
9607763- 1 RECEIVER FOR A DIGITAL TRANSMISSION SYSTEM BACKGROUND OF THE
INVENTION The invention relates to a receiver for a digital trans- mission
system comprising an incoming arrangement for receiving a receive signal
and including a signal processing means for recovering a transmitted data
sequence from the received signal Receivers of this type are used, for
example, in the future Pan-European mobile radio system GSM (Groupe Special
Mobile), which is referenced D-net- work in Germany. In this mobile radio
system, for ex- ample, speech signals are transmitted in digitized form
together with other digital signals according to a Time- Division Multiple
Access method (TDMA). The data are transmitted by a    tter of the mobile
radio system by means of a suitable modulation Reflections and multipath
propaon o  the transmission path cause the   nsmitted signal to reach the
receiver in various superposed signal portions with different delays and
phase shifts so that the incoming signal is distorted. These distortions
cause the binary digits contained in the received signal to be affected by
preceding binary digits (intersymbol interference). A signal processing
means comprising an equalizer eliminating these distor- tions is necessary
for equalizing the originally transmit- ted data symbols. JP 2-199936 (A)
discloses a digital transceiver in which, for improving the transmission
on efficiency, the receiver comprises a device for determining the trans-
mission quality that is, the amount of noise and distor- tion, as
contrasted with the magnitude of the incoming signal. When there is a good
transmsion quality, this device applies a switching signal to an error
correction means arranged at the transmitter and receiver ends, so that the
error correction means is switched off. [err]    REPLACEMENT SHEET 2
SUMMARY OF THE INVENTION It is an object of the invention to provide a
receiver of the type mentioned in the opening paragraph, which has little
signal processing circuitry and little power consumption. This object is
achieved with a receiver of the type mentioned in the opening paragraph, in
that the output of the receiver arrangement is connected to a signal
analysis means which determines a factor for the re- ceiver quality of the
received signal, and in that the signal analysis means controls, in
dependence on the established receive quality, the processing circuitry of
the signal processing     means for recovering a data se- quence from the
received signal. The invention is based on the recognition that the
necessary signal processing circuitry in receivers for digital data signals
through dispersive radio channels that vary with time depends on the
receive quality i.e. especially on the degree of dispersion of the radio
chan- nel. Put in other words, when the radio channel pres- ents much
dispersion, more signal processing circuitry 



is necessary than in the case of little dispersion. For example, the length
of the instantaneous channel im- pulse response is then used as a measure
of dispersion of the radio channel. To reduce the signal processing cir-
cuitry and thus also to minimize the power consump- tion, the receive
quality is determined, for example, at regular intervals by the signal
analysis means and the complexity and thus the performance efficiency of
the signal processing in the receiver is continuously ad- justed to the
actual receive quality. This is very impor- tant, especially in
battery-operated receivers, for exam- ple, so-called handhelds. The
operating time possible with such a battery-operated handheld is
appreciably extended by the minimization of the power consump- tion without
the receive quality being diminished. In an embodiment of the invention,
the dispersion of each  transmission channel is determined in the signal
analysis means, and the signal procesing  circuitry of the signal
processing means for recovering the transmit- ted data sequence is
controlled by the signal analysis means in dependence on the dispersion of
each transmis- sion channel. All this avoids the previous disadvantage that
in receivers of this type the signal processing cir- cuitry and thus also
the power       result from    REPLACEMENT SHEET 3 a "worst case operation"
and are thus invariably high even when there is currently a considerably
more favourable operation i.e. a considerably smaller disper- sion of the
transmission channel In a receiver according to the invention, on the other
hand, a channel-adaptive minimization of the power consumption of the
receiver is obtained. In a mobile radio receiver this leads to the fact
that the power consumption of the receiver when operated in a municipal
area where the mobile radio channel presents far less dispersion, is
smaller than when the receiver is operated in a hilly environment with a
strongly dispersive multipath  reception. In a further embodiment of the
invention, the signal analysis means and the control of the signal
processing means operate in blocks in accordance with a block structure of
the received signal defined by frames and- /or time slots. The time frame
defined by the received signal is also used for the regular processing of
the received signal in the signal analysis means, so that an additional
time control of this processing is not neces- sarv. In an embodiment of the
invention, the signal pro- cessing means implements a signal processing
alogritim whose complexity and performance efficiency are de- termined by
at least one parameter that can be adjusted by the signal analysis means.
The variation of the parameter(s) makes thus a simple adaptation possible
of the signal processing means to any operating condition. In an embodiment
of the invention, the signal pro- cessing means comprises an equalizer
having a filter structure, in which the number of filter stages may be
adjusted in accordance with the receive quality of the received signal. For
example, if a linear equalizer is used, or a decision feedback equalizer
with a transversal filter or a lattice filter structure, the signal
analysis 



means may adjust the number of filter stages in the forward and/or backward
branch in dependence on the channel. In a further embodiment of the
invention, the signal processing  means comprises an equalizer based on a
state model of the tranmission channel, in which the number of states of
the state model and/or the number of the considered channel coefficients
for computing the metric and/or the number of    deredata paths and/or the
length of the registers for storing the paths    4
[err] can be adjusted by the signal analysis means. For exam- ple, if an
optimum or sub-optimum equalizer according to the principle of maximum
likelihood sequence esti- mation or sequential decoding is implemented in
the signal processing means, a variation of the parameters of "number of
states", "number of considered channel coefficients for computing the
metric", "number of followed data paths" and "length of the registers for
storing the followed data paths" may produce a simple channel-dependent
adjustment of the signal processing means. In a further embodiment of the
invention, the signal analysis means comprises an estimator for estimating
the instantaneous impulse response of the transmission channel and an
analyzer for establishing the receive quality. For this purpose, the input
of the estimator is connected to the output of the receiver  arrangement
and the output of the estimator to the input of the analy- zer, which
analyzer determines the degree of dispersion of the transmission channel
and accordingly controls the signal processing mean In a further embodiment
of the invention, an adaptive filter and/or an arrangement for detmining
the auto- correlation function of the estimated channel    se response are
inserted between the estimator and the analyzer. The filter is, for
example, a matched filter matched to the estimated channel impulse response
or a whitened matched filter, as described, for example, in the title of
"Digital Transmission" by John G. Proakis, 1983. If the signal analysis
means comprises an arrange- ment for determining the autocorrelation
function of the estimated channel impulse response, the equalizer used in
the receiver is based, for example, on the Viterbi algorithm as described,
for example in European Patent application EP 0 294 116 A2. The Viterbi
method as such is described, for example, in the paper entitled "The
Viterbi Algorithm". by G. David Forney J. R., Proceedings of the IEEE, Vol.
61, No. 3, March 1973. In a further embodiment of the invention, for deter-
mining the parameters of the signal processing means on the basis of the
squared values of the estimated channel mpulse responses of a
predeterminable time-dependent measuring window, which is longer than the
maximum    [err] length that can be expected of the channel impulse
response, a middle range of the measuring window is determined in which the
squared values exceed a prede- 



terminable threshold, while the middle range of the measuring window
chaacterizes the length of the chan- nel impulse response which determines
the par ters. By omitting the values lying below the predeterminable
threshold, the length of the impulse response is deter- mined as a factor
for the degree of dispersion of the radio channel and the parameters of the
signal process- ing means and thus the signal processing circuitry are
determined with the aid of, for example, an allocated Table. In an
embodiment of the invention, for determining the parameters of the signal
processing means, all the squared values of the estimated channel impulse
re- sponses of a predeterminable measuring window, which is longer than the
maximum length that can be expected of the channel impulse response, are
added together to form a total energy value, while only a middle range
without the boundary ranges of the measuring window, whose boundary energy
portions of the total energy lie below a predeterminable threshold,
characterizes the length of the channel impulse response which deter- mines
the parameters. By adding the squared values of the estimated channel
impulse responses together, the total energy of the channel impulse
response is found. Only a predeterminable middle range of this total en-
ergy is taken into consideration for determining the parameters, which
middle range is to comprise a spe- cific minimum energy. From the length of
the channel impulse response thus produced and, for example, from a table,
the parameters characterizing the signal pro- cessing circuitry of the
signal processing means may be determined. The invention will be further
explained with refer- ence to the exemplary embodiments shown in the draw-
ing. BRIEF DESCRIPTION OF THE DRAWING FIG. 1 shows a block diagram of a
receiver for a digi transmission  system, FIG. 2 shows a block diagram of a
signal analysis means, FIG. 3 shows a further exemplary embodiment of a
signal analysis means, and    [err] FIGS. 4 and 5 show each a example of a
evaluation of channel impulse responses. DESCRIPTION OF THE PREFERRED
EMBODIMENT In the block diagram of an incoming represented in FIG. 1, a
receive signal e is applied to a receiver ar- rangement 1 which comprises,
for example, a HF re- ceive section, a sample-and-hold circuit; an
analog-to- digital converter and a memory. At the output of the receiver
arrangement 1 a received signal [err],is available which is applied to a
signal processing means  and also to a signal analysis means 3. The signal
analysis means 3 produces a control signal, S controlling the signal pro-
cessing means 2. At the output of the signal processing means 2 an output
signal y; is available. The receiver represented   FIG. 1 is, for example,
a mobile radio receiver for the GSM system. The trans- mision channel
strongly varying with time and the 



linked degree of dispersion are potentially subject to very strong
fluctuations over time and depend on oper- ating conditions or locations of
the radio transmitter and receiver which are not known in advance. The
radio receiver epresented in FIG. 1 may be arranged for such operating
conditions according to the most disadvantageous operating condition to be
expected as regards dispersion or according to a predened specification of
a worst case operating condition. Ac- cordingly, the signal procg means 2
comprises an equalizer as described, for example, in DE-A 3911 999 for a
digital transmission system. The equalizer de- scribed there operates under
any operating condition always with the same complexity and performance
efficiency. In contradiction thereof, the signal process- ing means 2
represented  FIG. 1  comprises, for exam- ple, an equalizer whose
complexity and performance efficiency are determined by one or more
parmeters. For this purpose, the signal xis evaluated by the signal
analysis means 3 and a factor for the receive quality of the received
signal is determined i.e. the degree of dis- persion of the radio channel
or the degree of distortion or intersymbol interference in the received
signal, as contrasted withe simple magnitude of the incoming signal, is
determined. In accordance  with the deter- mined receive quality of the
received signal, the equal.    7 izer included in the signal processing
means 2 and its parameter are activated by means of the control signal S.
This makes it possible that a mobile radio receiver, arranged for the most
disadvantageous operating condi- tion of a strongly dispersive multipath
radio channel in a billy environment can be operated in a municipal area
with less dispersion of the radio channel which has a smaller performance
efficiency of the signal analysis means, without the transmission quality
being adversely affected. Especially with battery-operated receivers, for
example, with mobile telephones and/or handhelds, a minimization of the
power consumption is achieved. This extends the operating time of such
devices and thus also increases their availability. FIG. 2 shows a block
diagram of a signal analysis means 3, as it can be used, for example, in a
transmission ystem represented in FIG. 1. The signal analysis means 3 is
costituted by an estimator 4 for estimating the instantaneous channel
impulse response and by an ana- lyzer 5 following in the circuit. The
analyzer 5 forms the length of the channel impulse response on the basis of
a signal h; at the output of the estimator 4 and pro- duces herefrom the
control signal S for controlling the signal processing means 2 (FIG. 1).
The length of the instantaneous estimated impulse response is the factor
for the dispersion of the radio channel With a rather small length of the
channel im- pulse response, the signal processing circuitry may be reduced,
whereas with a rather long channel impulse response a larger signal
processing circuitry is necessary for ensuring a sufficient receive
quality. In that case the estimator 4 as well as the analyzer 5 of the
signal analy- sis means 3 as well as the signal processing means 2 operate
block-by-block according to a block structure 



of the received signal defined by frames and/or time slots. Thus, an
additional time control of this processing means may be omitted. With the
aid of the signal analy- sis means 3 the degree of dispersion of the radio
channel is constantly determined and the complexity and the performance
efficiency of the signal processing in the receiver is also constantly
matched to the current de- gree of dispersion. This leads to a
channel-adaptive minimization of the signal processing circuitry in the
signal processing means 2 (FIG. 1) and thus also to a minimization of the
power consumption of the receiver formed by the receiver  arrangement 1 as
well as the signal processing means 2.    REPLACEMENT SHEET FIG. 3 shows
the block diagram of a signal analysis means 3 comprising an adaptive
filter 6 inserted be- tween an estimtor 4 and an analyzer S. With the aid
of the adaptive filter 6 the autocorrelation function of the channel
impulse response of the receiver represented in FIG. 1 may be determined.
In such an embodiment of the invention first the autocorrelation function
may be determined which finally determines the signal proces ing circuitry
of the signal processing means 2. FIG. 4 shows discrete values of the
squared values [err] of the estimated channel impulse responses at discrete
instants i=O,l,. . . N. The maximum of the squared values of the estimated
channel impulse re- sponse is denoted by the dashed line Max. The likewise
dashed line a.Max denotes a predeterminable threshold, where a is a
predeterminable constant with 0<a<l. The length L of the impulse response
may be deter- mined on the basis of all the squared values. In a first step
the squared values /[err] are determined first for discrete values i=O, .
.., N on the basis of the signal [err] which is produced by the estimator 4
repre- sented in FIG. 2. In a second step the maximum Max as well as the
predeterminable threshold a.Max are deter- mined on the basis of all the
values of these squared values, where O<a<1. In a third step all the values
smaller than the predeterminable threshold a.Max are determined on the
basis of all the squared values in the light and left bands of the
measuring window ranging from i=0,... , N. The "remainder" i.e. the
remaining middle range of the measuring window determines the length L of
the impulse response. As already observed with respect to FIGS. 1 to 3, the
length L of the channel impulse response determined in this manner may be
used as a basis for the parameter(s) for the channel processing means 2
(FIG. 1). This may be performed on the basis of a Table stored in the
analyzer 5 (FIGS. 2 and 3) which produces different parameters in the form
of the control signal S (FIGS. 1 to 3) for different values of the channel
impulse response length L In the exemplary embodiment of the invention
shown in FIG. 5 for evaluation of channel impulse responses, the references
already described with respect to FIG. 4 are used in essence. For
determining  the channel im- pulse response length L for the example
represented in FIG. 5, first the squared value [err] for i=.. ., N is
determined in accordce with the embodiment shown  



in FIG. 4. By adding the squared values together, the total energy E of the
channel impulse response is deter- mined. The measuring  window determined
by all the squared values [err] only takes into consideration a
predeterminable middle range, worded differently: the boundary energy
portions referenced El, E2 in FIG. 5 are not taken into consideration Each
boundary energy is then, for  example, 5% of the total energy E. The length
of the middle range of the channel impulse re- sponse, resulting from the
omission of the boundary ranges having the boundary energy portions El, E2,
determines the length L of the channel impulse re- sponse. The parameters
for controlling the signal pro- cessing means 2 (FIG. 1) are determined in
accordance with the exemplary embodiment described with respect to FIG. 5,
for example, with the aid of a table.    [err] 1. A receiver for a digital
transmission  system, com- prising means for receiving an incoming signal,
and provid- ing as an  output a received signal, and signal processing
means, comprising processing cir- citry, for receiving said received signal
and recov- ering a transmitted data sequence from said re- ceived signal,
characterized in that the receiver further comprises signal analysis means
for determining  a quality factor for said received signal diffet from the
magnitude of said incoming    being received by said means for receiving,
and means, responsive to the determined quality factor being higher than a
given value, for controlling said processing circuitry to provide error
correc- tion while reducing power consumption  of the receiver. 2. A
receiver as claimed in claim 1, characterized in that said signal
processing means implements a signal processing algorithm having a
complexity and perfor- ance efficiency determined by at least one
parameter, and said means for controlling adjusts at least one said
parameter responsive to the quality factor deter- mined by said signal
analysis means. 3. A receiver as claimed in claim 2, characterized in that
said processing circuitry compri an equalizer having a filter structure
having a plurality of filter stages, and said one parameter is the number
of said filter stages in said filter structure. 4. A receiver as claimed in
claim 2, c      in that said processing means comprises an equalizer based
on a state model of the transmission channel over which said incoming
signal is received, said model having a number of states and being defined
by a number of channel coefficients for computing a metric, a number of
data paths, and a plurality of registers for storing data paths, each
register having a length equal to a number, and said one parameter is one
of said numbers. 



5. A receiver as claimed in claim 1, characterized in that said signal
analysis means and said signal process-    ing means operate in blocks in
accordance with a structure of the received signal defined by frames and-
/or time slots. 6. A receiver as claimed in claim 5, characterized in that
said signal processing means implements a signal processing algorithm
having a complexity and perfor- mance effciency determined by at least one
parameter, and said means for controlling adjusts at least one said
parameter responsive to the quality factor deter- mined by said signal
analysis means. 7. A receiver as claimed in claim 5, characterized in that
said processing circuitry comprises an equalizer having a filter structure
having a plurality of filter stages, and said one parameter is the number
of said filter stages in said filter structure. 8. A receiver as claimed in
claim 5, characterized in that said processing means comprises an equalizer
based on a state model of the transmission channel over which said incoming
signal is received, said model having a number of states and being defined
by a number of channel coefficients for computing a metric, a number of
data paths, and a plurality of registers for storing data paths, each
register having a length equal to a number, and said one parameter is one
of said numbers. 9. A receiver for a digital transmission system, com-
prising means for receiving an incoming signal over at least one channel,
and providing as an output a received signal, and signal processing means,
comprising processing cir- cuitry, for receiving said received signal and
recov- ering a transmitted data sequence from said re- ceived signal,
characterized in that the receiver further comprises signal analysis means
for determining the disper- sion of each transmission channel, and means,
responsive to the dispersion determined by said signal analysis means for
controlling said pro- cessing circuitry to provide error correction while
reducing power consumption of the receiver. 10. A receiver as claimed in
claim 9, characterized    in that said signal analysis means and said
signal process- ing means operate in blocks in accordance with a block
12 structure of the received signal defined by frames /or time slots. 11. A
receiver as laimed in claim 10,  characterized in that said signal analysis
mean comprises an estimator for estimating the instantaneous impulse
response of the transmission channel over which the coming signal is being
received, and said means for controlling includes an analyzer. 12 A
receiver as claimed in claim 11, comprising 



means for determining the autocorrelation function of the estimated channel
impulse response estimated by said estimator, and supplying said function
to said analy- zer. 13. A receiver as claimed in claim 10, characterized in
that said means for determining the dispersion com- prises means for
determining squared values of the esti- mated channel impulse responses of
a predetermined time-dependent window, said window being longer than the
maimum length that can be expected for the channel impulse response, and
means for determining a middle range of the measur- ing window in which
said squared values exceed a predetermined threshold, said middle range
char- acterizing the length of the channel impulse re- sponse. 14. A
receiver as claimed in claim 1 characterized in that said means for
determining the dispersion com- prises means for determining squared values
of the esti- mated channel impulse responses of a predetermined
time-dependent window, said window being longer than the maximum length
that can be expected for the channel impulse response, means for adding
said squared values to form a total energy value, and means for determining
a middle range of the measur- ing window, which excludes boundary ranges,
wherein the portions of the total energy corre- sponding to said boundary
ranges are less than a predetermined threshold, said middle range char-
acterg the length of the channel impulse re- sponse. 15. A receiver as
claimed in claim 9, charactrized in that said means for controlling
includes an analyzer, said signal analysis means comprises an estimator for
estimating the instantaneous  impulse response of the transmission channel
over which the incoming    13 signal is being received, and means for
determining the autocorrelation function of the estimated chan- nel impulse
response estimated by said estimator, and supplying said function to said
analyzer. 16. A receiver for a digital transmission system, com- prising
means for receiving an incoming signal, and provid- ing as an output a
received signal, and. signal processing means, comprising procesing cir-
cuitry, for receiving said received signal and recov- ering a  smitted data
sequence from said re- ceived signal, characterized in that said signal
processing means implements a signal processing algorithm having a
complexity and performance efficiency determined by at least one parameter,
and the receiver further comprises signal analysis means for determining a
quality factor for said received gnal different from the magnitude of said
incom- ing signal being received by said means for receiv- ing, and means
for adjusting at least one said parameter re- sponsive to the quality
factor determined by said 



signal anaysis means, to provide error correction while reducing power
consumption of the receiver. 17. A receiver as claimed in claim 16,
characterized in that said processing circuitry comprises an equalizer
having a filter structure having a plurality of filter stages, and said one
parameter is the number of said filter stages in said filter structure. 18.
A receiver as claimed in claim 16, characterized in that said processing
means comprises an equalizer based on a state model of the transmission
channel over which said incoming signal is received, said model having a
number of states and being defined by a number of channel coefficients for
computing a metric, a number of data paths, and a plurality of registers
for storing data paths, each register having a length equal to a number,
and said one parameter is one of said numbers. 19. A receiver as claimed in
claim 16, characterized in that said means for determining the dispersion
com- prises means for determining squared values of the esti- mated channel
impulse responses of a predetermined time-dependent window, said window
being longer    14 than the maximum length that can be expected for the
channel impulse response, and means for determining a middle range of the
measur- ing window in which said squared values exceed a predetermined
threshold, said middle range char- acterizing the length of the channel
impulse re- sponse and determining the value of said parame- ter. 20. A
receiver as claimed in claim 16, characterized in that said means for
determining the dispersion com- prises means for determining squared values
of the esti- mated channel impulse responses of a predetermined ed
time-dependent window, said window being longer than the maximum length
that can be expected for the channel impulse response, means for adding
said squared values to form a total energy value, and means for determining
a middle range of the measur- ing window, which excludes boundary ranges,
wherein the portions of the total energy corre- sponding to said boundary
ranges are less than a predetermined threshold, said middle range char-
acterizing the length of the channel impulse re- sponse and determining the
value of said parame- ter.    


