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FIGURE 1

(57) Abstract: A receiver stage for receiving a receive signal comprises M receiving paths, each receiving path comprises a signal
processor and K comparators. The signal processors of the M receiving paths are configured to generate, for each of the M receiving
paths, an amplified version of the receive signal, such that an amplification gain of the respective receiving path increases from a
first of the M receiving paths to a last of the M receiving paths. For each of the M receiving paths the K comparators of the respect -
ive receiving paths are configured to compare the amplified receive signal of the respective receiving path with a respective
threshold value. For each of the M receiving paths the threshold value increases from a first of the K comparators to the last of the K
comparators.
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Receiving Stage and Method for Receiving

Description

Embodiments of the present invention refer to a receiving stage for receiving a receive

signal and to a method for receiving a receive signal.

A receiving stage is typically included by a receiver, e.g. a communication receiver or
radio receiver. All types of radio receivers have the purpose of converting the information
carried by the radio waves to a useable form, e.g. an audio signal or a (digital) data signal.
Such wireless receivers are typically coupled to an antenna for receiving the

electromagnetic wave or the RF signal (radio frequency signal).

The receiver typically comprises a receiving stage and a mixing stage arranged between
the receiving stage and the antenna. The mixer stage has the purpose of performing a
downmixing of the RF signal and to output an IF signal (intermediate frequency signal) to
the receiving stage. The receiving stage may comprise an amplifier for increasing the IF
signal amplitude and a demodulator for recovering the desired information, for example a

bit sequence, based on the IF signal.

Typically the amplifier is adjustable in order to provide different amplification gains so
that a weak signal, sent by a transmitter having a long distance, is more strongly amplified
when compared to a strong signal, sent by a transmitter having a small distance. A state of
the art approach for adjusting the amplification gain is to provide a so called automatic
gain control (AGC) which is configured to adapt the gain of the amplifier as long as the
signal output by the amplifier is out of a predetermined signal strength. However, the
adjustment of the amplification gain by using the automatic gain control takes time.
Therefore, it cannot be guaranteed that a short signal sequence (short data telegram) may
be received especially in case of signal strength changes (strong to weak or vice versa). In
other words, a short data telegram could be missed. Thus, a repeated transmission of the

telegram is required. Thus, there is the need for an improved approach.

The objective of the present invention is to provide a concept for a receiving stage having

an improved receipt behavior.

The object is accomplished by the subject matter of the independent claims.
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An embodiment of the present invention provides a receiving stage for receiving a receive
signal, e.g. an IF signal. The receiving stage comprises M receiving paths, wherein each
receiving path comprises a signal processor and K comparators. The signal processors of
the M receiving paths are configured to generate, for each of the M receiving paths, an
amplified version of the receive signal such that an amplification gain of the respective
receiving path increases from a first of the M receiving paths to a last of the M receiving
paths. For each of the M receiving paths the K comparators of the respective receiving
paths are configured to compare the amplified receive signal of the respective receiving
path with a respective threshold value. For each of the M receiving paths the threshold

value increases from a first of the K comparators to a last of the K comparators.

Teachings of the present invention are based on recognizing that the adjustment of the
amplification gain may become needless when the evaluation of the receive signal is
performed in parallel receiving paths, wherein in each receiving path a version of the same
signal amplified according different amplification gains (e.g. by different amplifiers having
different gain) is evaluated. Consequently a receive signal having a weak signal strength is
processed in a receiving path having a high amplification gain, wherein a receive signal
having a strong signal strength is processed in a further receiving path having a low
amplification gain. Thus, receive signals having different signal strengths may be received
without any delay caused by the gain control in a manner enabling immediate processing.
The processing of the receive signal may include evaluating the amplified receive signal,
so each receiving path comprises besides the signal processor (e.g. amplifier), K
comparators which are configured to compare the receive signal with respective (different)
threshold values in order to output a bit sequence. The use of a plurality of M (parallel)
receiving paths with distinct discrete nonadjustable gain stages, and K comparator paths

each using a different threshold value, leads to a wider input dynamic range.

In case of applying the described principal to an ASK receiver, the receiving stage may
have a high input dynamic range and a quick response to dynamic changes of the desired
signal, wherein the risk of missing telegrams is reduced due to the time advantages. In the
case of OOK modulation of the receive signal, the higher input dynamic range improves
the immunity against interference, while keeping the time advantage compared to state of
the art AGCs.

To sum up, a receiving stage having a high input dynamic range is formed due to the
combination of the plurality of receiving paths (M receiving paths) and the plurality of

comparators, wherein the dynamic range depends on the number of receiving paths (M)
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and on the number of comparators (K) and thus on the product M x K. Therefore, the

receiving stage may be described by an M x K matrix (e.g. a 4 x 3 matrix).

This M x K matrix may have two different variations. According to a first embodiment the
receiving paths are received in parallel. Here, the different amplification gains for the K
receiving paths are generated by using different amplifiers having different gains so that in

each of the M paths a different amplification gain 1s used.

According to a further embodiment, the amplifiers of the M signal processors comprising
the amplifiers may be arranged in series, wherein the M comparator arrangements
comprising the K comparators may be arranged in parallel. Thus, the amplification gain is
graded from signal processor to signal processor due to the fact that a receive signal may
be amplified several times, with the exception of the receive signal amplified for the first
receiving path. According to another embodiment, the respective gains of the respective

amplifiers may be equal.

According to a further embodiment, each signal processor may comprise an amplifier and a
demodulator arranged between the amplifier and the comparator arrangement. The
demodulator may be configured to demodulate the IF signal, for example based on a power

detection or an envelope detection.

According to a further embodiment, each of the K comparators may be coupled to a
correlator configured to detect a bit sequence forwarded by the respective comparator.
According to further embodiments the plurality of M x K comparators or correlators may
be coupled to a digital selector configured to select or process (e.g. by means of
combinational logic) one or multiples of the M x K channels via which the bit sequence is

received.

Embodiments of the present invention will be discussed referring to the enclosed drawings,

wherein:

Fig. 1 shows a schematic block diagram of a receiving stage according to an
embodiment;

Fig. 2a shows a block diagram of a receiving stage according to a further

embodiment, wherein the M receiving paths are arranged in parallel;
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Fig. 2b shows a schematic block diagram of a receiving stage according to a further

embodiment, wherein the M receiving paths are partially arranged in series;

Fig. 3a shows an exemplary scenario for receiving a receive signal in order to

illustrate the improvements achieved by the present invention; and

Fig. 3b shows two diagrams for illustrating the improvements of the present

invention.

Different embodiments of the present invention will subsequently be discussed referring to
Figs. 1 to 3. In advance, identical reference numbers are provided to objects having
identical or similar functions so that objects referred to by identical reference numbers
within the different embodiments are interchangeable and the description thereof is

mutually applicable.

Fig. 1 shows a receiving stage 10 comprising M receiving paths 12a, 12b and 12¢ (M
branches), wherein each receiving path comprises a signal processor 14a, 14b and 14c and
K comparators 16a, 16b, 16¢ and 16d (K subbranches). The M receiving paths 12a, 12b
and 12c are coupled to each other, for example via a common node 13, at the input side in

order to receive the same receive signal (IF signal), for example from a mixing stage.

This receive signal is processed or amplified by each of the signal processors 14a, 14b and
14c and output to the respective comparator arrangement 16 of the respective receiving
path 12a, 12b and 12¢, each comparator arrangement 16 comprising a plurality of
comparators 16a, 16b, 16¢ and 16d. The comparators 16a, 16b, 16¢ and 16d are configured
to compare the amplified receive signal of the respective receiving path 12a, 12b or 12¢
with a respective threshold value. The comparator arrangements 16 of the M receiving
paths 12a — 12c are typically equal, wherein the K comparators 16a, 16b, 16¢ and 16d
within a respective receiving path 12a, 12b or 12¢ differ from each other with regard to
their threshold values. The threshold values of the K comparators 16a, 16b, 16¢ and 16d
are selected such that the threshold value increases from a first of the K comparators 16a to

a last of the K comparators 16d.

Each comparator 16a, 16b, 16¢ and 16d is configured to output a binary signal, e.g. a “17,
if the amplified receive signal is above the respective threshold value, and a “0” if the
amplified receive signal is below the respective threshold value. Le. that the comparator is

configured to output a digital signal based on an analog signal on the condition that the
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amplified receive signal oscillates around the respective threshold value. In detail, this
means that the amplified receive signal has an off-level (lower value, e.g. -80 dBV) and an

on-level (higher value, e.g. -70 dBV).

While embodiments according to Fig. 1 may be applied to a ASK (amplitude shift key)
modulated receive signal, resulting in high input dynamic range without the time
requirements of an automatic gain control, the embodiments of Fig. 2a and 2b will benefit
the receivers interferer immunity if the desired receive signal is modulated with OOK

modulation, which is more thoroughly explained in the following.

As a desired receive signal and an interferer signal are not coherent in general, in the

following exemplary calculations, the signal levels are added as power levels, as shown by

the following table:
Desired signal level Interferer level Total effective level (effective IF
signal for data)
-70 dBV -70 dBV -67 dBV
-70 dBV -80 dBV -69,6 dBV
Table 1

From this it may be concluded that a conversion of the receive signal into a digital signal
may be able if the off-level and interferer level, respectively, is below one of the respective
threshold values of the K comparators 16a to 16d and if the effective IF signal is above a
respective threshold value of the respective comparator 16a to 16d, at times where the

desired receive signal comprises a logical high state.

As indicated by the reference numerals the signal processors 14a, 14b and 14c, which
typically comprise amplifiers, of the M receiving paths may differ from each other. In
general, the different amplifiers and signal processors 14a, 14b and 14c, respectively, are
configured to generate, for each of the M receiving paths 12a, 12b and 12c, an amplified
version of the receive signal such that an amplification gain of the respective receiving
path 12a, 12b or 12c increases from a first of the M receiving paths 12a to a last of the M

receiving paths 12c.

Due to the combination of the M receiving paths 12a to 12¢ and the K comparators 16a to
16d effective comparator thresholds (referred to as the IF level of the received receive

signal) are generated which increase from the first comparator 16a of the first receiving
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path 12a to the last comparator 16d of the last signal path 12c. Le. the receive signal may

be processed or evaluated by M x K comparators, using M x K (effective comparator)

thresholds, in parallel. This mode of operation of the receiving stage 10 formed by an M x

K matrix will be discussed below.

The discussion is made based on exemplary values for the amplification gain of the three

signal processors 14a, 14b and 14c and for the threshold values of the comparators 16a,

16b, 16¢ and 16d. The exemplary amplification gain of the three signal processors 14a, 14b
and l4c are 20 dB (14a), 30 dB (14b) and 40 dB (14c), wherein the exemplary threshold
values of the four comparators 16a, 16b, 16¢ and 16d are -21 dBV (16a), -24 dBV (16b), -
27 dBV (16¢) and -30 dBV (16d). The resulting exemplary values of effective comparator

thresholds are shown by the following table:

Comparator| 3.4 |33 |32 |31 |24 2322|2114 13|12 1l
M.K
IF input 270 | -67 | -64 | -61 | -60 | -57 | -54 | -51 | -50 | -47 | -44 | -41

level [dBV]

Table 2

Based on these effective comparator thresholds the conversion of an OOK modulated

receive signal into the binary signal may be performed as illustrated by the following table.
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data cw effective | simple Comparator outputs (1 for CW, D for
modulated | interferer IF signal ggﬁt data)
desired IF | signal[dBV]|[dBV] for | (s 60dBm)
signal[dBV] data =1

34laa]32ian 2423 22120 1413 L2 L
-40 -30 -29.6 1 BEERERE RN RN RERERER!
-40 -40) -37 I P jiirylgl
-40 -50 -39,6 1 111 i111i11171111DD|D
-50 -40 -39.6 1 Tyl
-50 -50 -47 1 Py 1317 11Djojo
-50 -60 -49.,6 1 11111111 /DIDIDD|{0]0]O
-60 -50 -49.6 1 111 j1p1j1(1411110(0]0
-60 -60 -57 1 1]1111111/{D|0J0{0]0]0]O0
-60 =70 -59.6 D 1/D|D|D{D|0]0]0]0]0]0}|0
-70 -60 -59.,6 1 11111}1111{010/0{0]0]0]0
-70 -70 -67 0 DID|{0]0]|0]0|0]0]0]0]|0}|O0
=70 -80 -69,6 0 D|0|0]|0}0]0|0]|0]0[0]O0]|O0
Table 3

The table 3 comprises for different receiving scenarios values for a data signal, for a
continuous wave interferer signal and the resulting effective IF signal. Furthermore, the
table comprises for each of the M x K comparators of the receiving stage 10 a respective
output value for each receiving scenario. Here “0” means that the effective IF signal in the
given scenario is below the effective comparator threshold at all (relevant) times, and
wherein “1” means that effective IF signal is above the respective comparator thresholds at
all (relevant) times. The case in which the continuous wave interferer signal is below the
respective effective comparator threshold and the resulting effective IF signal at times
where data = 1 is above the respective effective comparator threshold is marked by a “D”,
implying a data stream and that data receiving or outputting of a desired bit sequence is
possible. As can be seen from the table, some scenarios will lead to an unable receiving
(cf. line data signal -50 dBV, CW signal -40 dBV, effective IF signal -39.6 dBV, wherein
some scenarios will lead to a reception via one or even more comparators (cf. line data
signal -50 dBV, CW signal -60 dBV, effective IF signal -49.6 dBV). For comparative
purposes the table comprises a further column illustrating the comparator output of a
simple OOK (On-Off Keying) comparator according to the state of the art. As can be seen,
the receiver 10 extends the required signal to interferer ratio by allowing higher interferer
levels. The topology allows a continuous signal reception without delays from the
automatic gain control. Wireless receivers for a frequency bands with much radio traffic

benefit from the receiving stage 10 and get a higher interferer and blocking tolerance
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within the radio channel, i.e. smaller input signal-to-interferer ratio is possible. Moreover,

the probability of detecting the desired radio signal is increased.

Fig. 2a shows a further implementation of the receiving stage 10’ comprising the M
receiving paths 12a, 12b, 12¢, wherein the receiving paths 12a, 12b and 12¢ are arranged in
parallel to each other so that each of the signal processors 14a, 14b and 14c are directly
coupled to the common node 13. Each receiving path 12a, 12b and 12¢ comprises the
respective signal processor 14a, 14b and 14c¢ and the comparator arrangement 16, wherein
the comparator paths 16a, 16b, 16¢ and 16d are arranged in parallel and coupled to further

respective common nodes 15a, 15b and 15c.

Each of the signal processors 14a, 14b and 14c is formed by a combination of an amplifier
24a, 24b and 24¢ with a demodulator 26a, 26b and 26¢. In this embodiment the amplifiers
24a, 24b and 24c have different gains in order to provide different amplification gains at
the output of the signal processor 14a, 14b and 14c. Consequently, the receive signal is
amplified differently. The amplified receive signal may, for example, be an amplitude
modulated signal or another alternating signal which has to be demodulated before

provided to the comparator paths 16a, 16b, 16¢ and 16d.

The demodulation is performed by respective demodulators 26a, 26b and 26c. The
demodulators 26a, 26b and 26¢ may, for example, be formed by a peak detector, power
detector or an envelope detector. Alternatively, the demodulators 26a, 26b and 26¢ may
comprise another detector for demodulating an amplitude modulator signal or, in general,
detector which is configured to an output a demodulated signal, like a DC voltage, to the

comparator arrangements 16 based on an (alternating) receive signal.

All of the M x K comparators 16a, 16b, 16¢, 16d of the receiving paths 12a, 12b and 12¢
are coupled to a digital selector 20. The digital selector 20 may be formed by an OR-
operation unit. The digital selector 20 has the purpose of selecting or processing one or

more of M x K channels and to forward the information to the output of the selector.

As illustrated, each comparator 16a to 16d of the M receiving paths 12a, 12b or 12¢ may
optionally be coupled to the digital selector 20 via a correlator 22a, 22b, 22¢ and 22d
(correlator arrangement 22). The optional correlators 22a, 22b, 22¢ and 22d, e.g. an XNOR
and/or XOR based digital correlator, are configured to detect the bit sequence having a
predetermined pattern and the output pattern by the respective comparator 16a, 16b, 16¢ or
16d and to forward the bit sequence or to output a signal based on the bit sequence to the

digital selector 20. That is, each correlator 22a, 22b, 22¢ or 22d indicates certain code
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match due to the corresponding comparator data. For example, good correlation results can

be achieved for a sequence length of N = 31

If the modulated data is suitable correlating code and all of the correlators 22a, 22b, 22¢
and 22d of the receiving paths 12a, 12b and 12¢ scan the same code sequence, each
correlator 22a to 22d indicates a certain code match due to the corresponding comparator
data. The matching is shown by the following table, which is substantially equal to the

table 3 shown above.

dma:(?ulated i(f:i}z/rferer ?éf:?t;vaj g’ggf.()o“ Correlator outputs (M for code match) |output at
desired IF | signal[dBV] [dBVg'] for ﬁ;ﬂf‘” ”d’gltal“
signal[dBV] data = 1 selector

3413313203 lz2z42312212.0114]1.3 1.2 1.1'[eg. logical OR
-40 -30 296 0
40 ~40 37 0
-40 -50 -39.6 - e - IMiMm 1
-50 -40 -39.6 0
50 -50 -47 e e e M - - 1
50 -60 -49.6 - e - MMM - -] - 1
-60 -50 -49.6 0
-60 -60 =57 R EEaannr 1
-60 -70 -59.6 M |- IMMMM] - - - - -] - 1
70 -60 -59.6 e 0
70 -70 -67 MMl e e e e 1
=70 -30 -69.6 SR 5V (S [ [ Iy P [ R I e 1
Table 4

For each scenario the output at the digital selector 20 is shown, wherein 1 at the output at
the digital selector 20 means code match achieved and 0 means no code match achieved.
Comparing the simple OOK correlator output (using only one comparator and one
correlator) with the e.g. ORed correlator output signals, a strong improvement can be
observed. Seven signal scenarios can be met by the proposed architecture. In contrary, a
simple OOK receiver with a single comparator and a single correlator only meets one of
the scenarios. In other words the higher input dynamic range leads to substantial
improvement of interferer immunity. It should be noted that it is useful to use spread
sequence modulation IF signals to distinguish the modulated interferer and the data

modulated signals in the correlator.

Fig. 2b shows a further receiving stage 10" comprising the M receiving paths 12a, 12b and
12¢, wherein each receiving path comprises the comparator arrangement 16 coupled via
the correlators 22a, 22b, 22¢ and 22d to the digital selector 20. In contrast to the
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embodiment of Fig. 2a, the M receiving paths 12a, 12b and 12¢ are not coupled to a

common node, but partially coupled in series.

Here, the second receiving path 12b is coupled to the first receiving path 12a via a first
tapping 28a at the output of the amplifier 24a of the first signal processor 14a, i.e. that the
tapping 28a is arranged between the amplifier 24a and the optional demodulator 26a.
Analogously, the signal processor 14c¢ of the last receiving path 12c¢ is coupled to the
output of the amplifier 24b of the previous receiving path 12b via a tapping 28b. Thus, the
signal amplified by the second amplifier 24b of the second receiving path 12b is pre-
amplified by the first amplifier 24a of the first receiving path 12a, wherein the signal
amplified by the amplifier 24c is pre-amplified by the amplifiers 24b and 24a of the
previous receiving paths 12a and 12b. Consequently, the amplification gains increase from
the first receiving path 12a to the last receiving path 12c, although the gains of the
amplifiers 24a, 24b and 24¢ may be equal or may be selected arbitrarily.

Fig. 3a shows a reception map 40 illustrating the signal strength for a receiver 44
comprising one of the receiving stages 10, 10° or 10", wherein the TX signal is disturbed
by an interferer 42. The emitted power of the interferer 42 is 100 mW. The desired signal
is emitted with 10 mW. The distance between the two signal sources is 300 m (cf. broken
line). The desired circle arcs represent the equipower lines of the interferer 42 meaning that
the power of the interferer signal equals an annotated value, for all points on the arc. The
hatched area represents the location in which the signal level is larger than the interferer
level in the given scenario. Within the signal equipower line of -51 dBm (at a distance of
30 m) the signal to interferer ratio (CIR) is larger than 10 dB and decreases with increasing

distance.

The proposed architecture of the receiving stages 10, 10” or 10" allows reception with low
signal to interferer ratio (e.g. 3 dB), when using OOK modulated data on the receive
signal. This means near field (e.g. 50 to 60 m) reception of short data telegrams is possible
in presence of a strong interferer. In the case of a state-of-the-art receiver with AGC, a
short data telegram would have to be repeated several times, until the feedback loop locks
the IF signal onto proper reception/sensing level for a comparator. With the proposed
method there is no delay due to gain adjust and no telegram is missed. Assuming for
comparison that an OOK receiver with a sensitivity of -80 dBm, having neither AGC nor
the above M x K-matrix, located 3km away (100 dB path loss) from the above interferer

source would still be blocked by the interferer.
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Fig. 3b shows two diagrams 46 and 48 in which the possible signal reception is marked
dependent on the CW signal level (CW interferer level) and the data signal level (desired
signal level). In each diagram the CW signal level is plotted over the data signal level. The
first diagram 46 illustrates the possible signal reception (hatched area) for a simple OOK
correlating receiver (using one comparator and one correlator). The second diagram 48
illustrates the possible signal reception for a receiver (cf. 10, 10° and 10”’) having an
extended dynamic range using multiple comparators and correlators. The comparison with
the two diagrams 46 and 48 regarding the CW signal level shows that a receiver 10, 107
and 10” having the improved receiving stage is able to receive a signal up to a CW signal

level which is higher when compared to the state of the art approach.

Furthermore, regarding the desired signal level it should be noted that the desired signal
level, by using the improved receiving stages, may be smaller (cf. data signal level: -

70 dBV point) in case of low interference.

Although in above embodiments the receivers 10, 10” and 10°” are explained as receivers
having three receiving paths 12a, 12b and 12¢ with four comparators 16a, 16b, 16¢ and
16d, it should be noted that the number M of the receiving paths as well as the number K

of the comparators may vary.

In general, it should be noted that the difference between two successive amplification
gains of the plurality of receiving paths 12a, 12b and 12c are preferably equidistant. For

example, the difference between two successive amplification gains may be 10 of 15 dB.

Although in above embodiments, the threshold values have been discussed as pressure
values which equal for each of the M comparator arrangements 16, it should be noted that
the pressure values may, alternatively, vary from the first receiving path 12a to the last

receiving paths 12c.

Referring to Figs. 2a and 2b it should be noted that the outputs of the M x K comparators

may be used to perform an occupancy estimation of the RF channel.

Although some aspects have also been described in the context of an apparatus, it is clear
that the aspects also represent a description of the corresponding method, where a block or
a device corresponds to a method step or a feature of the method step. Analogously,
aspects described in the context of the method step also represent the description of a
corresponding block, item or feature of the corresponding apparatus. Some or all of the

method steps may be executed by (or using) a hardware apparatus, like a microprocessor,



10

12
WO 2013/131966 PCT/EP2013/054523

programmable computer or an electronic circuit. In some embodiments, some one or more

of the most important method steps may be executed by such an apparatus.

The above described embodiments are merely illustrative for the principles of the present
invention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent,
therefore, to be limited only by the scope of the impending patent claims and not by the
specific details presented by way of description and explanation of the embodiments

herein,
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Claims

Receiving stage (10, 10°, 10°") for receiving a receive signal, comprising:

M receiving paths (12a, 12b, 12¢), each receiving path (12a, 12b, 12¢) comprising a
signal processor (14a, 14b, 14¢) and K comparators (16a, 16b, 16¢, 16d),

wherein the signal processors (14a, 14b, 14c¢) of the M receiving paths (12a, 12b,
12¢) are configured to generate, for each of the M receiving paths (12a, 12b, 12¢),
an amplified version of the receive signal such that an amplification gain of the
respective receiving path (12a, 12b, 12¢) increases from a first of the M receiving
paths (12a, 12b, 12¢) to a last of the M receiving paths (12a, 12b, 12¢),

wherein for each of the M receiving paths (12a, 12b, 12¢) the K comparators (16a,
16b, 16¢, 16d) of the respective receiving paths (12a, 12b, 12¢) are configured to
compare the amplified receive signal of the respective receiving path (12a, 12b,
12¢) with a respective threshold value, and for each of the M receiving paths (12a,
12b, 12¢) the threshold value increases from a first of the K comparators (16a, 16b,
16¢, 16d) to the last of the K comparators (16a, 16b, 16¢, 16d).

Receiving stage (10, 10°, 10°”) according to claim 1, wherein the M receiving paths
(12a, 12b, 12¢) are arranged in parallel and coupled to a common node (13) at its

input side.

Receiving stage (10, 10°, 10”) according to claim 2, wherein the respective signal
processors (14a, 14b, 14c) of the M receiving paths (12a, 12b, 12¢) have different

gains.

Receiving stage (10, 10°, 10°") according to one of claims 1 to 3, wherein each
signal processor (14a, 14b, 14c) of the M receiving paths (12a, 12b, 12¢) comprises
an amplifier (24a, 24b, 24c).

Receiving stage (10, 10°, 10””) according to claim 4, wherein each signal processor
(14a, 14b, 14c) of the M receiving paths (12a, 12b, 12¢) comprises a demodulator
(26a, 26b, 26¢) arranged between the respective amplifier (24a, 24b, 24c¢) and the K
comparators (16a, 16b, 16¢, 16d).
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10.

11

Receiving stage (10, 10°, 10”) according to one of claims 1 to 5, wherein the
signal processors (14a, 14b, 14¢) of the M receiving paths are arranged in series and
wherein the K comparators (16a, 16b, 16¢, 16d) of the M receiving paths (12a, 12b,

12¢) are arranged in parallel.

Receiving stage (10, 107, 10°”) according to claim 6, wherein each signal processor
(14a, 14b, 14c) of the M receiving paths (12a, 12b, 12¢) comprises an amplifier
(24a, 24b, 24c) and wherein the gains of the respective amplifiers of the M
receiving paths (12a, 12b, 12¢) are equal so that at least the amplification gain of
the last of the M receiving paths (12a, 12b, 12¢) is based on a combination of the
gain of the amplifier of the first of the M receiving paths (12a, 12b, 12¢) and the
gain of the amplifier of the last of the M receiving paths (12a, 12b, 12c).

Receiving stage (10, 10°, 10””) according to claim 7, wherein each signal processor
(14a, 14b, 14c) of the M receiving paths (12a, 12b, 12c) comprises an amplifier
(24a, 24b, 24c) and a demodulator (26a, 26b, 26¢) arranged between the amplifier
(24a, 24b, 24¢) and the K comparators (16a, 16b, 16¢, 16d), wherein for each of the
M receiving paths (12a, 12b, 12¢) a tapping for the next of the M receiving paths
(12a, 12b, 12c) is arranged between the respective amplifier (24a, 24b, 24¢) and the
respective demodulator (26a, 26b, 26¢).

Receiving stage (10, 10°, 107”) according to one of claims 1 to 8, wherein the K
comparators (16a, 16b, 16¢, 16d) are arranged in parallel and coupled to the

respective signal processor (14a, 14b, 14c) via a common node (15a, 15b, 15¢).

Receiving stage (10, 10°, 10°") according to one of claims 1 to 9, wherein each of
the K comparators (16a, 16b, 16¢, 16d) is coupled to a correlator unit (22a, 22b,
22¢, 22d) configured to detect a bit sequence forwarded by the respective
comparator (16a, 16b, 16¢, 16d).

Receiving stage (10, 10°, 10°") according to claim 10, wherein the K comparators
(16a, 16b, 16c, 16d) are configured to forward the amplified receive signal, if the
amplified receive signal is above a respective threshold value and if a difference
between the amplified receive signal and an interfering signal is larger than an
average distance of the K threshold values, wherein the receive signal comprises

the interfering signal and a data signal carrying the bit sequence.
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12.

13.

14.

15.

16.

17,

18.

19.

Receiving stage (10, 10, 10°") according to claim 11 or 12, wherein the respective
correlator (22a, 22b, 22¢, 22d) comprises an XNOR-operator unit or XOR-operator

unit.

Receiving stage (10, 10°, 10°*) according to one of claims 10 to 11, wherein each
correlator (22a, 22b, 22¢, 22d) of the M receiving path (12a, 12b, 12¢) is coupled to
a digital selector (20) configured to output information based on the bit sequence
detected by one of the K correlators (22a, 22b, 22¢, 22d).

Receiving stage (10, 10°, 10°”) according to claim 13, wherein the digital selector
(20) comprises a combinational logic for selecting and/or processing one or more of
M x K channels, each channel is formed by the respective correlator (22a, 22b, 22¢,
22d) of the M receiving path (12a, 12b, 12¢).

Receiving stage (10, 10°, 10””) according to claim 13 or 14, wherein the digital
selector (20) is configured to output information on the respective correlator (22a,
22b, 22¢, 22d) in which the bit sequence is detected.

Receiving stage (10, 10°, 10°*) according to claim 5, wherein the demodulator (26a,
26b, 26¢) comprises a peak detector, power detector, envelope detector and/or a

detector for demodulating an amplitude modulator signal.

Receiving stage (10, 10°, 10”") according to one of claims 1 to 16, wherein the M-1
differences between two successive amplification gains of the M amplification

gains are equidistant.

Receiving stage (10, 10°, 10””) according to claim 17, wherein an average distance
between the K threshold values is at least two times smaller than the difference

between two successive amplification gains.

Method for receiving a receive signal, using the receiving stage (10, 107, 10”’)
comprising M receiving paths (12a, 12b, 12¢), each receiving path (12a, 12b, 12¢)
comprises a signal processor (14a, 14b, 14c) and K comparators (16a, 16b, 16¢c,
16d), the method comprising:

generating an amplified version of the receive signal for each of the M receiving
paths (12a, 12b, 12¢), using the respective signal processor (14a, 14b, 14c) of the

average receiving path, such that an amplification gain of the respective receiving
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paths (12a, 12b, 12¢) increases from a first of the averaging path (12a, 12b, 12¢) to
a last of the receiving paths (12a, 12b, 12¢); and

comparing the amplified receive signal of the respective receiving paths (12a, 12b,
12¢) with a respective threshold value for each of the M receiving paths, using the
K comparators (16a, 16b, 16¢, 16d) of the respective receiving paths (12a, 12b,
12¢), wherein for each of the receiving paths (12a, 12b, 12¢) the threshold value
increases from a first of the K comparators (16a, 16b, 16¢, 16d) to a last of the K
comparators (16a, 16b, 16¢, 16d).
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