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Method and apparatus for sampling RF signals

FIELD OF THE INVENTION
The present invention relates to a wireless communication system, and more
particularly, to a method and apparatus for sampling RF signals in a wireless communication

system.

BACKGROUND OF THE INVENTION

With the rapid development of wireless communication systems, wireless
communication apparatuses become more and more complicated and miniaturized. Digital
signal processing techniques have inherent advantages in a complex mathematical operation,
such as flexible mathematical transformation, strong computing capability, ease for
implementation and the like. On the other hand, many functions can be integrated in an
integrated chip by using digital signal processing techniques, so as to reduce size of
apparatuses. Thus, the trend for wireless communication systems is to implement more
functions by using digital signal processing techniques instead of analog signal processing
techniques.

RF sampling is an important research subject in various schemes in which
digital signal processing techniques are used in RF domain. In traditional Heterodyne
receivers, zero IF receivers and low IF receivers, sampling and quantization are generally
completed in baseband or low IF band, and thus many functions must be completed in analog
domain . On the contrary, RF sampling is sampling RF signals before down conversion, such
that a continuous-amplitude and continuous-time RF signal is transformed into a continuous-
amplitude and discrete-time signal. RF sampling has several advantages. First, more
functions can be implemented by using digital signal processing techniques; Second, more
functions can be integrated in an integrated chip so as to employ more and more advanced
integrated chip processing techniques; Third, the functions completed after RF sampling and
prior to a digital signal process unit, such as down-converting, subsampling, filtering, analog-
digital converting and the like, can be implemented by using discrete-time signal processing
techniques. In general, processing discrete-time signal is much easier than processing

continuous-time signal.
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Texas Instruments proposes a receiver architecture with RF sampling on the
proceeding of IEEE Solid State Circuit, 2004. To facilitate description, Fig. 1 is a simplified
diagram showing this receiver architecture. In a receiver 100, a RF signal S110 is transferred
to a RF bandpass filter (BPF) 120 to generate a bandpass-filtered RF signal. The bandpass-
filtered RF signal S122 is amplified by a LNA (Low Noise Amplifier) to improve signal to
noise ratio. The bandpass-filtered RF signal S122 is sampled by a sampling unit 150 and
transformed into a discrete analog signal S152. Thereafter, a discrete filter 160 and an
analog-digital converter 170 transform the discrete analog signal into a digital signal S172 for
being processed by a subsequent digital receiving link unit 180.

In Fig. 1, the sampling is completed in RF band. However, such a method has
a drawback, 1.e., the sampling rate is too high. For example, the sampling rate is about 2400
MHz for Bluetooth and WLAN device. In general, the higher the sampling rate, the higher
the power dissipation, and the more complicated the design of a sampling unit. Therefore, it
is necessary to solve the problem that the sampling rate is too high.

A way of solving this problem is to employ a high-performance RF bandpass
filter BPF whose bandwidth is approximate to the band of a modulated signal. However, this
RF bandpass filter BPF is generally bulky and costly, and it is also difficult to achieve a BPF
with a narrow bandwidth. Thus, it is difficult to use such a BPF in mobile equipment,
particularly in a hand-held device. In a practical system, it is difficult to form a BPF whose
bandwidth is very narrow and accurate by connecting a plurality of wide-bandwidth BPF in
series due to the limitation of performance, size, and power dissipation.

Therefore, it is necessary to solve the problem that RF sampling rate is too

high in a simple and easy way.

SUMMARY OF THE INVENTION

An object of the invention is to provide a method and apparatus for sampling
RF signals in a receiver, particularly to provide a method and apparatus for greatly decrease
the sampling rate at which the sampling is performed in RF band.

According to the object mentioned above, in one embodiment of the invention,
there is provided a device for sampling a RF signal comprising a plurality of interference
frequency components and a useful frequency component, the device comprises:

- a filtering unit for filtering out at least one predefined interference frequency

component from the RF signal to generate a notch-filtered RF signal;
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- a sampling unit for sampling the notch-filtered RF signal at a predefined
sampling rate to generate a discrete analog signal.

The difference value of a center frequency of the filtered-out predefined
interference frequency component and an intermediate frequency is a multiple of the
sampling rate, wherein the intermediate frequency is a zero frequency or a predefined low IF,
the predefined low IF being much lower than the center frequency of the useful frequency
component. The sampling unit can be implemented by a plurality of notch filters.

According to the object mentioned above, in one embodiment of the invention,
there is provided a method for sampling a RF signal comprising a plurality of interference
frequency components and a useful frequency component, the method comprises the steps of:
(a) filtering out at least one predefined interference frequency component from the
RF signal to generate a notch-filtered RF signal;

(b) sampling the notch-filtered RF signal at a predefined sampling rate to generate
a discrete analog signal.

The method according the invention can avoid the aliasing of some of
interference frequency components into the useful frequency component in the subsequent
sampling process by filtering out interference frequency components before sampling,. The
center frequencies of these filtered-out interference frequency components are equal to the
sum of a multiple of the sampling rate and the intermediate frequency. For other frequency
components whose center frequencies are not equal to the sum of a multiple of the sampling
rate and the intermediate frequency, they do not need to be filtered out because there is no
aliasing into the useful frequency component due to them. Thus, the number of sampling
units required for this method is limited. Moreover, the number of the required filtering units
can be further decreased by combining with RF bandpass filter BPF preceding the filtering
unit by which the RF signal is first bandpass filtered to suppress out-of-band interferences of
the RF band at which the useful frequency component.

Since it is easy to implement a plurality of RF notch filters and the number of
the required RF filter is limited, RF sampling can be simply and conveniently implemented
by using the method and apparatus according the invention, and the sampling rate can be
decreased to about 1/N of the carrier frequency of the useful frequency component, which is
much lower than the sampling rate in existing RF sampling scheme. The method and
apparatus according the invention can greatly decrease power dissipation at the time of

sampling.
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Other objects and effects of the present invention will become more apparent
from the following description and the appended claims when taken in conjunction with the
accompanying drawings as well as more comprehensive understanding of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing a receiver with existed RF sampling
scheme;

Fig. 2 depicts a schematic diagram showing a receiver with the RF sampling
method according to one embodiment of the present invention;

Fig. 3 depicts a block diagram of the first embodiment of the present
invention;

Fig. 4 depicts the spectrum of a RF signal comprising a plurality of
interference frequency components and one useful frequency component;

Fig. 5 depicts the spectrum of a RF bandpass signal formed by filtering the RF
signal showed in Fig. 4 with BPF;

Fig. 6A depicts the spectrum of a notch-filtered RF signal in zero IF receiver;

Fig. 6B depicts the spectrum of a notch-filtered RF signal in low IF receiver;

Fig. 7A depicts the spectrum of a discrete analog signal formed by sampling
the notch-filtered RF signal shown in Fig. 6A;

Fig. 7B depicts the spectrum of I component of the discrete analog signal
shown in Fig. 7A;

Fig. 7C depicts the spectrum of Q component of the discrete analog signal
shown in Fig. 7A;

Fig. 7D depicts the spectrum of a discrete analog signal formed by sampling
the notch-filtered RF signal shown in Fig. 6B;

Fig. 7E depicts the spectrum of I component of the discrete analog signal
shown in Fig. 7D;

Fig. 7F depicts the spectrum of Q component of the discrete analog signal
shown in Fig. 7D;

Fig. 8 depicts a block diagram of a receiver according to a second embodiment
of the present invention;

Fig. 9 depicts a block diagram of a receiver according to a third embodiment

of the present invention.
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The same and similar reference number refers to the same and similar feature

and function in all the drawings.

DETAIL DESCRIPTION OF THE INVENTION

The technical method of the present invention will be described below in
detail from the following embodiments, taken in conjunction with the accompanying
drawings.

Fig. 2 is a schematic diagram showing a receiver with the RF sampling
method according to one embodiment of the present invention. The receiver bandpass filters
a RF signal S210 with a BPF 120 to obtain a bandpass-filtered signal S222 which is
amplified by a LNA 130 and then transferred to a filtering unit 240 for filtering out at least
one predefined interference frequency component from the RF signal S210; the output signal
S242 from the filtering unit 240 is a notch-filtered RF signal, and, after being sampled by a
sampling unit 250, it is transformed into a discrete analog signal S252; after being processed
by a discrete filter 160 and an analog-to-digital converter 170, S252 is transformed into a
digital signal S272; S272 is subsequently processed by a digital signal processing unit 280.
The sampling rate of the sampling unit 250 can be much lower than that of the existing RF
sampling scheme by incorporating the filtering unit 240.

In a practical system, it is difficult to completely filter out a frequency
component having a certain bandwidth, thus filtering an interference frequency component
by the proposed filtering unit in the present invention should be considered as filtering or
suppressing the interference frequency component such that it will not affect or has
nonsignificant effect on the subsequent sampling process.

Fig. 3 depicts a first embodiment, in which a quadrature sampling is used in
the sampling unit 250. The first embodiment shown in Fig. 3 will be described below in
detail taken in conjunction with Figs. 4-7F.

As shown in Fig. 3, in a receiver 200, a RF signal S210 is first received from a
signal source such as antenna (not shown), which comprises a plurality of interference
frequency components and a useful frequency component, i.e., a modulated useful signal.
Fig. 4 depicts the spectrum of the RF signal. In practice, interference is distributed over the
entire band at which the RF signal is located. For convenience of illustration, the interference
is divided into a plurality of interference frequency components each of which has a certain
bandwidth and which may overlap with each other or not, and the certain bandwidth is or

isn’t equal to that of the useful frequency component depending on specific system design.
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The useful frequency component is modulated to the frequency band with the center
frequency of f. 214 by the carrier frequency f. 214, and the interference frequency
components 216 are distributed over the entire band.

The RF signal S210 is bandpass filtered by the BPF 120 and transformed into
a bandpass-filtered RF signal S222 whose spectrum is depicts in Fig. 5. Since the selection of
BPF is not specially limited by the present invention, traditional BPF is still suitable for the
receiver using the method and apparatus according to the embodiment of the invention. As
show in Fig. 5, the bandpass-filtered RF signal S222 still has a wide bandwidth and a lot of
interference frequency components. Some interference frequency components far away from
the useful frequency component S212 are greatly suppressed due to bandpass characteristics
of the BPF 120, and thus it is not necessary to take them into consideration in subsequent
processes.

The bandpass-filtered RF signal S222 is amplified by the LNA 130 and then
transferred to the filtering unit 240. The filtering unit 240 may be implemented by a plurality
of notch filters. It is to be understood by those skill in the art that other circuits or units
suitable for filtering or suppressing a RF signal with a relative narrow bandwidth may be
applied to the invention and within the scope thereof. The filtering unit 240 may be also
adaptively adjusted to filter out different frequency components based on system
requirements.

The RF signal inputted to the filtering unit 240 comprises the useful frequency
component S212 and at least one interference frequency component 232 which is located at a
predefined band, as well as interference frequency components distributed over other bands.

Wherein, the relationship between the center frequency f, of the useful frequency component
and the sampling rate f, 234 is determined by the equation f, = N * f_+IF , where N is an
integer, IF (Intermediate Frequency) 236 is a predefined intermediate frequency. The
selection of N affects the magnitude of the sampling f 234. Since f, is determined by the
system and in general not adjustable, the bigger N the lower the sampling rate f 234.

As shown in Figs. 6A and 6B, the filtering unit 240 filters out some special
interference frequency components 232, their center frequencies equal the sum of multiples
of the sampling rate 234 and the intermediate frequency IF236, i.e., fg,,.. =n* f, +1IF,

where n is an integer which is not equal N. The useful frequency component S232 whose

center frequency is =f. =N*f +IF isnot filtered out.

wanted
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The value of IF236 depends on the design of the receiver. For zero IF
receivers, IF236=0. As shown in Fig. 6A, the interference frequency components 232 whose
center frequency equal multiples of the sampling rate 234 are filtered out. In the example of
Fig. 6A, the center frequency component of the useful frequency component S212

is f, =3* f_, and two interference frequency components 232 in the bandpass-filtered RF
signal S222 whose center frequencies are 2* f and4* f respectively have been filtered out.

The bandwidth of those filtered-out interference frequency components depends on the
system requirements. Those interference frequency components 238 in the bandpass-filtered
RF signal S222 whose center frequencies are not equal to multiples of the sampling rate 234,

Le., 2% f or 4* f_, are not filtered out. Based on the sampling principle, those

unfiltered
interference frequency components 238 which are not filtered out will not be aliased into the
useful frequency component S212.

If some out-of-band interferences supposed to be filtered out are still strong
enough to affect the useful frequency component S212 due to the poor performance of the
BPF 120, it is suggested to filter additional frequency components in these out-of-band
interferences. In a practical system, those interference frequency components 238 which do
not belong to the bandpass-filtered RF signal S222 can be filtered out by increasing filtering
frequency points of the filtering unit 240 such as the notch filters. In Fig. 6A, the interference

frequency components 238 whose center frequencies are f, and5* f_have been filtered out. If

an out-of-band interference is not strong enough to affect the useful frequency component
S212 due to the good performance of the BPF 120, it is not necessary to increase additional
notch filters.

For the low IF receiver, IF236 is a low frequency with respect to f, and even
approximates the baseband. As shown in Fig. 6B, the interference frequency components 232
whose center frequencies are equal to the sum of a multiple of the sampling rate 234 and IF
236 are filtered out. For example, two interference frequency components 232 whose center

frequencies are 2* f_+IF and4* f_+IF respectively have been filtered out. Those

interference frequency components 238 whose center frequencies are not equal

to2* f +1IF ord4* f_+ IF are not filtered out.

The filtering unit 240 transforms the bandpass-filtered RF signal S222 into a
notch-filtered RF signal 242.
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The receiver shown in Fig. 3 employs quadrature sampling, and thus a filtering
unit 250 first separates the notch-filtered RF signal S242 into two paths, i.e., [ component and
Q component, which are sampled respectively by corresponding sampling clocks CLK1 and

CLK2 having the same rate but with a phase shift of 900, the used rate is the sampling

rate fs .

From the above description, it can be seen that the RF sampling rate is

decreased from Js=Jc or J.—IF of the existing RF sampling scheme to
1 1

fi=="%f. or —=*(f.—1IF)
N N by using the method and apparatus according the invention.

The bigger N, the lower the sampling rate /s .

Since only specific interference frequency components need to be filtered out,
the number of the required notch filters is limited such that it is practical to implement RF
filtering by increasing notch filters without remarkably increase size and complexity of
apparatuses. For example, as shown in Fig. 6B, only two notch filters are needed.

A notch-filtered continuous-amplitude and continuous-time RF signal S242 is
transformed into a continuous-amplitude and discrete-time discrete analog signal S252 by the
sampling process.

Corresponding to the notch-filtered RF signal S242 shown in Fig. 6A, Fig. 7A

shows the spectrum / + jQ of the corresponding discrete analog signal S252. In a practical
system, the real component of 7 + jQ, i.e. I component, is processed in I path; the imaginary
component of I + jQ , i.e. Q component, is processed in Q path. To facilitate understanding,

I component and Q component are shown in Fig. 7B and 7C respectively.
Corresponding to the notch-filtered RF signal S242 shown in Fig. 6B, Fig. 7D

shows the spectrum /7 + jQ of the corresponding discrete analog signal S252. Similarly, its I

component and Q component are shown in Figs. 7E and 7F respectively.

A subsequent discrete filter 160 compresses out-of-band interferences of the
discrete analog signal S252 to improve signal to noise ratio. An analog-to-digital converter
ADC 170 transforms the output signal of the discrete analog signal S252 into a discrete-
amplitude and discrete-time digital signal S272. The digital signal S272 is processed by a
subsequent digital signal processing unit 280.

As compared with the existing RF sampling scheme, the method and apparatus

according to the invention greatly decreases the sampling rate from Js=Jc or J.—IF to
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f=~* . or (.~ IF)

N N , and thus the power dissipation can be greatly reduced.
Since the way of implementing the RF notch filter is simple and the notch filter is small and
inexpensive, the RF sampling can be simply and inexpensively achieved by using the method
and apparatus according to the invention.

Fig. 8 depicts the diagram of a receiver according to a second embodiment of
the present invention, which is different from the first embodiment in that a sampling unit
350 separates the notch-filtered RF signal S242 into two paths and performs phase shift on
one of them, thus sampling on signals in the two paths can be simultaneously implemented
only with a single sampling signal CLK without using two sampling signals CLK; and CLK;
with a phase shift of 90°.

As shown in Fig. 9, the method and apparatus according to the invention is not
only applied to the quadrature sampling, but also suitable for the sampling of a signal in a

single path, and the employed filtering unit 240 can be same as that used in the quadrature

sampling in principle and construction. The difference is in that the sampling rate f, used for

a sampling unit 450 is relatively high and has a small selectivity range. However, the power
dissipation can be greatly saved, as compared with the existing scheme applied to RF
sampling of a signal in a single path.

In the above description, the invention provides a method and apparatus for
RF sampling, particularly for greatly decreasing RF sampling rate. Since some interference
frequency components have been filtered out before sampling a RF signal, it can be sampled

at the sampling rate f, = %* f, or %* (f, —IF') much lower than that of the existing

scheme in the subsequent sampling process without any loss of information, and the power
dissipation can be greatly reduced.

It is to be understood by those skill in the art that the invention provides a
method and apparatus for RF sampling, particularly for greatly decreasing RF sampling rate,
and various modifications can be devised without departing from the spirit of the invention.

Thus, the scope of the invention should be determined by the appended claims.
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CLAIMS:

1. A device for sampling a RF signal comprising a plurality of interference
frequency components and a useful frequency component, comprising:

- a filtering unit for filtering out at least one predefined interference frequency
component from the RF signal to generate a notch-filtered RF signal;

- a sampling unit for sampling the notch-filtered RF signal at a predefined

sampling rate to generate a discrete analog signal.

2. The device of claim 1, wherein the difference value of a center frequency of
the predefined interference frequency component and a predefined intermediate frequency is

a multiple of the sampling rate.

3. The device of claim 2, wherein the intermediate frequency is one of a zero
frequency and a predefined low IF, wherein the predefined low IF being much lower than the

center frequency of the useful frequency component.

4, The device of claim 1, wherein the filtering unit comprises at least one notch

filter for filtering out the one predefined interference frequency component.

5. The device of claim 1, further comprising:

- a bandpass filter for bandpass filtering the RF signal to generate a bandpass-
filtered RF signal comprising the useful frequency component and the at least one predefined
interference frequency components; and

- a low noise amplifier for amplifying the bandpass-filtered RF signal to
generate an amplified bandpass-filtered RF signal and transferring the amplified bandpass-

filtered RF to the filtering unit.

6. The device of claim 1, further comprising:
- a discrete filter for suppressing out-of-band interferences of the discrete analog

signal to generate a filtered discrete analog signal;
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- an analog-to-digital converter for transforming the filtered discrete analog

signal into a digital signal.

7. A receiver for used in a wireless communication network, comprising:
- a RF sampling unit for sampling a RF signal comprising a plurality of
interference frequency components and a useful frequency component, wherein the RF
sampling unit further comprising:

- a filtering unit for filtering out at least one predefined interference frequency
component from the RF signal to generate a notch-filtered RF signal;

- a sampling unit for sampling the notch-filtered RF signal at a predefined
sampling rate to generate a discrete analog signal,

- a discrete filter for suppressing out-of-band interferences of the discrete
analog signal to generate a filtered discrete analog signal;

- an analog-to-digital converter for transforming the filtered discrete analog
signal into a digital signal;

- a digital signal processing unit for processing the digital signal.

8. The receiver of claim 7, wherein the difference value of a center frequency of
the predefined interference frequency component and a predefined intermediate frequency is

a multiple of the sampling rate.

9. The receiver of claim 8, wherein the intermediate frequency is one of a zero
frequency and a predefined low IF, wherein the predefined low IF being much lower than the

center frequency of the useful frequency component.

10. A method for sampling a RF signal comprising a plurality of interference
frequency components and a useful frequency component, comprising the steps of:

a) filtering out at least one predefined interference frequency component from the
RF signal to generate a notch-filtered RF signal;

b) sampling the notch-filtered RF signal at a predefined sampling rate to generate

a discrete analog signal.
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1. The method of claim 10, wherein the difference value of a center frequency of
the predefined interference frequency component and a predefined intermediate frequency is

a multiple of the sampling rate.

12. The method of claim 11, wherein the intermediate frequency is one of a zero
frequency and a predefined low IF, wherein the predefined low IF being much lower than the

center frequency of the useful frequency component.

13. The method of claim 10, wherein in the step a) using at least one notch filter to

filter out the one predefined interference frequency component.

14. The method of claim 10, further comprising:
) performing bandpass filtering on the RF signal to suppress out-of-band

interferences of the useful frequency component to generate a bandpass-filtered RF signal;

d) amplifying the bandpass-filtered RF signal to be used for filtering process of
the step a).

15. The method of claim 10, further comprising:

) filtering the discrete analog signal to generate a filtered discrete analog signal;
d) performing analog and digital converting on the filtered discrete analog signal

to generate a digital signal.
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