detail on the next slide.
    There might also be use for self-help schemes, that is, very low power fillers, typically covering a single village or settlement.
    And obviously there are also non-broadcast applications, such as point-to-point links.
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Field tests –
 

hole-filling
•

 

Problem:

 

Very strong adjacent channel
•

 

Site:         Mapperley Ridge, Nottingham, UK
•

 

Output power:           5W ERP
•

 

Power boost:           20dB field strength
•

 

Frequency:

 

DAB channel 12B (225.648 MHz)

43dB

12B

12C23dB

Presenter
Presentation Notes
We have done some field tests. One was in Nottingham where the problem was a very strong local transmission on adjacent channel, 43dB above the BBC national signal. In order to repair the hole in the SFN we needed an output power of 5W ERP. Because of co-channel interference from the adjacent channel signal we decided to use the common antenna architecture shown on one of the previous slides. The diagram in the bottom right corner shows the situation before the deployment of the repeater. Let's observe what happened after it was switched on.
    We managed to repair the hole and restore reception, albeit only for one night when the test was being carried out. 
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Future work

•
 

DVB-T repeater.
•

 
Amplifier pre-correction.

•
 

Further improvements of algorithms.
•

 
Cost reduction.

•
 

Industrial collaboration.

Presenter
Presentation Notes
And now the future work.
    We are actively working on the DVB-T version and it should be ready shortly.
    One can add an amplifier precorrector into the device in order to relax the requirements for a potentially expensive and large output filter.
    Further work on algorithms can be conducted. Instead of the simple LMS algorithm, one might try something like Fast Recursive Least Squares.
    Some cost reduction can be performed, as our prototype might be considered over-engineered.
    And finally there is always the possibility of industrial collaboration. 
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Kingswood Warren –
 

BBC R&D

adam.wiewiorka@rd.bbc.co.uk
peter.moss@rd.bbc.co.uk

Presenter
Presentation Notes
This concludes my presentation. I would like to invite you to our stand in the EBU village to see some real hardware. Thank you. 
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