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DESCRIPTION
Mobile radio receiver for a radio transmission system. D —
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The invention relates to a mobile radio receiver for a radio transmission
system, such receiver comprising a recognition arrangement for searching a received
digital signal for pulses of a frequency correction burst contained with a
predeterminable frequency in the digital signal and for determining their pulse positions,
and a frequency estimation arrangement for forming frequency estimates for the
predeterminable' frequency.

The invention further relates to a radio transmission system which
includes such a mobile radio receiver.

Mobile radio receivers of this type are necessary, for example, for the
Pan-European mobile radio system referenced D-network in Germany. In this mobile
radio system, for example, speech signals are transmitted in digitized form along with
other digital signals by way of a Time-Division Multiple Access method (TDMA). For

’ this purpose, the available freéquency band is subdivided into separate frequency bands

and a specific number of subscriber channels are accommodated in each separate
frequency band in the time-division multiplex mode. The method of accessing within a
radio cell is synchronous i.e. the separate time slots are organized in frames. When a
connection is set up between a base station and a mobile radio station, there is the
resulting problem of initial synchronization.

In the article entitled "Anfangssynchronisation der Mobilstation im D-
Netz", G. Frank, W. Koch, PKI Technische Mitteilungen 1/1990, pp. 43 to 49, a
mobile radio receiver of the type mentioned in the opening paragraph is described. For
initial synchronization in that arrangement a frequency correction burst (FCB) is
transmitted along with other information signals between a base station and the mobile
radio receiver over a broadcast control channel (BCCh). This frequency correction burst
is used for fine frequency synchronization of the mobile radio receiver with the base
station and for coarse synchronization with regard to the time slot position. The

frequency correction burst consists of a sequence of 148 zeroes which are transformed
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by means of a specific modulation method, for example, GMSK modulation, into a pure
sine-shaped signal shifted relative to the carrier frequency of the received digital signal
by the frequency of the frequency correction burst. For detecting the frequency
correction burst and thus for identifying what is commonly referred to as the Broadcast
Control Channel (BCCh), a recognition arrangement designated as BCCh recognition is
provided. The recognition arrangement searches a signal that can be derived from the
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received digital signal for pulses in the frequency correction burst. This search is made
in a plurality of successive observation intervals. Pulses whose pulse position in time
and whose maximum value are determined are derived from the frequency correction
burst. A criterion for the actually received frequehcy correction burst is from the
average height of the detected pulses. If no frequency correction burst is found, a
control unit uses a new frequency channel for a further search. If the frequency
correction burst has been positively recognised, the time shift of the frequency
correction burst is determined on the basis of the position in time of the detected
maximums of the recognised i.e. detected pulses. Subsequently, a frequency estimation
arrangement is activated which derives frequency estimates of the frequency of the
frequency correction burst. Then, a frequency-tracking value is determined for a local
oscillator arranged in the HF circuit of the mobile radio receiver on the basis of a rather
large number of frequency estimates of the frequency estimation arrangement.

It is an object of the invention to improve the initial synchronization of a
mobile radio receiver of the type mentioned in the opening paragraph with a base
station.

In a mobile radio receiver of the type mentioned in the opening paragraph
this object is achieved, in that the recognition arrangement comprises an averaging
circuit for averaging wifh weight factors pulse positions that have been determined in
successive observation intervals, the weight factors being dependent on the individual
pulse heights of the pulses.

An input signal of the recognition arrangement may, for example, be the
digital signal, or a signal that can be derived from the received digital signal and is
produced from normal and quadrature components of the baseband signal of the
received digital signal. The signal that can be derived from the received digital signal is
first filtered by means of a narrow bandpass filter whose bandwidth is harmonized with

the maximum frequency tolerance that can be expected of the pulses in the frequency
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correction burst. Then, a value of the filtered signal is determined, as a result of which

a one-timeslot-long rectangularly-shaped pulse characteristic of the frequency correction

burst is produced. Such a rectangular pulse is filtered by means of a matched filter. The
detection of the pulse positions is then effected by determining the maximum of the
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output signal of the matched filter within an observation interval. An observation
interval then has a length which is to be at least as long as the largest distance bétween
two successive pulses which are based on the frequency correction burst. Determining
the position of the maximum in the observation interval provides the information about
the pulse position. The maximum then always characterizes the end of a frequency
correction burst. The successively provided weighted averaging of the pulse positions
thus determined within successive observation intervals provides a high degree of
evaluation accuracy. The averaging circuit then weights the pulses determined within
successive observation intervals in accordance with their individual pulse heights. An
enhanced accuracy is obtained when the number of averagings is increased. The
improved evaluation accuracy also provides an improved initial synchronization of the
mobile radio receiver with a base station.

A possible dependence of the weight factors on the individual pulse
heights to obtain a proper initial synchronization is achieved, in that the weight factors
are proportional to the individual pulse heights of the pulses.

A further improved evaluation accuracy is achieved, in that the
recognition arrangement comprises a first threshold former for taking only the pulses
into account whose pulse heights exceed a predeterminable threshold.

An accurate detection of the exact pulse position is made possible, in that
the recognition arrangement and/or the frequency estimation arrangement comprise(s) a
bandpass filter for filtering the digital signal and a signal that can be derived from the
digital signal respectively, or a frequency mixer for the complex multiplication of the
digital signal or the signal that can be derived from the digital signal by a
predeterminable mixing signal, with a succeeding low-pass filter especially one with a
linear phase shift as a function of frequency. The multiplication produces a frequency
shift of the signal that can be derived from the received digital signal, so that instead of
an expensive bandpass filtering only a low-pass filtering of the two quadrature |
components is necessary. Due to a highly linear phase shift as a function of frequency

of the low-pass filter i.e. a group delay which is as flat as possible, accurate detection
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of the exact pulse positions is possible. Especially a filter having the Bessel
characteristic can be utilized as a low pass filter here.

Rectangularly-shaped pulses having a duration of a time slot, which are
then used for detecting the pulse positions of the frequency correction burst, are
obtained in that the recognition arrangement comprises a value generator or a squaring
circuit respectively, after the bandpass and the low;pass filter respectively. The
detection reliability is further enhanced by means of a squaring operation instead of a
value generation. A fast and reliable detection of the pulses is effected in that the
recognition arrangement comprises a first decision arrangement which is provided for
determining a first decision signal taken into account when the frequency correction
burst was determined, by checking whether in a predeterminable number of observation
intervals at least one determined pulse exceeds a predeterminable threshold. This does
increase the probability of a pulse simulation, it is true, but the probability of a pulse
that is not recognised is reduced more than proportionally.

An even greater reliability with respect to the decision whether a
frequency correction burst is present is achieved, in that the frequency estimation
arrangement comprises a means for forming a quality parameter assigned to each
determined frequency estimate, which quality parameter can also be used for
determining the frequency correction burst. A further enhanced reliability with the
detection of the frequency correction burst is provided, in that the frequency estimation
arrangement comprises a second decision arrangement for deriving a second decision
signal taken into account for determining the frequency correction burst.

A possible way of computing the quality parameter is found, in that the
means for forming the quality parameter comprises a reciprocator for determining the
quality parameter from the reciprocal value of the squared distance of the estimated and
the real phase variation.

A reliable determination of the frequency deviation between the local
oscillator and the oscillator of the base station is made, in that the frequency estimation
arrangement comprises an averaging circuit for forming weighted averaged estimates

from a predeterminable number of frequency estimates of determined frequency

" correction bursts and the individually assigned quality parameters for the tracking by the

oscillator of the mobile radio receiver.

Determining the frequency is improved, in that the frequency estimation
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arrangement comprises a second threshold former for taking into account only the
quality parameters that exceed a predeterminable threshold.
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In the folowing the invention will be further explained with the aid of the
embodiments represented in the drawing Figures, in which:
Fig. 1 shows a radio transmission system comprising a base station and a

mobile radio receiver;

Fig. 2 shows an embodiment of a recognition arrangement of a mobile
radio receiver; and

Fig. 3 shows an embodiment of a frequency estimation arrangement of a
mobile radio receiver.

Fig. 1 shows a radio transmission system comprising a base station 1 and
a mobile radio receiver 2. From the mobile radio receiver 2 only the basic arrangement
for initial synchronization with the blocks involved in the initial synchronization is
represented. Such a mobile radio receiver 2 can be used, for example, in the GSM
system. A received digital signal e is first applied to a HF receiving circuit 3. By means
of a baseband conversion circuit 4 for producing normal and guadrature components I,
Q, a two-channel conversion to the baseband is effected as described, for example, in
DE-A 39 38 126.9. The quadrature components I, Q are sampled in an analog-to-digital
converter 5 and digitized. At the output of the analog-to-digital converter 5 a signal z is
then available having a real component (= normal component) and an imaginary
component (= quadrature component). The signal z is applied to a recognition
arrangement 6 and/or a frequency estimation arrangement 7.

In the recognition arrangement 6 the digital signal z is searched for pulses
of a frequency correction burst contained in the received digital signal e. The
recognition arrangement produces a signal T signifying the pulse position of the
frequency correction burst, and also produces a first decision signal a.

On the basis of the frequency estimates the frequency estimation
arrangement 7 determines a frequency deviation signal f* as well as a second decision.
signal b. The decision signals a, b are applied to an evaluation arrangement 8a whose
output signal drives a control arrangement 8. The output signal T of the recognition

arrangement 6 and the output signal f* of the frequency estimation arrangement 7 are
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also applied to the control arrangement 8. The control arrangement 8 is connected to the
HF circuit 3 for causing the frequency of a local oscillator available in the HF circuit 3
of the mobile radio receiver 2 to follow the oscillator frequency of the transmitter 1,

6 PHD 91.174 EP

and supplies clock signals t1, t2 to the recognition arrangement 6 and the frequency
estimation arrangement 7 respectively.

The mode of operation of the mobile radio receiver 2 with respect to the
basic initial synchronization between mobile radio receiver 2 and base station 1 is
further described in the article entitled "Anfangssynchronisation der Mobilstation im D-
Netz", G. Frank, W. Koch, PKI Technische Mitteilungen 1/1990. The mode of
operation of the recognition arrangement 6 and the frequency estimation arrangement 7
will be further explained in conjunction with the drawing Figs. 2 and 3.

Fig. 2 shows an embodiment of a recognition arrangement 6 for a mobile
radio receiver 2 as it is shown in Fig. 1. The reference characters alr&dy' used with
respect to Fig. 1 are used here too. The recognition arrangement 6 is supplied with a
signal z derived from the received digital signal. This derived signal is multiplied by a
predeterminable first mixing signal m1l in a frequency mixer 9. A value generator 12 is
provided after an amplitude control arrangement 10 followed by a low-pass filter 11.
The recognition arrangement 6 further includes an optimal matched filter 13 (MF). The
matched filter 13 produces an output signal i, which designates the pulses in the
frequency correction burst, so that in the following the reference character i is also used
for referencing the pulses. The output signal i is transported to a maximum-recognition
arrangement 15. The maximum-recognition arrangement is supplied with a first clock
signal t1. At the output of the maximum-recognition arrangement 15 signals t, U are
available, the signal t being the pulse position of the pulses i in the frequency correction
burst, and the signal U indicating their associated pulse height, so that in the foliowing
also the reference character t is used for identifying a pulse position i.e. of a determined
pulse in the burst, and the reference character U is used for denoting the associated
pulse height. The signal t is applied to an averaging circuit 14 at whose output a signal
T is present which indicates the pulse position of the frequency correction burst. The
signal U is transported to an arrangement 16 which discards the puise heights U that fall
short of a predeterminable threshold. At the output of the arrangement 16 a modified
signal Us is present which is applied to the averaging circuit 14 for determining a

weighted average. The modified signal Us is also applied to a decision arrangement 17,
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18, 19 at the output of which a first decision signal a is present. The decision

arrangement 17, 18, 19 comprises a threshold switch 17, a succeeding counter 18 as
well as a decision circuit 19.

7 _PHD 91.174 EP

The digital signal z is processed, in essence, in the manner already
described in PKI Technische Mitteilungen 1/1990, pp. 43 to 49, except for the
determination of the signals t, U at the output of the maximum-recognition arrangement
15. By merely generating a squared value instead of a normal value of the output signal
of the low-pass filter 11, the value generator 12 can enhance the detection reliability.
Besides, the low-pass filter 11 advantageously has a linear phase shift as a function of
frequency as this is possible, more specifically, with a low-pass filter 11 having Bessel
characteristics. The maximum-recognition arrangement 15 determines a pulse position t
relative to each first clock signal t1, where the period of the clock signal t1 corresponds
to the length of an observation interval. The search of the maximum-recognition
arrangement 15 always relates to an observation interval which is selected to be so large
as to include at least a frequency correction burst. To increase the detection reliability,
the maximum-recognition arrangement 15 repeats the search for the maximum pulses in
a plurality of successive observation intervals.

The averaging circuit 14 averages the determined pulse positions t with
weight factors. The pulses t whose pulse heights U fall short of a predeterminable
threshold are discarded for the determination of the weighted average. The pulse heights
Us assigned to those of the pulses t which exceed the threshold determined by the
arrangement 16 are used as weight factors for the remaining pulses t. Thus, the
following holds for the formation of the output signal T of the recognition arrangement
6, which signal signifies the pulse position of the frequency correction burst: T =
Zt.Us/ZUs. For deciding whether a pulse has or has not been determined to be a pulse
of the frequency correction burst, the output signal Us of the arrangement 16 is
evaluated in the decision arrangement 17, 18, 19 by way of the threshold switch 17, the
counter 18 and the decision circuit 19. The first decision signal a available at the output
of the decision circuit 19 is evaluated, as shown in Fig. 1 and already explained in the
description with reference to Fig. 1, by the evaluation arrangement 8a in Fig. 1. The
measures described with reference to Fig. 2 decidedly improve the detection reliability

of the pulse positions and the overall result is an improved initial synchronization of the
mobile radio receiver with a base station.
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Fig. 3 shows an embodiment of a frequency estimation arrangement 7 for
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the mobile radio receiver 2 shown in Fig. 1. The frequency estimation arrangement is
supplied with a signal z that can be derived from the received digital signal e.
Subsequently, a band limitation takes place which is performed by an equivalent
arrangement comprising a frequency mixer 20 and a succeeding low-pass filter 21. The
frequency mixer 20 is supplied with the signal z as well as a second mixing signal m2.
After the low-pass filter 21, phase calculation arrangements 22, 23 (Cordic algorithm
and phase unwrapping) are provided, the arrangement 22 being supplied with a second
clock signal t2. The arrangement 22 produces for its output signal a signal T
corresponding to the phase, from which a phase T, with a constant phase variation is
calculated in the arrangement 23. The frequency estimation arrangement 7 further
includes an arrangement 24 for performing a linear regression calculation like the one
that has already been described in the article entitled "Anfangssynchronisation der
Mobilstation im D-Netz", PKI Technische Mitteilungen 1/1990, pp. 43 to 49. At the
output of the arrangement 24 for performing the linear regression, signals.v: Sy are
available; the signal ; signifying frequency estimates and the signal Sy signifying the
squared distance between the estimated and the real phase variation, so that in the
following the reference character s is also used for signifying one frequency estimate
and the reference character Sy is used for signifying the squared distance. The signal s
is applied to an averaging circuit 25 at whose output a signal f* is available signifying a
frequency deviation. The signal Sy is applied to a reciprocator 26. At the output of the
reciprocator 26 a signal g is available which is used as a quality parameter for
expressing the reliability of the frequency estimate in question, which signal will also be
referenced quality parameter g in the following. The quality parameter is transported to
an arrangement 27 which discards the signal values of the quality parameter that fall
short of a predeterminable threshold. At the output of the arrangement 27 a modified
quality parameter g is available which is applied to the averaging circuit 25 for a
weighted averaging. The modified quality parameter g, is further applied to a decision
arrangement 28, 29, 30 at whose output a second decision signal b is available. The
decision arrangement 28, 29, 30 comprises a summator 28, a succeeding threshold
switch 29 as well as a decision circuit 30.

The digital signal z is processed, up to the determination of the signals g,
b, substantially in the way already described in PKI Technische Mitteilungen 1/1990,
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pp. 43 to 49. The frequency deviation f* between the local oscillator of the mobile radio
receiver and a base station is then determined in the frequency estimation arrangement 7
after the conversion to the baseband and after the possible pulse positions of the

occurred frequency control signals have been determined in the recognition arrangement

PHD 91.174 EP

6. The values not stemming from a frequency correction burst are then discarded. In the
phase calculation arrahgement 22 there is first a calculation of the main value of the
phase of the complex baseband signal z, for example, by means of the CORDIC
algorithm. Subsequently, in the arrangement 23 a continuous phase variation T is
established in that all phase jumps in the calculated phase T, are discarded (phase
unwrapping), which phase jumps may be reduced to the fact that the calculated main

value of the phase T, is limited to the range X, while the sought phase of the received

- digital signal shows a continuous variation and may adopt random values. Based on this

continuous phase variation the arrangement 24 performs a linear regression to calculate
the frequency estimates s, as this has also been described in the article entitled
" Anfangssynchronisation der Mobilstation im D-Netz", PKI Technische Mitteilungen

171990, pp. 43 to 49. The frequency estimate s may then be calculated in accordance
with the following equation:

M
g8 = c+ ¥ mie(M+m+l) -p(M-m+1)] ; M=(N-1)/2; N odd

m=1
N here denotes the number of measured values per frequency correction burst. The
linear regression is only performed for the duration of a frequency correction burst. The
initial factor ¢ takes into account the proportional control factor yielded by the selected
implementation for calibrating the measured values. Subsequently, in the averaging
circuit 25, a weighted averaging is performed of all the frequency estimates ; available
at the output of the arrangement 24, so that at the output of the averaging circuit 25 the
following value is produced for the frequency deviation f’:

1l |
£/ = ¥ gg(d)-8(d) / Y g5(d) ;
i=1 i=l
Here I characterizes the number of measurements that have taken place. The resuit of

the weighted averaging is available at the output of the averaging circuit 25 as signal f°,

which signifies the frequency deviation between the local oscillator and the oscillator of
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the base station. For the weighted averaging, each frequency estimate ;. averaged with

a weight that corresponds to the modified quality parameter g of the frequency
estimation. For determining this quality parameter the arrangement 24 also determines
the squared distance Sy of the estimated and real bhase variations in addition to the
frequency estimates;. A possible way of calculating Sy is:

SN = N )’% ¢*(n) - [f_,‘, w(n)]z - 112 (82
n=l | c? N2

In the reciprocator 26 the reciprocated value of the squared distance Sy is calculated. In
this manner the quality parameter g is obtained to judge the reliability of the frequency
estimate concerned. Not until this quality parameter g or the modified quality parameter
g, for the weighted averaging in the averagihg circuit 25 has increased will the required
accuracy for determining the frequency deviation ' under conditions of fading be
obtained. A second improvement of the frequency determination is achieved when the
quality parameter g is modified by a suitably selected threshold in the arrangement 27
before being averaged. All values falling short of this threshold are then zeroed. As
denoted in Fig. 3, the quality parameter g can also be utilized as a second decision
signal b with the aid of the decision arrangement 28, 29, 30 which operates in
corresponding fashion to the decision arrangement described with respect to Fig. 2. The
decision signal b is also used for determining/detecting the frequency correction burst,
and to form complementary to signal a, a second decision signal for deciding on
whether a frequency correction burst has been found or not, as this is shown in Fig. 1
and is also described with respect to Fig. 1. For producing the decision signal b all
determined modified quality parameters are added together in summator 28. The output

signal of the summator 28 is applied to the threshold switch 29 and the succeeding
decision circuit 30.
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1. Mobile radio receiver (2) for a radio transmission system, such receiver

comprising a recognition arrangement (6) for searching a received digital signal (e) for
pulses (i) of a frequency correction burst contained with a predeterminable frequency in
the digital signal (e) and for determining their pulse positions (t), and a frequency
estimation arrangement (7) for forming frequency estimates (.;) for the predeterminable
frequency, characterized in that the recognition arrangement (6) comprises an averaging
circuit (14) for averaging with weight factors (Us) pulse positions (t) that have been
determined in successive observation intervals, the weight factors (Us) being dependent
on the individual pulse heights (U) of the pulses (i).

2. Mobile radio receiver as claimed in Claim 1, characterized in that the
weight factors (Us) are proportional to the individual pulse heights (U) ‘of the pulses (i).
3. Mobile radio receiver as claimed in one of the Claims 1 or 2,

characterized in that the recognition arrangement (6) comprises a first threshold former
(16) for taking only the pulses (i) into account whose pulse heights (U) exceed a
predeterminable threshold.

4, Mobile radio receiver as claimed in one of the Claims 1 to 3,
characterized in that the recognition arrangement (6) and/or the frequency estimation
arrangement (7) comprise(s) a bandpass filter for filtering the digital signal (e) and a
signal (z) that can be derived from the digital signal (e) respectively, or a frequency
mixer (9, 20) for the complex multiplication of the digital signal (e} or the signal (z)
that can be derived from the digital signal (e) by a predeterminable mixing signal (ml,
m2), with a succeeding low-pass filter (11, 21) specifically one with a linear phase shift
as a function of frequency.

5. Mobile radio receiver as claimed in one of the Claims 1 to 4,
characterized in that the recognition arrangement (6) comprises a value generator or a
squaring circuit (12, 22) after the bandpass filter and low-pass filter (11, 21)
respectively, and/or in that the recognition arrangement (6) comprises a first decision
arrangement (17, 18, 19) which is provided for determining a first decision signal (a)
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taken into account when the frequency correction burst was determined, by checking
whether in a predeterminable number of observation intervals at least one determined
pulse (i) exceeds a predeterminable threshold. .

6. Mobile radio receiver as claimed in one of the Claims 1 to 5,
characterized in that the frequency estimation arrangement (7) comprises a means (24,
25) for forming a quality parameter (g) assigned to each determined frequency estimate
(s:), which quality parameter can also be used for determining the frequency correction
burst, and/or in that the frequency estimation arrangement (7) comprises a second
decision arrangement (28, 29, 30) for deriving a second decision signal (b) taken into
account for determining the frequency correction burst.

7. Mobile radio receiver as claimed in Claim 6, characterized in that the
means for forming the quality parameter (g) compriseé a reciprocator (24) for
determining the quality parameter (g) from the reciprocal value of the squared distance
(Spp) of the estimated and the real phase variation.

8. Mobile radio receiver as claimed in one of the Claims 6 or 7,
characterized in that the frequency estimation arrangement (7) comprises an averaging
circuit (25) for forming weighted averaged estimates (f*) from a predeterminable
number of frequency estimates (5 of determined frequency correction bursts and the

individually assigned quality parameters (g) for the tracking by the oscillator of the
mobile radio receiver (2). ‘

9. Mobile radio receiver as claimed in one of the Claims 1 to 8,
characterized in that the frequency estimation arrangement (7) comprises a second
threshold former (27) for taking into account only the quality parameters (g) that exceed
a predeterminable threshold.

10. Radio transmission system comprising at least a base station (1) and at
least a mobile radio receiver (2) as claimed in one of the Claims 1 to 9, the radio

transmission system being provided for transmitting radio signals between base station
(1) and mobile radio receiver (2).
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ABSTRACT

Mobile radio receiver for a radio transmission system

The invention relates to a mobile radio receiver (2) for a radio
transmission system, such receiver comprising a recognition arrangement (6) for
searching a received digital signal (e) for pulses (i) of a frequency correction burst
contained with a predeterminable frequency in the digital signal (e) and for determining
their pulse positions (t), and including a frequency estimation arrangement (7) for
forming frequency estimates (;) for the predeterminable frequency. The initial
synchronization of the mobile radio receiver with a base station is then to be improved.

For this purpose there is proposed that the recognition arrangement (6)
comprises an averaging circuit (14) for averaging with weight factors (Us) pulse
positions (t) that have been determined in successive observation intervals, the weight
factors (Us) being proportional to the individual pulse heights (U) of the pulses (i).

Digital transmission systems.

Fig. 2
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1
MOBILE RADIO RECEIVER FOR A RADIO TRANSMISSION SYSTEM

14 JUL 1999

The invention relates to a mobile radio receiver for a radio transmission
system, such receiver comprising a recognition arrangement for searching a received
digital signal for pulses of a frequency correction burst contained with a
predeterminable frequency in the digital signal and for determining their pulse positions,
and a frequency estimation arrangement for forming frequency estimates for the

predeterminable frequency.

The invention further relates to a radio transmission system which
includes such a mobile radio receiver.

Mobile radio receivefs of this type are necessary, for example, for the

Pan-European mobile radio system referenced D-network in Germany. In this mobile '
radio system, for exampie, épeech signals are transmitted in digitized form along with
other digital signals by way of a Time-Division Multiple Access method (TDMA). For

this purpose, the available frequency band is subdivided into separate frequency bands
and a specific number of subscriber channels are accommodated in each separate
frequency band in the time-division multiplex mode. The method of accessing within a
radio cell is synchronous i.e. the separate time slots are organized in frames. When 2a
connection is set up between a base station and a mobile radio station, there is the
resuiting problem of initial synchronization.

In the article entitled " Anfangssynchronisation der Mobilstation im D-
Netz", G. Frank, W. Koch, PKI Technische Mitteilungen 1/1990, pp. 43 t0 49, a
mobile radio receiver of the type mentioned in the opening paragraph is described. For
initial synchronization in that arrangement a frequency correction burst (FCB) is
transmitted along with other information signals between a base station and the mobile
radio receiver over a broadcast control channel (BCCh). This frequency correction burst
is used for.fine frequency synchronization of the mobile radio receiver with the base
station and for coarse synchronization with regard to the time slot position. The

frequency correction burst consists of a sequence of 148 zeroes which are transformed
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by means of a specific modulation method, for example, GMSK modulation, ir{m a pure
sine-shaped signal shifted relative to the carrier frequency of the received digital signal
by the frequency of the frequency correction burst. For detecting the frequency
correction burst and thus for identifying what is commonly referred to as the Broadcast
Control Channel (BCCh), a recognition arrangement designated as BCCh recognition is

REPLACEMENT SHEET
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provided. The recognition arrangement searches a signal that can be derived from the
received digital signal for pulses in the frequency correction burst. This search is made
in a plurality of successive observation intervals. Pulses whose puls;e position in time
and whose maximum value are determined are derived from the frequency correction
burst. A criterion for the actually received frequency correction burst is from the
average height of the detected pulses. If no frequency correction burst is found, a
control unit uses a new frequency channel for a further search. If the frequency
correction burst has been positively recognised, the time shift of the frequency
correction burst is determined on the basis of the position in time of the detected
maximums of the recognised i.e. detected pulses. Subsequently, a frequency estimation
arrangement is activated which derives frequency estimates of the frequency of the  ~
frequency correction burst. Then, a frequency-tracking value is determined for a local
oscillator arranged in the HF circuit of the mobile radio receiver on the basis of a rather
large number of frequency estimates of the frequency estimation arrangement.

It is an object of the invention to improve the initial synchronization of a
mobile radio receiver of the type mentioned in the opening paragraph with a base
station.

In a mobile radio receiver of the type mentioned in the opening paragraph
this object is achieved, in that the recognition arrangement comprises an averaging
circuit for averaging with weight factors pulse positions that have been determined in
successive observation intervals, the weight factors being dependent on the individual
pulse heights of the pulses.

An input signal of the recognition arrangement may, for example, be the
digital signal, or a signal that can be derived from the received digital signal and is
produced from normal and quadrature components of the baseband signal of the
received digital signal. The signal that can be derived from the received digital signal is
first filtered by means of a narrow bandpass filter whose bandwidth is harmonized with

the maximum frequency tolerance that can be expected of the pulses in the frequency
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correction burst. Then, a value of the filtered signal is determined, as a result of v\;hich
a one-timeslot-long rectangularly-shaped pulse characteristic of the frequency correction
burst is produced. Such a rectangular pulse is filtered by means of a matched filter. The
detection of the pulse positions is then effected by determining the maximum of the
output signal of the matched filter within an observation interval. An observation
interval then has a length which is to be at least as long as the largest distance between
two successive pulses which are based on the frequency correction burst. Determining
the position of the maximum in the observation interval provides the information about
the pulse position. The maximum then always characterizes the end of a frequency
correction burst. The successively provided weighted averaging of the pulse positions
thus determined within successive observation intervals provides a high degree of
evaluation accuracy. The averaging circuit then weights the pulses determined within
successive observation intervals in accordance with their individual pulse heights. An
enhanced accuracy is obtained when the number of averagings is increased. The

improved evaluation accuracy also provides an improved initial synchronization of the
mobile radio receiver with a base station.

-

A possible dependence of the weight factors on the individual pulse
heights to obtain a proper initial synchronization is achieved, in that the weight factors
are proportional to the individual pulse heights of the pulses.

A further improved evaluation accuracy is achieved, in that the
recognition arrangement comprises a first threshold former for taking only the pulses
into account whose pulse heights exceed a predeterminable threshold.

An accurate detection of the exact pulse position is made possible, in that
the recognition arrangement and/or the frequency estimation arrangement comprise(s) a
bandpass filter for filtering the digital signal and a signal that can be derived from the
digital signal respectively, or a frequency mixer for the complex multiplication of the
digital signal or the signal that can be derived from the digital signal by a
predeterminable mixing signal, with a succeeding low-pass filter especially one with a
linear phase shift as a function of frequency. The multiplication produces a frequency
shift of the signal that can be derived from the received digital signal, so that instead of
an expensive bandpass filtering only a low-pass filtering of the two quadrature
components is necessary. Due to a highly linear phase shift as a function of frequency

of the low-pass filter i.e. a group delay which is as flat as possible, accurate detection
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of the exact pulse positions is possible. Especially a filter having the Bessel
characteristic can be utilized as a low pass filter here.

Rectangularly-shaped pulses having a duration of a time slot, which are
then used for detecting the pulse positions of the frequency correction burst, are
obtained in that the recognition arrangement comprises a value generator or a squaring
circuit respectively, after the bandpass and the low-pass filter respectively. The
detection reliability is further enhanced by means of a squaring operation instead of a
value generation. A fast and reliable deteétion of the pulses is effected in that Ehe
recognition arrangement comprises a first decision arrangement which is provided for
determining a first decision signal taken into account when the frequency correction
burst was determined, by checking whether in a predeterminable number of observation
intervals at least one determined pulse exceeds a predeterminable threshold. This does
increase the probability of a pulse simulation, it is true, but the probability of a pulse
that is not recognised is reduced more than proportionally.

An even greater reliability with respect to the decision whether a
frequency correction burst is present is achieved, in that the frequency estimation
arrangement comprises a means for forming a quality parameter assigned to each
determined frequency estimate, which quality parameter can also be used for
determining the frequency correction burst. A further enhanced reliability with the
detection of the frequency correction burst is provided, in that the frequency estimation
arrangement comprises a second decision arrangement for deriving a second decision
signal taken into account for determining the frequency correction burst.

A possible way of Eompuﬁng the quality parameter is found, in that the
means for forming the quality parameter comprises a reciprocator for determining the
quality parameter from the reciprocal value of the squared distance of the estimated and
the real phase variation.

A reliable determination of the frequency deviation between the iocal
oscillator and the oscillator of the base station is made, in that the frequency estimation
~ arrangement comprises an averaging circuit for forming weighted averaged estimates
- from a predeterminable number of frequency estimates of determined frequency
correction bursts and the individually assigned quality parameters for the tracking by the

oscillator of the mobile radio receiver.

Determining the frequency is improved, in that the frequency estimation
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arrangement comprises a second threshold former for taking into account onl)Lzhp ,

quality parameters that exceed a predeterminable threshold.

In the following the invention will be further explained with the aid of the
embodiments represented in the drawing Figures, in which:
Fig. 1 shows a radio transmission system comprising a base station and a

mobile radio receiver;

Fig. 2 shows an embodiment of a recognition arrangement of a mobile
radio receiver; and

Fig. 3 shows an embodiment of a frequency estimation arrangement of a
mobile radio receiver.

Fig. | shows a radio transmission system comprising a base station 1 and
a mobile radio receiver 2. From the mobile radio receiver 2 only the basic arrangement
for initial synchronization with the blocks involved in the initial synchronization is
represented. Such a mobile radio receiver 2 can be used, for example, in the GSM
system. A received digital signal e is first applied to a HF receiving circuit 3. By means
of a baseband conversion circuit 4 for producing normal and quadrature components I,
Q, a two-channel conversion to the baseband is effected as described, for example, in
DE-A 39 38 126.9. The quadrature components I, Q are sampled in an analog-to-digital
converter 5 and digitized. At the output of the analog-to-digital converter 5 a signal z is
then available having a real component (= normal component) and an imaginary
component (= quadrature component). The signal z is applied to a recognition
arrangement 6 and/or a frequency estimation arrangement 7.

In the recognition arrangement 6 the digital signal z is searched for pulses
of a frequency correction burst contained in the received digital signal e. The
recognition arrangement produces a signal T signifying the pulse position of the
frequency correction burst, and also produces a first decision signal a.

On the basis of the frequency.esﬁmates the frequency estimation
arrangement 7 determines a frequency devia_tion signal f* as well as a second decision
signal b. ‘i‘he decision signals a, b are applied to an evaluation arrangement 8a whose
output signal drives a control arrangement 8. The output signal T of the recognition

arrangement 6 and the output signal f* of the frequency estimation arrangement 7 are
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also applied to the control arrangement 8. The control arrangement 8 is conneCted o he————————
HF circuit 3 for causing the frequency of a local oscillator available in the HF circuit 3

of the mobile radio receiver 2 to follow the oscillator frequency of the transmitter 1,
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and supplies clock signals t1, 2 to the recognition arrangement 6 and the frequency
estimation arrangement 7 respectively.

The mode of operation of the mobile radio receiver 2 with respect to the
basic initial synchronization between mobile radio receiver 2 and base station 1 is
further described in the article entitled * Anfangssynchronisation dé'r Mobilstation im D-
Netz", G. Frank, W. Koch, PKI Technische Mitteilungen 1/1990. The mode of
operation of the recognition arrangement 6 and the frequency estimation arrangement 7
will be further explained in conjunction with the drawing Figs. 2 and 3.

Fig. 2 shows an embodiment of a recognition arrangement 6 for a mobile
radio receiver 2 as it is shown in Fig. 1. The reference characters already used with
respect to Fig. 1 are used here too. The recognition arrangement 6 is supplied with a
signal z derived from the received digital signal. This derived signal is multiplied by a
predeterminable first mixing signal m! in a frequency mixer 9. A value generator 12 is
provided after an amplitude control arrangement 10 followed by a low-pass filter 11.
The recognition arrangement 6 further includes an optimal matched filter 13 (MF). The
matched filter 13 produces an output signal i, which designates the pulses in the
frequency correction burst, so that in the following the reference character i is also used
for referencing the pulses. The output signal i is transported to a maximum-recognition
arrangement 15. The maximum-recognition arrangement is supplied with a first clock
signal tl. At the output of the maximum-recognition arrangement 15 signals t, U are
available, the signal t being the pulse position of the pulses i in the frequency correction
burst, and the signal U indicating their associated pulse height, so that in the following
also the reference character t is used for identifying a pulse position i.e. of a determined
pulse in the burst, and the reference character U is used for denoting the associated
pulse height. The signal t is applied to an averaging circuit 14 at whose output a signal
.. T is present which indicates the pulse position of the frequency correction burst. The
~ signal U is transported to an arrangement 16 which discards the pulse heights U that fall
short of a prédeterminable threshold. At the output of the arrangement 16 a modified
signal Us is present which is applied to the averaging circuit 14 for determining a
weighted average. The modified signal Us is also applied to a decision arrangement 17,
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arrangement 17, 18, 19 comprises a threshold switch 17, a succeeding counter 18 as
well as a decision circuit 19.

The digital signal z is processed, in essence, in the manner already
described in PKI Technische Mitteilungen 1/1990, pp. 43 to 49, except for the
determination of the signals t, U at the output of the maximum-recognition arrangement
15. By merely generating a squared value instead of a normal value of the output signal
of the low-pass filter 11, the value generator 12 can enhance the detection reliability.
Besides, the low-pass filter 11 advantageously has a linear phase shift as a function of
frequency as this is possible, more specifically, with a low-pass filter 11 having Bessel
characteristics. The maximum-recognition arrangement 15 determines a pulse position t
relative to each first clock signal t1, where the period of the clock signal tl corresponds
to the length of an observation interval. The search of the maximum-recognition
arrangement 15 always relates to an observation interval which is selected to be so large
as to include at least a frequency correction burst. To increase the detection reliability,
the maximum-recognition arrangement 15 repeats the search for the maximum pulses in
a plurality of successive observation intervals.

The averaging circuit 14 averages the determined pulse positions t with
weight factors. The pulses t whose pulse heights U fall short of a predeterminable
threshold are discarded for the determination of the weighted average. The pulse heights
Us assigned to those of the pulses t which exceed the threshold determined by the
arrangement 16 are used as weight factors for the remaining i)ulses t. Thus, the
following holds for the formation of the output signal T of the recognition arrangement
6, which signal signifies the pulse position of the frequency correction burst: T =
Lt.Us/ZUs. For deciding whether a pulse has or has not been determined to be a pulse
of the frequency correction burst, the output signal Us of the arrangement 16 is
evaluated in the decision arrangement 17, 18, 19 by way of the threshold switch 17, the
counter 18 and the decision circuit 19. The first decision signal a available at the output
of the decision circuit 19 is evaluated, as shown in Fig. 1 and already explained in the
description_ with reference to Fig. 1, by the evaluation arrangement 8a in Fig. 1. The
measures described with reference to Fig. 2 decidedly improve the detection reliability

of the pulse positions and the overall result is an improved initial synchronization of the
mobile radio receiver with a base station.
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Fig. 3 shows an embodiment of a frequency estimation arrangement7-for—————
the mobile radio receiver 2 shown in Fig. 1. The frequency estimation arrangement is
supplied with a signal z that can be derived from the received digital signal e.
Subsequently, a band limitation takes place which is performed by an equivalent

14 JUL 999
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arrangement comprising a frequency mixer 20 and a succeeding low-pass. filter 21. The
frequency mixer 20 is supplied with the signal z as well as a second mixing signal m2.
After the low-pass filter 21, phase calculation arrangements 22, 23 (Cordic algorithm
and phase unwrapping) are provided, the arrangement 22 being suﬁplied with a second
clock signal t2. The arrangement 22 produces for its output signal a signal T
corresponding to the phase, from which a phase T, with a constant phase variation is
calculated in the arrangement 23. The-frequency estimation arrangement 7 further
includes an arrangement 24 for performing a linear regression calculation like the one
that has already been described in the article entitied " Anfangssynchronisation der
Mobilstation im D-Netz", PKI Technische Mitteilungen 1/1990, pp. 43 to 49. At the
output of the arrangement 24 for performing the linear regression, signals;, S& are
available; the signal ; signifying frequency estimates and the signal Sy signifying the
squared distance between the estimated and the real phase variation, so that in the
following the reference character ; is also used for signifying one frequency estimate
and the reference character Sy is used for signifying the squared distance. The signal ;
is applied to an averaging circuit 25 at whose output a signal f* is available signifying a
frequency deviation. The signal Sy is applied to a reciprocator 26. At the output of the
reciprocator 26 a signal g is available which is used as a quality parameter for
expressing the reliability of the frequency estimate in question, which signal will also be
referenced quality parﬁmeter g in the following. The quality parameter is transported to
an arrangement 27 which discards the signal values of the quality parameter that fall
short of a predeterminable threshold. At the output of the arrangement 27 a modified
quality parameter g, is available which is applied to the averaging circuit 25 for a
weighted averaging. The modified quality parameter g is further applied to a decision
arrangement 28, 29, 30 at whose output a second decision signal b is available. The
decision arrangement 28, 29, 30 comprises a summator 28, a succeeding threshold
switch 29 as well as a decision circuit 30.

The digital signal z is processed, up to the determination of the signals g,
b, substantially in the way already described in PKI Technische Mitteilungen 1/1990,
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receiver and a base station is then determined in the frequency estimation arrangement 7
after the conversion to the baseband and after the possible pulse positions of the
occurred frequency control signals have been determined in the recognition arrangement
6. The values not stemming from a frequency correction burst are then discarded. In -he
phase calculation arrangement 22 there is first a calculation of the main value of the
phase of the complex baseband signal z, for example, by means of the CORDIC
algorithm. Subsequently, in the arrangement 23 a continuous phasé variation T is
established in that all phase jumps in the calculated phase T, are discarded (phase
unwrapping), which phase jumps may be reduced to the fact that the calculated main
value of the phase T, is limited to the range +«, while the sought phase of the received
digital signal shows a continuous variation and may adopt random values. Based on this
continuous phase variation the arrangement 24 performs a linear regression to calculate
the frequency estimar.es;, as this has also been described in the article entitled

" Anfangssynchronisation der Mobilstation im D-Netz", PKI Technische Mitteilungen

1/1990, pp. 43 to 49. The frequency estimate s may then be calculated in accordance
with the following equation:

8 = ¢ - g: m{o(M+m+1) ~¢(M-m+1)] ; M=(N-1)/2; N odd
m=1 '
N here denotes the number of measured values per frequency correction burst. The
linear regression is only performed for the duration of a frequency correction burst. The
initial factor c takes into account the proportional control factor yielded by the selected
implémentation for calibrating the measured values. Subsequently, in the averaging
circuit 25, a weighted averaging is performed of all the frequency estimates ; available
at the output of the arrangement 24, so that at the output of the averaging circuit 25 the
following value is produced for the frequency deviation f*:

{ !
t! = Y gold)-8d) /Y gs(d)

i=1l i=1
Here [ characterizes the number of measurements that have taken place. The result of
the weighted averaging is available at the output of the averaging circuit 25 as signal f°,

which signifies the frequency deviation between the local oscillator and the oscillator of
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the base station. For the weighted averaging, each frequency estimate

sis a.vmged with
a weight that corresponds to the modified quality parameter g of the frequency

estimation. For determining this quality parameter the arrangement 24 also determines
the squared distance Sy of the estimated and real phase variations in addition to the
frequency estimates ; A possible way of calculating Sy is:

N N 2
= N Y ) - LS_‘, 'so(n)] - S
n=1 al c® N°-1~
In the reciprocator 26 the reciprocated value of the squared distance Sy is calculated. In
this manner the quality parameter g is obtained to judge the reliability of the frequency
estimate concerned. Not until this quality parameter g or the modified quality parameter
g, for the weighted averaging in the averaging circuit 25 has increased will the required
accuracy for determining the frequency deviation f* under conditions of fading be
obtained. A second improvement of the frequency determination is achieved when the
quality parameter g is modified by a suitably selected threshold in the arrangement 27
before being averaged. All values falling short of this threshold are then zeroed. As
denoted in Fig. 3, the quality parameter g can also be utilized as a second decision
signal b with the aid of the decision arrangement 28, 29, 30 which operates in
corresponding fashion to the ‘decision arrangement described with respect to Fig. 2. The
decision signal b is also used for determining/detecting the frequency correction burst,
and to form complementary to signal a, a second decision signal for deciding on
whether a frequency correction burst has been found or not, as this is shown in Fig. 1
and is also described with respect to Fig. 1. For producing the decision signal b all
determined modified quality parameters are added together in summator 28. The output

signal of the summator 28 is applied to the threshold switch 29 and the succeeding
 decision circuit 30.
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CLAIMS

1. Mobile radio receiver (2) for a radio transmission system, such receiver

comprising a recognition arrangement (6) for searching a received digital signal (e) for
pulses (i) of a frequency correction burst contained with a predetefminable frequency in
the digital signal (e) and for determining their pulse positions (t), and a frequency
estimation arrangement (7) for forming frequency estimates (;) for the predeterminable
frequency, chémcterized in that the recognition arrangement (6) comprises an averaging
circuit (14) for averaging with weight factors (Us) pulse positions (t) that have been
determined in successive observation intervals, the weight factors (Us) being dependent

on the individual pulse heights (U) of the pulses (i).

2. Mobile radio receiver as claimed in Claim 1, characterized in that the

weight factors (Us) are proportional to the individual pulse heights (U) of the pulses ().
3. Mobile radio receiver as claimed in one of the Claims 1 or 2,
characterized in that the recognition arrangement (6) comprises a first threshold former

(16) for taking only the pulses (i) into account whose pulse heights (U) exceed a
predeterminable threshold.

4, Mobile radio receiver as claimed in one of the Claims 1 to 3,

characterized in that the recognition arrangement (6) and/or the frequency estimation
arrangement (7) comprise(s) a bandpass filter for filtering the digital signal (¢) and a
signal (z) that can be derived from the digital signal (e) respectively, or a frequency
mixer (9, 20) for the complex multiplication of the digital signal (e) or the signal (z)
that can be derived from the digital signal (e) by a predeterminable mixing signal (ml,

m2), with a succeeding low-pass filter (11, 21) specifically one with a linear phase shift
as a function of frequency.

Mobile radio receiver as claimed in one of the Claims 1 to 4,
characterized in that the recognition arrangement (6) comprises a value generator-or a
squaring circuit (12, 22) after the bandpass filter and low-pass filter (11, 21)
respectively, and/or in that the recognition arrangement (6) comprises a first decision

arrangement (17, 18, 19) which is provided for detcrmining a first decision signal (a)
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taken into account when the frequency correction burst was determined, by checking
whether in a predeterminable number of observation intervals at least one determined

pulse (i) exceeds a predeterminabie threshold.

6. Mobile radio receiver as claimed in one of the Claims 1 to 5,

characterized in that the frequency estimation arrangement (7) comprises a2 means (24,
25) for forming a quality parameter (g) assigned to each determined frequency estimate
(;), which quality parameter can also be used for determining the frequency correction
burst, and/or in that the frequency estimation arrangement (7) comprises a second
decision arrangement (28, 29, 30) for deriving a second decision signal (b) taken into

account for determining the frequency correction burst.

7. Mobile radio receiver as claimed in Claim 6, characterized in that the

means for forming the quality parameter (g) comprises a reciprocator (24) for
determining the quality parameter (g) from the reciprocal value of the squared distance
(Spp of the estimated and the real phase variation.

8. Mobile radio receiver as claimed in one of the Claims 6 or 7,

characterized in that the frequency estimation arrangement (7) comprises an averaging ~
circuit (25) for forming weighted averaged estimates (f°) from a predeterminable
number of frequency estimates (;) of determined frequency correction bursts and the
individually assigned quality parameters (g) for the tracking by the oscillator of the
mobile radio receiver (2).

9. Mobile radio receiver as claimed in one of the Claims 1 to 8,

characterized in that the frequency estimation arrangement (7) comprises a second
threshold former (27) for taking into account only the quality parameters (g) that exceed
a predeterminable threshold.

10. Radio transmission system comprising at least a base station (1) and at

least a mobile radio receiver (2) as claimed in one of the Claims 1 to 9, the radio

transmission system being provided for transmitting radio signals between base station
(1) and mobile radio receiver (2).
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ABSTRACT

MOBILE RADIO RECEIVER FOR A RADIO TRANSMISSION SYSTEM

The invention relates to a mobile radio receiver (2) for a radio
transmission system, such receiver comprising a recognition arrangement (6) for
searching a received digital signal (e) for pulses (i) of a frequency correction burst
contained with a predeterminable frequency in the digital signal (e) and for determining
their pulse positions (t), and including a frequency estimation arrangement (7) for
forming frequency estimates (;) for the predeterminable frequency. The initial
synchronization of the mobile radio receiver with a base station is then to be improved.

For this purpose there is proposed that the recognition arrangement (6)
comprises an averaging circuit (14) for averaging with weight factors (Us) pulse
positions (t) that have been determined in successive observation intervals, the weight
factors (Us) being proportional to the individual pulse heights (U) of the pulses (i).

Digital transmission systems.

Fig. 2
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MOBILE RADIO RECEIVER FOR A RADIO
TRANSMISSION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a mobile radio receiver for a
radio transmission system, such receiver comprising a
rwogmnonm'angcmcntforsearchmgareoaveddxgl-
tal signal for pulses of a frequency correction burst
conmnedthhapredetermablefreqnmcymthcdlgz-
ulsgnalandfordaemmmgtharpulse and
a frequency estimation tfordmvingfre-

system includes such a mobile radio receiver.

2. Description of the Related Axt

Mobile radio receivers of this type are necessary, for
. example, for the Pan-European mobile radio system
referenced D-network in German. In this mobile radio
system, formmple,_‘speechsigmlsaretnnsdein
digitized form along with other digital signals by way of
a Time-Division Multiple Access method (TDMA).
For this purpose, the available frequency band is subdi-
vided into separate frequency bands and a specific num-
ber ofsubscn‘ber channels are accommodated in each
separate frequency. band in the time-division multiplex
mode. The method of accessing within a radio cell is
synchronous ie. the separate time slots are organized in
frames. When a connection is set up between a base -
station and 2 mobile radio station, there is the resulting
problem of initial synchronization.

In the article enfitled “Anfangssynchronisation der
Mobilstation im D-Netz”, G. Frank, W. Koch, PKI
Technische Mitteilungen 1/1990, pp. 43 to 49, a mobile :
radio receiver of the type mentioned in the opening
paragraph is described. For initial synchronization in
that arrangement a frequency correction burst (FCB).is
transmitted along with other information signals be-
tween a base station and the mobile radio receiver over

a broadcast control channel (BCCh). This ﬁ-eqmcy
correction burst is used for fine frequency synchro:

nonofthemobileradxorecexverwnhthebasestanon
and for coarse synchronization with regard to the time
slot position. The frequency correction burst consists of
a sequence of 148 zeroes which are transformed by
means of a specific modulation method, for example,



2
GMSK modulation, into a pure sine-shaped agnal
shifted relative to the carrier frequency of the received
. digital signal by the frequency of the frequency correc-
tion burst. For detecting the frequency correction burst
and thus identifying what is commonly referred to as
the Broadcast Control Channel (BCCh), a recognition
arrangement designated as-BCCh recognition is pro-
_vided. The recognition arrangement searches a signal
that can be derived from the received digital signal for
pulses corresponding to-the frequency correction burst.
This search is made in a plurality of successive observa-
tion intervals. Pulses whose position in time and whose
maximum value are determined are derived from the
‘frequency correction burst. A criterion for the actually
received - frequency -correction burst is the average
height of the detected pulses. If no frequency correction
burst is found, a control unit uses a new frequency chan-
nel for a further search. If the frequency correction
burst has been positively recognised, the time shift of
the frequency correction burst is determined on the
basis of the position in time of the maximums of the
detected pulses. Subsequently, a frequency estimation
arrangement is activated which derives frequency esti-
mates of the frequency of the frequency correction
burst. Then, a frequency-tracking value is determined
for a local oscillator arranged in the HF section of the
mobile radio receiver on the basis of a rather large
number of frequency estimates of the frequency estima-
tion arrangement.

SUMMARY OF THE INVENTION

It is an object of the invention to improve the initial
synchronization of 2 mobile radio receiver with a base
station in a transmission system of the type described

This object is achieved by providing the receiver
with a recognition arrangement which comprises an
averaging circuit for averaging with weight factors the
pulse positions that have been determined in successive
observation intervals, the weight factors being depen-
dent on the individual puise heights of the pulses.

An input signal of the recognition arrangement may, |

for example, be the digital signal, or a signal that can be
derived from the received digital signal and is produced
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mum frequency deviation that can be expected relative
to the signal based on the pulses of the frequency cor-
rection burst. Then, a value of the filtered signal is
determined, as a result of which 2 one-timeslot-long
rectangularly-shaped puise characteristic of the fre-
quency correction burst is produced. Such a rectango-
lar pulse is filtered by means of a matched filter. The
detection of the pulse positions is then effected by deter-
mining the maximum of the output signal of the
matched filter within an observation interval, The ob-

. servation interval has a length at least as long as the

largest distance between two successive pulses which
are based on the frequency correction burst. Determin-
ing the position of the maximum in the observation
mterval provides the information about the pulse posi-
tion. The maximum then always characterizes the end
of a frequency correction burst. The successively pro-
vided weighted averaging of the pulse positions thus
determined within successive observation intervals pro-
vides 2 high degree of evaluation accuracy. The averag-
ing circuit then weights the pulses determined within

. successive observation intervals in accordance with

their individual pulse heights. An enhanced accuracy is
obtained when the number of averagings is increased.
The improved evaluation accuracy also provides an
improved. initial synchronization of the mobile radio
receiver with a base station. i

A possible dependence of the weight factors on the
individual puise heights to obtain a proper initial syn-
chronization is achieved, in that the weight factors are
proportional to the individual pulse heights of the
puises. .

A further improved evaluation accuracy is achieved,

in that the recognition arrangement comprises a first

threshold former provided for taking only the pulses
into account whose puise heights exceed a predetermi-
nable threshold. |

An accurate detection of the exact pulse position is
made possible, in that the recognition arrangement and-
/or the frequency estimation arrangement comprise(s) a
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. bandpass filter for filtering the digital signal and a szgnal
that can be derived from the digital signal respectively.
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- Alternatively, a frequency mixer may be provided for
the complex multiplication of the digital signal or the
signal that can be derived from the digital signal by a
predeterminable mixing signal, with a succeeding low-
pass filter especially one with a linear phase shift as a
- function of frequency. The multiplication produces a
frequency shift of the signal that can be derived from
the received digital signal, so that instead of an expen-
sive bandpass filtering only a low-pass filtering of the
two quadrature components is necessary. Duesdo the
highly linear phase shift as a function of frequency of
the low-pass filter, i.e. a group delay which is as flat as
possible, accurate detection of the exact pulse positions
is possible. Especially a filter having the Bessel charac-
teristic can be utilized as a low pass filter here.
Rectangularly-shaped pulses having a duration of a
time slot, which are then used for detecting the pulse
positions of the frequency correction burst, are obtained
in that the recognition arrangement comprises a value
generator or a2 squaring circuit respectively, after the
bandpass and the low-pass filter respectively. The de-
tection reliability is forther enhanced by means of a
squaring operation instead of a value generation. A fast
andreﬁabledetectioncfthepu]saiseﬂ'ectedinthatthe
recognition arrangement comprises a first decision ar-
rangement which is provided for determining a first
decision signal taken into account when the frequency
correction burst was determined, by checking whether
in a predeterminable number of observation intervals at
least one determined pulse exceeds a predeterminable
threshold. This does increase the probability of a pulse
s:mxﬂanon,xt:stme, but the probability of a pulse that
is not recognised is reduced more than proportionally.
An even greater reliability with respect to the deci-
sxonwhethera&eqnencyoorrechonburst:smenns
achieved, in that the frequency estimation arrangement
comprises means for forming a quality parameter as-
signed to each determined frequency estimate, which
qualrtyparametercanalsobeusedfordeta-mmgthe
frequency correction burst. A further enhanced reliabil-
ity with the detection of the frequency correction burst
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.spmv:ded,mthatthe&equencymmonatrange-
mmtcompnsesaseeonddmonarmngmcntforde—
riving a second decision signal taken into account for
determining the frequency correction burst, _

A possible way of computing the quality parameter is
found.mthatthemeansforfonnmgthequahtypmme-

ter comprises a reciprocator provided for determining

the guality parameter from the reciprocal vaiue of the
squareddxstaneeofthesﬁmatedandtherdphase
variation.
A:elnbledetummmnoftheﬁ-equencydevxanon
between the local oscillator and the osciliator of the
basesunonzsmade,mthatﬂ:eﬁequencyshmanon
arrangement oompnssanavetagmg circuit provided
for forming weighted averaged estimates from a prede-
termmablennmberoffrequencyeshmatesofdm-
mined frequency correction bursts and the individually

assigned quality parameters for the tracking by the

oscillator of the mobile radio receiver.

Determining the frequency is improved, in that the
frequency estimation arrangement mmpriss a second
threshold former provided for taking into account only
the quality parameters that e:ceed a predeterminable
threshold.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be further explained with the aid .

of the embodiments represented in the drawing Figures,
in which:

FIG. 1 shows a radio transmission system comprising
a base station and a mobile radio receiver;

FIG. 2 shows an embodiment of 2 recognition ar-
rangement of a mobile radio receiver; and

FI1G. 3 shows an embodiment of a frequency estima-
tion arrangement of a mobile radio receiver.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FlG.lshowsaradxotranmsxonsystmcomprmng
a base station 1 and a mobile radio receiver 2. For the
mobile radio receiver 2 only the basic arrangement of
the circuit blocks involved in the initial synchronization
is represented. Such a mobile radio receiver 2 can be
used, for example, in the GSM system. A received digi-
talsxgnalexsﬁrstappkedmaHFreceivingmm&By
means of a baseband conversion circuit 4 for producing
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nonnalandqnadratnrecomponentsI,Q.atwo-chdml—

conversion to the baseband is effected as described, for
example, in DE-A. 39 38 126.9. The gquadrature compo-
'nentsLQaresampledmanana]og-to—dxmlmvum
5 and digitized. At the output of the analog-to-digital
oonvertersasxgmlzxsthenavailablehavmgaral
component (=normal component) and an imaginary
component (=quadrature component). The signal z is
apphedtoarwogmuonarrangementﬁand/oraﬁ-&
quency estimation arrangement 7.

Intherwogmt:onarrangementﬁthed:gxtalslgnalzxs
searched for pulses of a frequency correction burst
contained in the received digital signal e. The recogni-
tion arrangement produces a signal T signifying the
pulse position of the frequency correction burst, and
also produces a first decision signal a.

On the basis of the frequency estimates the frequency
estimation arrangement 7 determines a frequency devia-
tion signal f' as well as a second decision signal b. The
decision signals a, b are applied to an evaluation ar-
rangement 8a whose output signal drives a control] ar-
rangement 8. The output signal T of the recognition
arrangement 6 and the output signal f* of the frequency
estimation arrangement 7 are also applied to the control
arrangement 8. The control arrangement 8 is connected
to the HF section 3 for causing the frequency of a local
oscillator in the HF section 3 to follow the oscillator
frequency ofthetransmtterl,audsupphsclocksng-
nals t1, t2 to the recognition arrangement 6 and the
frequency estimation arrangement 7 respectively.

The mode of operation of the mobile radio receiver 2
- with respect to the basic initial synchronization be-
tween mobtile radio receiver 2 and base station 1 is fur-
ther dgcribed in the arficle entitled above-referenced
PKI article. The mode of operation of the recognition
arrangement 6 and the frequency estimation arrange-
ment 7 will be further explained in conjunction with the
drawing FIGS. 2 and 3. :

- FIG. Zshowsanbodmentofarecogmnmar-
rangcmenthoramobileradio receiver 2 as it is shown
in FIG. 1. The reference characters already used with
respect to FIG. 1 are used here too. The recognition
arrangement 6 is supplied with a signal z derived from
the received digital signal. This derived signal is multi-
plied by a predeterminable first mixing signal mlin a
frequency mixer 9. A value generator 12 is provided
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after an amplitude control (AGC) arrangement 10 fo}-
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lowed by a low-pass filter 11. The recognition arrange-
ment ¢ further includes an optimal matched filter 13
(MF). The matched filter 13 produces an outpuat signal
i, which includes the puises in the frequency correction
burst, so that in the following the reference character i
is also used for referencing those pulses. The ountput
signal i is transported to a maximum-recognition ar-
rangement 15 for detecting pulses of maximum heigh
The maximum-recognition arrangement is supplied
with a first clock signal t1. At the output of the max-
imum-recognition arrangement 15 signals t, U are avail-
able, the signal t being the positions of the pulsesiin the
frequency correction burst, and the signal U featuring
. their associated pulse height, so that.in the following
also the reference character t is used for identifying a
pulse position, i.e. of a determined pulse in the burst,
and the reference character U is used for denoting the
associated pulse height. The signal t is applied to an
. averaging circuit 14 at whose output a signal T is pres-
ent which indicates the pulse position of the frequency
correction burst. The signal U is transported to a thresh-
old gate arrangement 16 which  discards the pulse
heights U that fall short of a predeterminable threshold.
At the output of the arrangement 16 a modified signal
Us is present which is applied to the averaging circuit
14 for determining a weighted averaging. The modified
signal Us is also applied to a decision arrangement 17,
18, 19 at the output of which a first decision signal (2) is
produced. The decision arrangement 17, 18, 19 com-
prises a threshold switch 17, 2 succeeding counter 18 as
well as a decision circuit 19. '

The digital signal z is processed in FIG. 2, in essence,
in the manner already described in the above-referenced
PK1 article, except for the processing of the signals t, U
at the output of the maximum-recognition arrangement
15. By merely generating a squared value instead of a
normal value of the output signal of the low-pass filter
11, the value generator 12 can enhance the detection
reliability. Besides, the low-pass filter 11 advanta-
geously has a linear phase shift as 2 function of fre-
quency as this is possible, more specifically, with a low-
. pass filter 11 having Bessel characteristics. The max-
imum-recognition arrangement 15 determines a puise
position t relative to each first clock signal t1, where the
pesiod of the clock signal t1 corresponds to the length
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ofanoﬁservaﬁonimuval.'l‘heswehofthemﬁm -
recognition arrangement 15 always relates to an obser-

vation interval which is selected to be so large as to
include at least 2 frequency correction burst. To in-
ﬁonarrangemmtlSrepeatstheswchfo{themamum
pulses in 2 plurality of successive observition intervals.
The averaging circuit 14 averages the pulse positions
t determined -in successive observation intervals with
weight factors. The puises t whose pulse heights U fall
qghtedOfap .Th pulse heigts.U ' g?erdﬂ:e
wel averaging. The s assy 0
those of the pulses t which exceed the threshold deter-
minedbythethmholdgatelSarensedaswaghtf?.c-
tors for the remaining puises t. Thus, the following
holds for the formation of the ontpl}tsigngl‘!‘ofthe
recognition arrangement 6, which signal s:gmﬁe the
pulse position of the frequency correction burst:
T =3t.Us/2Us. For deciding whether 2 pulse has or has
not been determined to be a pulse of the frequency
correction burst, the output signal Us of the arrange-
ment 16 is evaluated in the decision arrangement 17, 18,

19 by way of the threshold switch 17, the counter 18
and the decision circuit 19. The decision signal (a) avail-
able at the output of the decision circuit 19 is evaluated,
as represented in FIG. 1 and already explained in the
description with reference to the evaluation arrange-
ment 8¢ in FIG. 1. The measures described with refer-
ence to FIG. 2 decidedly improve the detection reliabil-
ity of the pulse positions and the overall result is an
improved initial synchronization of the mobile radio
receiver with a base station.

FIG. 3 shows an embodiment of a frequency estima-
tion arrangement 7 for the mobile radio receiver 2
shown in FIG. 1. The frequency estimation arrange-
ment is supplied with a signal 2z that can be derived from
the received digital signal ¢. Subsequently, a band limi-
tation takes place which is performed by an equivalent

t comprising 2 frequency mixer 20 and 2
succeeding low-pass filter 21. The frequency mixer 20is
supplied with the signal z as well as a second mixing

_signal m2. After the low-pass filter 21, phase calculdtion
arrangements 22, 23 (Cordic algorithm and phase un-
wrapping) are provided, the arrangement 22 being sup-
plied with a second clock signal t2. The arrangement 22
produces at its output 2 signal ¢ corresponding to the
phase, from which a phase ¢; with 2 constant phase
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variation is calculated in the arrangement 23. The fie-—
" quency estimation arrangement 7 further includes an
‘arrangement 24 for performing s linear segression cal-
culation like the one that has already been described in
the article entitled above-referenced PKI article. At the
output oftheamngement%forperfomgthehncar
regrsaon,sxgnalss,snareavailabl:thes:gnalsfeatur-
ing frequency estimates and the signal Sy featuring the
squared distance between the estimated and the real
phase vananon, so that in the following the reference

character 8 is also used for signifying one frequency
estxmateandtherefereneechamctersmmedforsxgm-
fying the squared distance. The signal § is applied to an
averaging circuit 25 at whose output a signal f’ is avail-
able signifying an average frequency deviation. The
signal Syvis applied to a reciprocator 26. At the output
of the reciprocator 26 a signal g is available which is
used as a quality parameter for expressing the reliability
of the frequency estimate in question, which signal will
also be referenced quality parameter g in the following.
The quality parameter is transported to a threshold gate
arrangement 27 which discards values thereof that fall
short of a predeterminable threshold. At the output of
the arrangement 27 a modified quality parameter g is
available which is applied to the averaging circuit 25 for
a weighted averaging. The modified quality parameter
gsis further applied to a decision arrangement 28, 29, 30
at whose output a second decision signal (b)isavailable.
‘The decision arrangement 28, 29, 30 comprises a sum-
mator 28, asuocwdmgthrsholdswm:hmaswellasa
decision circuit 30.

The digital signal z is processed, up to the determina-
tion of the signals g, (b), substantially in the above-
referenced the way already described in the above-
referenced article. The frequency deviation f' between
the local oscillator of the mobile radio receiver and a
base station is then determined in the frequeacy estima- -
tion arrangement 7 after the conversion to the baseband
and after the possible pulse positions of the occurred
frequency control signals have been determined in the
recognition arrangement 6. The values not stemming
from a frequency correction burst are then discarded. In
the phase calculation arrangement 22 there is first a
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calculation of the main value of the phase of the fom-

- plex baseband signal z, for example, by means of the

~ CORDIC algorithm. Subsequently, in the arrangement
23 a continuous phase variation ¢ is established in that
all phase jumps in the calculated phase ¢zare discarded
(phase unwrapping), which phase jumps may be dis-
carded due to the fact that the calculated main value of
the phase ¢z is limited to the range t#, while the
' searchedforphaseofthereeelvedd;gmlsxgnalshows
a continuous variation and may adopt random values.
Based on this continuous phase variation the arrange-
ment%perfomsalmearregrmnwcalcnlatethe
frequency estimates §, as this has also been described in
the above-teferenced PKI article. The frequency esti-
matesmaythenbecalculatedmaecordancemﬂxthe

following equation:

J-;=t=-":‘l2:lm[«i’(l‘!f-i-m+l)--tl'(ﬂl—u_z-!- 1))
M=(N-1/2 Nod

N here denotes the number of measured values per
frequency correction burst. The linear regression is
only performed for the duration of 2 frequency correc- -
tion burst. The initial factor c takes into account the
proportional control factor yielded by the selected im-
plementation for calibrating the measured values. Sub-
sequently, in the averaging circuit 25, awelghﬁed aver-
agmg:sperformedofalltheﬁequencysﬂmatssavail _
ableattheoutputofthearrangment:u so that at the
output of the averaging circuit 25 the following value is
produced for the frequency deviation f":

z I
7= % 20y = g
i=1 faml

Here I characterizes the number of measurements that
have taken place. The result of the wexghted averaging
is available at the output of the averaging circuit 25 as
signal f’, which features the frequency deviation be-
tween the local oscillator and the oscillator of the base
station. For the weighted averaging, each frequency
estimate S is averaged with 2 weight that corresponas to
the modified quality parameter g. of the frequency esti-
mation. For determining this quality parameter the
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arrangement 24 also determines the squared distance
SNofﬂuesnmatedandrdphasevmanonsmaddinon

tothcfreqmcymaAposiblewayofcalcula
ing Swis:

2
N . N 1 12 Ao
SNSNuixﬂ")'(nﬁlm)) - M1 ¥

In the reciprocator 26 the reciprocated value of the
squared distance Sy’ is calculated. In this manner the
quality parameter g is obtained to judge the reliability of
the frequency estimate concerned. Not until this quality
parameter g or the modified quality parameter g.for the
weighted averaging in the averaging circuit 28 has in-
creased will the required accuracy for determining the
frequency deviation f under conditions of fading be
obtained. A second improvement of the frequency de-
mminaﬁonisachievedwhenthequalitypammetergis
modified by a suitably selected threshold in the arrange-
ment 27 before being averaged. All values falling short
of this threshold are then zeroed. As denoted in FIG. 3,
the quality parameter g can also be utilized as a second
decision signal (b) with the aid of the decision arrange-
ment 28, 29, 30 which operates in corresponding fashion
to the decision arrangement described with respect to
FIG. 2. The decision signal (b) is also used for deter-
. mining/detecting the frequency correction burst, and to
form, similar to signal (2) in FIG. 2, a second decision
signal for deciding on whether a frequency correction
burst has been found or not. For producing the decision
signal (b) all determined modified quality parameters
are added together in summator 28. The cutput signal of
the summator 28 is applied to the threshold switch 29
and the succeeding decision circuit 30.
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CLAIMS
1. A mobile radio receiver for use na radio
sion system wherein a transmitted radio com-
a carrier wave modulated in accordance with 2

pulses in said frequency correction burst signifying a

frequency deviation from the frequency of said carrier

wave: eaid racsiver cCOMDISIAR: .
transmitted radio signal and, by mixing with a local
oscillator signal and farther processing, deriving a

recognition circuit means coupled to said radio fre-
quency receiving means to receive the derived
digital signal therefrom and, during successive
observation intervals, to (i) search the derived digi-
tal signal to detect pulses therein of said frequency
correction burst and produce a time signal (t) indic-
ative of the time positions of said pulses, and (ii)
derive from the time signal (t) a time position signal
(T) indicative of the time position of said frequency
correction buzst in said derived digital signal; -

frequency estimating circnit means coupled to said
radio frequency receiving means to receive the
derived digital signal and, during each of said ob-
servation intervals, produce therefrom a frequency
deviation signal (") indicative of an estimated value
of said frequency deviation: and

control means coupled to said recognition circuit
means and to said frequency estimating circuit
means for receiving said time position signal (T)
and said frequency deviation signal (') and produc-
ing therefrom a control signal for application to
said radio receiving means to control the frequency
of said local oscillator signal so as to track the.

frequency of said carrier wave;
said receiver being characterized in that said recogni- .
tion circuit means comprises:

pulse height detecting means for producing a pulse
height signal (Ug) indicative of the heights of
pulses in the derived digital signal which exceed

a predetermined threshold height;
averaging means for averaging the pulse time posi-
~ tions indicated by the time signal (t) weighted in
accordance with the pulse heights indicated by

* [+ L NS =%
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the pulse height signal (Uy), the weighted aver-

age so derived constituting said time posxuon
signal (T); and
ﬁrstvahdahonmrcmtmeausforreeavmgthepmse
height signal (U), determining therefrom the
number of pulses in a predetermined plurality of
said observation intervals which exceed said

predetermined threshold height, and producing .
a first validation signal (a) indicative of whether
sa.ldt:meposmonsxgnal('l')actuallyrelatstoa
frequency correction burst included in the de-
rived digital signal.
2. A mobile radio receiver as claimed in claim 1,
wherein at least one of said recognition circuit means
.and said frequency estimating circuit means comprises
at least one of a bandpass filter for the derived digital
s:gnalanda&equencymuform:mgthedenved
digital signal with a local mixing signal, in each’case
followed by a lowpass filter having a linear phase shift
. as a function of frequency.
&Amobﬂeradxorecaverasclmedmchnnl
wherein said frequency estimating circuit means com-
prises: means for producing from the derived digital
signal a phase error quality parameter (g9 relating to
phase error between the derived digital signal and an
estimated value of said frequency deviation; and averag-
ing means for averaging successive estimated values of
said frequency deviation weighted in accordance with
applicable values of said phase error quality parameter
(89

4. A mobile radio receiver as claimed in claim 1,
wherein said frequency estimating circuit means com-
prises second validation circuit means for receiving said
phase error quality parameter for successive observa-
tion intervals, determining whether said parameters
conform to a predetermined decision criterion applica-
ble to a frequency correction burst, and producing a
second validation signal (b) indicative of whether said
frequency deviation signal (f’") actually relates to0 a fre-
quency correction burst included in the derived digital
signal.

5. A mobile radio receiver as claimed in claim 3,
wherein said frequency estimating circuit means com-
prises second validation circuit means for receiving said
phase error quality parameter for successive observa-
tion intervals, determining whether said parameters

AR Ilil
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conform 10 a predetermined decision brit_erion applica-

ble to a frequency correction burst, and producing a !

_ second validation signal (b) indicative of whether said
frequency deviation signal (f) actually relates to a fre-
quency correction burst included in the derived digital
signal.

6. A mobile radio receiver as claimed in claim 5,
further comprising evaluation circuit means conpled to
said first and second validation circuit means to receive
the first and second validation signals (a) and (b) and
producing therefrom an evaluation signal for applica-
tion to said control means to provide farther assurance

that the frequency of said local oscillator signal tracks .

the frequency of said carrier wave.

- 7. A mobile radio receiver as claimed in claim 3,
wherein said means for deriving said phase error quality
parameter (g;) comprises means for deriving the recip-
rocal of the square of the distance (Sy) between an
estimated phase variance and an actual phase variance
between said carrier wave and said estimated frequency
deviation signal ().
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MOBILE RADIO RECEIVER FOR A RADIO
" TRANSMISSION SYSTEM

ABSTRACT
A mobile radio receiver for a digital radio transmission

. system includes a recognition arrangement (6) for -

searching a received digital signal for pulses (i) of a
frequency comcnonbmstwhchrecm'swuhaprede-
termined frequency in the digital signal and for deter

mining the pulse positions (t). Afrequencysumauon
arrangement (7) derives estimates of the predetermined
frequency. In order to improve the initial synchroniza-

. tion of the mobile radio receiver with a base station, the

Tecognition arrangement includes an averaging circuit
- (14) which averages with weight factors (Us) the pulse
positions (t) that have been determined in successive
observation intervals, the weight factors (Us) being
proportional to the individual pulse heights (U). The
reliability of recognition of pulses which belong a fre-
quency correction burst is improved by providing eval-
uation based on the number of pulses of amplitndes
above a selected threshold level during a selected inter-
val, and further evaluation based on a phase error qual-
ity of the frequency estimates of the predetermined
frequency. ,

FIGURE 2
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