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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, 

5 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 

10 Pan-European mobile radio system referenced 0-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 frequency band is subdivided into separate frequency bands 

and a specific number of subscriber channels are accommodated in each separate 

15 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-

20 Netz", G. Frank, W. Koch, PKI Technische Mitteilungen 111990, 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 

25 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 fre.quency correction burst. For detecting the frequency 

correction burst and thus for identifying what is commonly referred to as the Broadcast 

5 Control Channel (BCCh), a recognition arrangement designated as BCCh recognition is_ 

provided. The recognition arrangement searches a signal that can be derived from the 

received digital signal for pulses in the fre.quency 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 

10 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 

15 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 ci!cuit of the mobile radio receiver on the basis of a rather 

large number of frequency estimates of the frequency estimation arrangement. 

20 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 

25 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 

30 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 

5 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 

10 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 

15 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. 

20 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 

25 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 

30 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 use.d for detecting the pulse positions of the frequency correction burst, are 

S 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 

10 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. 

15 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 

20 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 

25 quality parameter from the reciprocal value of the squared distance of the estimated and 

the reaJ. 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 

30 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. 

In the following the invention will be further explained with the aid of the 

5 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 

10 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 

15 for initial synchronii.ation with the blocks involved in the initial synchroni7.a.tion 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 nprmal and quadrature components I, 

Q, a two-channel conversion to the baseband is effected as described, for example, in 

20 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. 

25 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 

30 arrangement 7 determines a frequency deviation signal r as well as a second decision. 

signal b. The decision signals a, b are applied to an evaluation arrangement Sa whose 

output signal drives a control arrangement 8. The output signal T of the recognition 

arrangement 6 and the output signal r 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, 

and supplies clock signals tl, t2 to the recognitio~ arrangement 6 and the frequency 

5 estimation arrangement 7 respectively. 

The mode of operation of the mobile radio receiver 2 with respect to the 

basic initial synchroni2:ation 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 111990. The mode of 

10 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 

15 signal z derived from the received digital signal. This derived signal is multiplied by a 

predeterminable first mixing signal ml 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 

20 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 

25 burst, and the signal U indicating their associated pulse height, so that in the following 

also the reference character tis 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 tis applied to an averaging circuit 14 at whose output a signal 

Tis present which indicates the pulse position of the frequency correction burst. The 

30 signal U is transported to an 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 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. 

The digital signal z is processed, in essence, in the manner already 

5 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 

10 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 tl, 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 

15 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 . 

20 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 = 
25 Et. Us/EUs. 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 

30 description with reference to Fig. l, by the evaluation arrangement Sa 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 synchroni7.ation 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 

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 

5 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 (Cordie 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 

10 corresponding to the phase, from which a phase Tz 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", PK.I Technische Mitteilungen 111990, pp. 43 to 49. At the 
A. 

15 output of the arrangement 24 for performing the linear regression, signals s, SN are 
A. 

available; the signal s signifying frequency estimates and the signal SN signifying the 

squared distance between the estimated and the real phase variation, so that in the 
A. 

following the reference character s is also used for signifying one frequency estimate 
A. 

and the reference character SN is used for signifying the squared distance. The signals 

20 is applied to an averaging circuit 25 at whose output a signal r is available signifying a 

frequency deviation. The signal SN 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 

25 an arrangement 27 which discards the signal values of the quality parameter that fall 

short of a pre.determinable threshold. At the output of the arrangement 27 a modified 

quality parameter g8 is available which is applied to the averaging circuit 25 for a 

weighted averaging. The modified quality parameter g8 is further applied to a decision 

arrangement 28, 29, 30 at whose output a second decision signal b is available. The 

30 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 r 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 

5 6. The values not stemming from a frequency correction burst are then discarded. In the 

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 phase variation T is 

established in that all phase jumps in the calculated phase Tz are discarded (phase 

10 unwrapping), which phase jumps may be reduced to the fact that the calculated main 

value of the phase Tz is limited to the range ±'I', 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 
A 

the frequency estimates s, as this has also been described in the article entitled 

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

20 

A 

111990, pp. 43 to 49. The frequency estimates may then be calculated in accordance 

with the following equation: 

M 
§ = c• L m[<,0(M+m+l)-<,0(M-m+l)]; M=(N-1)/2; Nodd 

m=l 

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 

implementation for calibrating the measured values. Subsequently, in the averaging 
A 

25 circuit 25, a weighted averaging is performed of all the frequency estimates s available 

30 

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 r: 

I I 
r 1 = L gs(i) ·.§(i) IL gs(i) ; 

i=l i=l 

Here I 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 r, 
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; is averaged. with 

a weight that corresponds to the modified quality parameter Is of the frequency 

estimation. For determining this quality parameter the arrangement 24 also determines 

the squared distance SN of the estimated and real phase variations in addition to the 
A 

5 frequency estimates s. A possible way of calculating SN is: 

N 
SN = N L cp2 (n) 

n=l 

In the reciprocator 26 the reciprocated value of the squared distance SN is calculated. In 

10 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 

g8 for the weighted averaging in the averaging circuit 25 has increased will the required 

accuracy for determining the frequency deviation r under conditions of fading be 

obtained. A second improvement of the frequency determination is achieved when the 

15 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 

20 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 

25 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 predeterminable frequency in 

the digital signal (e) and for determining their pulse positions (t), and a frequency 
,... 

5 estimation arrangement (7) for forming frequency estimates (s) 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). 

10 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 

15 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 

20 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 (m 1, 

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 l to 4, 

25 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, 

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 
A 

(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 

10 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 

(SN) of the estimated and the real phase variation. 

15 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 
A 

number of frequency estimates (s) of determined frequency correction bursts and the 

individually assigned quality parameters (g) for the tracking by the oscillator of the 

20 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. 

25 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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ABSIRACI 
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 

S their pulse positions (t), and including a frequency estimation arrangement (7) for 
A 

forming frequency estimates (s) 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 

10 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 

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 (TOMA}. 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 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 0-

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 receiv~r 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 l48 zeroes which arc transformed 
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by means of a specific modulation method, for example, GMSK modulation, i to a pure -----------------J 
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 

received digital signal for pulses in the frequency correction burst. !his search is made 

in a plurality of successive observation intervals. Pulses whose pulse position in time 

and whose maximum value are detennined 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 

l;trge 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 mentione.d 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 .~rom 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 whic 

:i 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 funher 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 pul5e 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 thC: 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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•. characteristic can be utilized as a low pass filter here. 

Rectir.gularly-: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 farther enhanced by means of a squaring operation instead of a 
. ·. 

value generation. A fast and reliable detection of the pulses is effeeted 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 predetenninable 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 b~~sts 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~......,--------1 

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. l 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, Qare 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 r as well as a second decision 

signal b. The decision signals a, bare applied to an evaluation am.ngement Sa whose 

output signal drives a control arrangement 8. The output signal T of the recognition 

arrangement 6 and the output signal r of the frequency estimation am.ngement 7 are 
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also applied to the control arrangement 8. The control arrangement 8 is connec 

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, 

and supplies clock signals tl, a 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 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 ml 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 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 l7, 
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•. 18, 19 at the output of which a first decision signal a is present. The decisio 

.__~~--~~--~~ 

arrangemen~ 17, 18, l 9 comprises a threshold switch 17, a succeeding counter 18 a., 
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 tl, 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 in~lude at least a frequency correction burst. To increase the detection reliability. 

the maximum-recognition arrangement 15 repeats the search for the maximum pulses ill. 

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 = 

l:t. Us/I:Us. 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. l, by the evaluation arrangement Sa in Fig. l. 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 ~civer with a base station. 
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Fig. 3 shows an embodiment of a frequency estimation arram!etrretriL"'"fblr---......J 

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. (Cordie 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 Tz 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 s, SN are 

" available; the signals signifying frequency estimates and the signal SN 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 SN is used for signifying the squared distance. The signals 

is applied to an averaging circuit 25 at whose output a signal r is available signifying a 

frequency deviation. The signal SN 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 gs is available which is applied to the averaging circuit 25 for a 

weighted averaging. The .modified quality parameter g5 is further applied to a decision 

arrangement 28, 29, 30 at whose output a second decision signal bis 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 r between the local oscillator of th:.ermft.0M'i11 l;;"e"'P.ntm-----' 

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 continuou~ phase variation T is 

established in that all phase jumps in the calculated phase Tz are discarded (phase 

unwrapping), which phase jumps may be reduced to the fact that the calculated main 

value of the phase Tz is limited to the range ±-r, while the sought phase of the received 

digital signal shows a continuous variation and may adopt random values. Based on thi:; 

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 Techrusche Mitteilungen 
.... 

1/1990, pp. 43 to 49. The frequency estimates may then be calculated in accordance 

with the following equation: 

M 
§ = c • 'E m [ cp (M+m+l) -cp (M-m+l) ] ; M = (N-1) /2; N odd 

m='l 

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 

implementation for calibrating the measured values. Subsequently. in the averaging 
.... 

circuit 25, a weighted averaging is performed of all the frequency estimates s available 

at the output of the arrangement 24, so ~hat at the output of the averaging circuit 25 the 

following value is produced for the frequency deviation r :. 

I I 
f

1 = 'E gs(i) ·~(i) IE gs(i) ; 
i=l i=l 

Here I 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 r, 
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 ; isa :::v::-.::cra=::g:".:ed~wi~i:.-----.J 

a weight that corresponds to the modified quality parameter~ of the frequency 

estimation. For determining this quality parameter the arrangement 24 also determines 

the squared distance SN of the estimated and real phase variations in addition to the 
.... 

frequency estimates s. A possible way of calculating SN is: 

N 
SN = N L 'P2(n) 

n=l 

In the reciprocator 26 the reciprocated value of the squared distance SN 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 

g8 for the weighted averaging in the averaging circuit 25 has increased will the required 

accuracy for determining the frequency deviation r 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 7:1 

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. l 

and is also described with respect to Fig. l. 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 
A 

estimation arrangement (7) for forming frequency estimates (s) 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 (~. 

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/~r 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 (m 1, 

m2), with a succeeding low-pass filter ( 11, 21) specifically one with a linear phase shift 

as a function of frequency. 

S. Mobile radio receiver as claimed in one of the Claims l 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 pre.determinable 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 ~requency 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 

(SN) 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 (r) from a predeterminable 
A 

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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MOBILE RADIO RECEIVER FOR A ~IO 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 
A 

forming frequency estimates (s) for the predeterminable frequency. The initial 

synchronization of the mobile radio receiv.er with a base station is then to be improved. 

For this purpose there is proposed that the recognition arrangement (6) 

comptjses 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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MOBJIE RADIO BECEIVER FOR A RADIO 
TBANSMISSION SYSIEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a mobile radio receiver ror a 

radio ttansmi!SSion system, such receiver comprlsing a 
recognition arrangement for searching a~ digi­
tal signal for· p~ of a f.cequency ·correction bmst 
contained with a predeterminablc freqaen.cy m th• digi­
tal signal and for detet n•jning their pulse positions, and 
a frequency estimation arrangement for deriving fre­
quency- esthnates or the predeterminable frequency. 

The invention. further relates to a radio u•mmission 
system iaclades such a mobile radio RCeiver. 

2. Description of the It.elated Ait 
Mobile ndioreceivers of tbis tJpa are necessary. for 

example, for· the Pan-European mobile radio system 
ref'mced D-network in Getn>an In tbis mobile ndio 
system, for mple,· speech signals are·aansmiitecf in 
digitized form along'With other digital signals byW.y of 
a T~Divisioa ·Multiple Access method (TDMA). 
For this pmpose,·the available frequency band is subdi­
vided into.separate frequency bands and a specific num­
ber or subscDOer channels are ~ in each 
separate frequcney. band in the time-division multiplex 
mode. The method of accessing within a radio cell is 
synchronous Le. tbe separate time slots are organized in 
frames. When. a CO!lDecUOll is set up between a base : 
station and a mobile radio station, there is the xesulting 
problem of initial synchrcmmtioD. 

Jn the article mtitled "Anfangssynchromsation der 
Mobilstation im D-Netz". G. Fmnk, W. Koch, PIO 
Tecbnische Mitteihmgen 1/1990, pp. 43 to 49, a mobile : 
ndio receiver of the type mentioned in tbe opening 
pmigraph is descn"bed. For initial synchrorri?ation in 
that ammgemmt a frequency correction burst (PCB).is 
transmitted along with ether information signals be­
tween a base station and the mobile radio receiver over 
a broadcast control cb•nnel CBCCh'\. This ~cy 
couection bmst is used for fine frequency synchi'oniza· 
lion of the mobile mlio xeceiver with the base station 
and for coarse synchronjDtion with regard to the 1ime 
slot posi1ion. The freqaeDcy correction burst CODSists of 
a sequmce of 148 zeroes which are 1raDsformed by 
mNDS of a specific modulation method. for emmp1e, 

I 
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. digital signal by the fiequem:y of the frequency ccmec- '--------.-! 
1icm bmst. Por delec--tiag1hefieqaency ccmection bm:st 
and thus identifying wbat is commonly referred 10 as 
the l1roadcast .Control Channel (BCCh), a recognition 
ammgement designated as· BCCh m:opition is pro-

. vided. The recognition ammgement seaxches a signal 
that can be derived f%Om the received digital signal for 
pulses ccmespcmcting to1he bquel1cy correction bmst. 
This search is made ma plmality of successive Observa­
tion intervals. Pulses whose position in time and whose 
maximum value me determmed are derived from the 
·fiequency coaection. burst. A cdtet:ion for the actually 
received · frequmcy ··correction bunt is the average 
height of the detected pulses. If no freqnency correction 
burst is found, a control unit uses a new frequency chan­
nel for a further ·search. Ir the frequency correction 
burst has been positively recognised, the time shift of 
the frequency con-ection bmst is determined . on the 
basis of the position in time of the mamnums of the 
detected pulses •. Subsequently, a frequency estimation 
arrangement· is activated which derives frequency esti· 
mates of the frequency of the frequency cmrection 
bum. Then, a frequency-tracking value is determined 
for a local oscillator arranged in the HP section or the 
mobile radio receiver on the basis of a rather large 
DmDber of frequency ~ates of the frequency estima­
tion arrangement. 

SUMMARY OF THE INVENTION 

It is an object of the invention to improve the initial 
synchronization of a mobile mdio receiver with a base 
station in a transmimon. system of the type· descnDecl 
above. 

This object is achieved by providing the receiver 
with a recognition arrangement which comprises an 
averaging circuit for averaging with. weight factois tbe 
pulse posi~ons that have been determmed in succeaive 
observation intervals, the weight facton being depen­
dent on the individual pulse heights of. the pulses. 

An input signal of the recognition ammgement may. 
for example, be the digital signal, or a signal that can be 
derived from the received digital sipal and is produced 
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band sipal of the received cligita1 signal Such DI• !P111-----_J 
~gnat is &st filtered by means of a mrrow bandpass 
filter whose bandwidth is harmonized with tbe mai-
:mmn 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 js 
determined, as a result or which a one-timeslot-long 
rectangularly-shaped pulse characteristic of the fre-
quency correction bmst is produced. Such a r.ectanp-
lar pulse is mtered by means of a matched filter. The 
detection of the pulse ~ODS is then effected by deter· 
mhdng the maximum of the output sipal of the 
matched filter within an observation mterva1. The ob-
servation interval has a length at least u long as the 
largest distance. between two successive pulses which 
are based on the frequency correction burst. Detmmin-
ing the position of the maximum in the observation 
interval provides the information about the nulse rosi-
tion. ne mayjm1nn then always cbaraCterizes the end 
of a. frequency coaection burst. The successively pro-
vided weighted averaging of the· p1Jlse positiom ·thus 
determined within successive observation intervals pro-
vides a high depee of evaluation accuracy. The averag-
ing circuit then weights the pulses determmed within 

. successive observation intervals in accordance with 
their individual pulse heights. An enhanced accuracy js 
obtained when the number of averaginp is increased. 
The improved evaluation accmacy also provides an 
improved- initial synchronjzation of the mobile radio 
receiver with a base station. . 

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

A further improved evaluation accuracy is achieved, 
in tbat the recognition arrangement comprises a tint 
threshold former provided for taking only the pukes 
into accomt whose pulse heights exceed a predetermi­
mable threshold. 

An accurate detection of the exact pulse position js 
made pos511>1e, in that the recognition arrangement and­
/or the frequency estimation arrangement comprise(s) a 
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bandpass ruter for filtering the digital signal and a signal 
that can be derived from the digital. signal respectively. 

· Alternatively, a frequency mixer may be provided for1..--------
the complex muJ.tiplication or the digital signal or the 
signal that can be derived from the digital signal by a 
ptt.detemrinable mixing signal, with a succeeding low-
pass filter especially one with a linear phase shift as a 

· function of ~uency. The multiplicati.on produces a 
frequency shift of the signal that ci.1l 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. Due -to the 
highly Hnear phase shjft as a function of frequency o_f 
the low-pass mter, i.e. a grc)up delay which is as flat as 
possil>le, accurate detection of tbe exact pulse positions 
is possiole. :especially a filter having the Bessel chanc­
tadstic cm.be utilized as a low pass filter here. 

llectaugularly-shaped pulses having a dmatioa of a 
time slot, which are. then used for detecting the pulse 
positions oftbe frequency correction ~.are obtained 
in that 1he recognition ammpmem. comprises a value 
genemtor or a squaring circuit respectively,· after the 
bandpass and the low-pass filter respectively. The de­
tection reliahDity iS farther enhanced by means of a 
squaring opemtion.instead of a value generation. ·A fast 
and rcf13bJe detection of the pulses is effected in that the 
recognition arrangement comprises a mst decision ar­
rangement which is provided for deteuoining a first 
decision signal taken into account when the frequency 
couection burst was determined, by checking whether 
in a predeterminable number of observation intervals at 
least one deteuoined pulse exceeds a predetermmable 
threshold. This does increase the probability of a pulse 
simulatiOllf it is true, but the probability of a pulse that 
is not recognised is reduced more than proportinaa11;y. 

An even greater reliability with respect to the deci· 
sion whether a frequenc:y correction burst is present is 
achieved, in that the frequency estimation arrangement 
comprises means for forming a quality parameter as-­
signed to each determined frequency estimam, which 
quality parameter can also be used for determining the 
frequency correction burst. A further enhanced reliabil­
ity with the detection of the freQuency correction burst 
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. js provided. in that the frequency estimation amm~------.-1 
:ment compmes .a second .decision ar.rangement for de-
riving a seccmd decision sigm1 ialcen iD1D account for 
determining the frequency cmrectian burst. 

A posa"bleway of com1•ating the qualityp.mDeter is 
found, m that the means forfomringthe qualitypatame­
ter comprises a reciprocator provided for determining_ 
the quality parameter fmm the reciprocal. 'Yalue of the 
squared distance of the estimated and the real phase 
variation. 

A reliable determhlation of the ·frequency deviation 
between the local oscillator and the ascillator of the 
base station is made, in that the fiequency estimation 
arrangement comprises an avemging circuit provided 
for forming weighted averaged estimates from a ptede­
texminable mber of frequency estimates of deter­
mined frequency correction bursts and the individually 

. assigned quaHty parameters for the tracking by the 
oscDJator or the mobile radio receiver. 

Determining the frequency is improved, in tbat the 
frequency estimation arrangement comprises a second 
threshold form.er provided for taking into account only 
the quality parameters that exceed a predeterminabJe 
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: 

FlG. 1 shows a radio transmission system comprising 
a base station and a mobile radio receiver, 

PIG. 2 shows an embocHnumt of a recognition ar­
rangement of a mobile radio receiver; and 

FIG. 3 shows an embodiment of a frequency estima­
tion arrangement of a mobile radio receiver. · 

DESCRlPTION OF 11iE PREF'ERRED 
EMBODIMENTS 

. . 

FIG. 1 shows a radio transmi•on system comprising 
a base station 1 and· a mobile mdio receiver 1 For tbe 
mobile radio receiver 2 only the basic arrangement of 
the circuit blocks involved in the initial synchronization 
is iepresented. Such a mobile radio receiver 2 can be 
used, for example, in the GSM s)'Stem. A received digi­
tal signal e.is fiat ~pplied to a HP receiving ciicait3. Br 
means of a baseband conversion·cimdt 4 for.~cing 
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nomm and quadrature compnnems I, Q, atw.:>CltamMl----""'.'""--_J 
conveaion to the baseband is effected as dacribed, for 
example. in DE-A.39 38 126.9. The qaadmtme compo-

. mmts L Q am sampled m aaanalog-to-digit convecter 
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 imagjnary 
component ( ==quadratme component). The signal z is 
applied to a recognition arrangement 6 and/or a fre.. 
quency estimation ammgeme•d 7. _. 

In the recognition arrangement 6 the digital signal z is 
searchecl 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 ftequency COfl'ecdon. burst, and 
also produces a first decision signal a. 

On the basis or the frequency estimates the frequency 
estimation arrangement 1 detez mines a frequency devia­
tion signal f' as well as a second decision signal b. The 
decision SignaJs a, b am applied to an evaluation. ar­
rmgement Ba whose output signal drives a control ar­
ran1emeu.t 8. The output signal T of tbe ncognition 
amnpment 6 and the ouqmt signal r ofthe·frequency 
-estimation arrangement 7 me also applied to the control 
rmpmmt 8. nae control ammgement 8 is comiected 
to the HF.section3 for canmg·the freqamcy of a local 
oscillator in the HF section 3 to follow the oscillator 
frequency of the transmitter l, and supplies clock sig­
mls tl, t2 to the iecopiticm arrangement 6 aacl the 
frequency estimation auuip""mt 7 respeclively. 

The mode of opm:aticm of the mobile radio-receiver ·2 
with respect to the basic ;,ritial synchronization Ce­
twcen mobile radio receiver 2 and base station i is fur­
ther d~ in the article entitled above-referenced 
PX.I article. The mode of operation of the recognition 
arrangement 6 and the frequency estimation arrange­
ment 1 will be further explained in conjunction with the 
drawing FIGS. 2 and 3 • 
. PIG. 2 shows an emboc.timent or a recogn(tiOD ar­

rangement 6 for a mobile ndio receiver 2 as it is shown 
in FIG. L The reference cbaractets 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 sjgnaJ is multi­
plied by a predeterminable first mixing signal ml m a 
fmquency mixer t. A value generator :l2 is provided 
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after an amplitude control (AGC) amngeuient 10 rc .... ---------..1 
lowed by a low-pass filter 11. The recognition arrange-
ment 6 further includes ·an. optimal matched filter 13 
(MF). The matched filter 13 produces an output signal 
i, which includes the pulses in the frequency conection 
burst, so that in the following the reference cbaracter i 
is also used for refereDcing those pulses. The output 
signal i is transported to a mamnmn·recopition ar-
rangement 15 for derecdng pulses of maximum height. 
The maximnm-recognitioa arrangement is _.supplied 
with a first clock sipaJ tL At the output of the max-
imum-recognition ammgement 15 signals t, U are avail-
able, the signal t being the positions ·of the pulses i in the 
frequency carrection burst. wt. the signal U featuring 

. their associated pulse height, so that. in the following 
also the refereDQe c1macter t is used for identifying a 
pulse position, i.e. of a determined pulse in the burst, 
and the refmmce character U is used for deno1ing the 
associated pulse height. ne signal t js applied to an 
averaging chcait 14 at whose output a sipa1 T js pres­
ent which indicates the. pu1se position of the frequency 
correction bunt. The signal~ is traasported to a tbresh­
olcl pte ammgcmeat 16 which. discards the pulse 
heiahts :U that fall short or a predetemliaable thresholcL 
At the output of the auaugemem 16 a moctifiod signal 
Us is present which is ~pplied to the averaging circuit 
14 for determining a weighted averaging. The modified 
signal Us is also applied to a decision arrangement 17, 
18, l9 at 'the output of which a fiat decision signal (a) is 
produced. The decision ammgement 17, 18, D com­
prises a threshold swit.ch 17, a succeMing counter 18 as 
well as a decision circuit 19. · 

The digital signal z is processed in FIG.Zin essence, 
in the manner already described in the above-referenced 
PICI article, except for the proceuing of the signals t, U 
at .the output of the mamnum-recognition arrangement 
15. By merely generating a squared value insteacl of a 
normal value of the output sipa1 of tbe low-pas$ filter 
11, the value generator 12 can enbanc.e the detection 
reliability. Besides, the low-pass filter 11 advanta­
geously has a linear phase shift as a function of fre­
quency as this is poss1"ble, more specifica11y, with a low-

; pass filter 11 having Bessel characteristics. The max­
immn-recognition urangement 15 determines a .pulse 
position t relative to each first dock signal tl, where the 
Pf:rlod of the clock signal t1 cou~ds to the length 
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of an obserVatioD in1ervaL The seat'Ch of the nmaia:pm:a·m113mF------...... 
recopition airangem.ent 15 always relates to an oll-.tP-r-..·------­
vation interVa1 which is selected to be so large as to 
include at least a freqaency correction bunt. To in-
crease the detection mliabJDty, the .mgimmn-recogni-
tion arrangement 15 repeats the search for the maximum 
pulses ma plurality of successive observation in~ 

The averaging circuit 14 averages th= pulse positioDS 
t determined ·in successive observation intervals with 
weight factors. The pulses t whose pulse heights U fall 
short of a predetenninecl thresho1c1 are~ for the 
weighted averaging. The pulse heights Us assiped to 
those of the pulses t which ~ the threshold deter­
mined by the threshold gate 16 are used as weight ~ 
tois for the l"""aming pulses t. Thus, the foDowing 
holds for the formation of the output signal T of the 
recognition amngement 6, which signal signifies the 
pulse position of the frequency correction burst: 
T ==~t.Us/%Us. For deciding whether a pulse bas or has 
not been determined to be a pulse or the frequency . 
correction burst, the output signal Us of the arrange­
ment 16 is evaluated in the decision ammgement 17, 18, 

D by way of the threshold switch 17, the counter 18 
and the decision circuit 19. 1be 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 8a in FIG. L The measures described with Eefer. 
ence to FIG. 2 decidedly improve the detection reliabil· 
ity or 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 .emboclimcnt of a frequency estima­
tion ammge:mcnt 7 for the mobile radio receiver 2 
shown in PIG. L The frequency estimation aua.nge­
ment is supplied with a signal z that can be derived from 
the received digital signal e. Subsequently, a band limi­
tati.on takes place which is performed by an equivalent 
arrangement comprising a frequency mixer 20 and a 
succeeding low-pas filter 21. The fiequencymixer 20is 
supplied with the signal z as wen as a second mixing 
signal Dl2. After the low-pass filter 21, phase calculation 
·arrangements 22, 23 (Cordie algorithm and phase un­
wrapping) are provided, the amngemcmt 22 being sup­
plied with a second clocksipal t2. The ammgement .22 
procluc:es at its output a signal" cp conesponding to the 
phase, from which a phase +z with a constant phase 
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variation is calculated in the arrangem.eni 23. The ~~----------.....! 
quency estimation ammgemmt 7 futther includes an 

· ammgemmt 24 for performing a linear regression cal­
culation like the one that has already been described in 
the article entitled above-referenced PKI article. At the 
output of the~ 24·for petformmg the~ 
regression, signalsf, SNare available; the signal tfeatar­
ing frequency esdmates and the sipal SNfeaturiDg the 
squared ctistance between. the estimated and the real 
phase variation, so that in the foDowing the' ref"erence 
character i is also used for signifyiug one frequency 
estimate and the· reference character S.Nis used for signi­
fying the squared distance. The signal~ is applied to an 
averaging circuit 25 at whose om.put a signal f' is avail­
able signifying an average frequency deviation. The 
signal SNis applied to a reciprocator 26. At ~e output 
of the reciprOCator 26 a Signal g is available which is 
used as a quality pammerer for expressing the reliability 
of the frequency esdmate in question. which Agnal will 
also be referenced quality parameter gin the following. 
The quality parameter is transported to a threshold gate 
arrangement 27 which discards values ~f tbat fall 
short of a predeteJ:minable. threshold. At ·the output of 
the artangement rt a modified quality parameter •is 
available which is applied to the averaging circuit 25 for 
a weighted averaging. The moctiffecl quality parameter 
1sis farther applied to a decision arrangement 28, 29, 30 
at whose output a second decision signal (b) is available. 
The decision ammgement 28, 29, 30 comprises a sum­
mator 28, a succeed;ng threshold switch 29 as well as a 
decision circuit 30. 

The digital signal z is processed, up to the detmmina­
tion or the signals g, (b), substantially in the above­
referenced the way already descn"bed in the above­
referenced article. The frequency deviation r between 
the local oscillator of the mobile mdio receiver and a 
base station is then determined in the frequency 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. Jn 
the phase calculation ar.rangement 22 there is first a 
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calculation of the main value of the phase of the m-
plex '.baseband signal z, ~or example, by means o~~e~----__. 
CORDIC algorithm. Sutisequently, in the aaangement 
2S .a continuous phase varlatioD 4> is established in that 
all phase jumps in the calcaJated phase 4>zare discarded 
(phase unwrapping), which phase jumps may be dis-
.carded due to the fact that the calculate:d main value of 
the phase ~ is limited to the range :i:w, while the 
searched for· phase of the received digital signal shows 
a continuous variation and may adopt rmdom values. 
Based on this continuous phase varlation • ammge-
ment 24 performs a linear regression to calculate the 
frequency estiHmtes t, as tlds bas also been descnl>ed in 
the above-referenced PICI article. The frequency esti-
mate t may then be calculated in accordance with the 
following equation: 

A M . 
• =- t:• % m[+cM + 111+1) - +<Af-111 + 1)]; 

m•l 

II= (Ji - 1')12; Nodd 

N here denotes the number at measured values per 
frequency correction burst. The linear regresRon is 
only perfomed for the dmation or a frequency correc- . 
tion bmst. The initial factor c tabs into account the · 
proportioml control factor yielded by the selected im­
plementation for calibrating the measured values. Sub­
sequently, in the averaging circuii 25, a weightecJ aver­
aging is performed of all the frequency estimates t avail­
able at the output of the arrangement 24, so tbat at the · 
output of the avmging chcuit 25 the following value is 
produced for the frequency devia1ion r: 

. 
Here I characterizes the number of measurements that 
have taken place. The result of the weighted averaging 
is available at the output or the averaging circuit 25· as 
signal £", which features the frequency deviation be­
tween the local omllator and the oscmator of the base 
station. for the weighted averaging, each frequency 
estimate iis averaged with a weight that corresponas io 
the modified quality parameter •of the frequency esti­
mation. For detemlining this quality pammeter the 
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ammgement 24 also determines the squared distance 
SNOf the estimated and real pbase variations m addition 
to the frequency esti•••mst. A possible way of calculat­
ing SNis: 

In the reciprocator 26 the reciprocated Value or the 
squared distance SN is calculatecl. In this manner 'the 
quality parameter g is obtained to judge the reliability of 
the frequency esdntate concerned. Not until this quality 
parameter g or the modified quality parameter g,for the 
weighted avemgbig in the avemging circuit 25 has in­
creased will the required accuracy for determining the 
frequency deviation r under conditions of fading be 
obtained. A second improvement of the frequency de­
termination is achieved when the quality parameter g is 
modified by a suitably selected threshold in the arrange­
ment 27 before being averaged. AD 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 • 29, 30 which operates in corresponding fashion 
to the decision arrangement descn'bed with respect to 
FIG. 2. The dccision signal (b) is also used for deter· 

. nriningldetecting the ~ency correction burst, and to 
form, mmUar to signal (a) m FIG. 2, a second decision 
sipal for deciding on whether a frequency conection 
burst has been. found or not. For producing the decision 
signal (b) an determined. moditied quality parameters 
are added together m summator 28. 'lbe output signal or 
the snmmat.or 28 is applied to the threshold switch 29 
and the succeeding decision circuit 30. 
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CLAIMS l 
LA mobile radio receiver !or-ma~ ma.m•· :.__ ____ _ 

sicm iysteD1 wherein a transmftted radio signal c:om-
prises a carrier wave mocfnlued ii! ~~ with a 
--~ ..z:m.e1 • at which--:M;~nvjnCbJdcs,at ua&aWLH~m~-•IPL ~J • 

a predeteuoined frequency, a &equmcy correcliOD 
bmst·in the form a series oCplJlses;the_~ of the 
pulses in said fieqDmcy coaectioa buat -~~ a 
&equaey deviation rrom the fEeqacnC1 or said earner 
WAVA- AAid. ~er cmnmisinst: . 
radiO frequency· receiving meam for receiving the 

transmitted ndio signal and, by mjgjng with a local 
oscillator signal and further processing, dedviag a 
digital signal from the tn'"snritted radio signal; 

recognition circuit means coupled to said mdio fre­
quency teeeiving means to receive tbe derived 
digital signal therefrom and, during successive 
observation intervals. to {i) semch thD derived digi­
tal signal to detect pulses therein of said frequency 
correction burst and produce a time aigml (t) imic­
ative of the time positions of said pulses, and ("u') 
derive from the time signal (t) a time position signal 
(T) indicative of the time position of said frequency 
coneetion burst in said derived digital signal; · 

frequency estimating circuit means c.oupled to said 
radio frequency receivllig means to receive· the 
derived digital sipal and, during each of said ob­
servation intervals, produce therefrom a frequency 
deviation signal (f') indicative or an estimated value 
of said freauencv deviation: and 

control means coupled to said i:ecognitjon chcait 
means and to said frequency !fSlim•ting ch:cait 
means for ~ving said time position signal Cl) 
and said frequency deviation signal (f) and produc­
ing therefrom a control signal for application to 
said radio~ means to control the frequency 
of said local osciDator .signal so as to track the. 
frequency of said carrier wave; 

said receiver being chancterlzed in that said recogai- . 
tion circuit means comprises: . . . . 
pulse height .detecting meians for producing a. pulse 

beight signal (Us) indicative of the heights or 
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 m 
accordance with the pulse heights indicat:ed by 

111111111111111111111111111111 
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; the pulse heiaht signal (U~, the weighted aver-
age so derived constituting said time position .__ _____ _ 
signal (I'); and 

first vaJidatioD citcuit means for receiving the pulse 
height signal (U.r), detrmrining therefrom the 
number of pulses in a predete:rmincd plurality of' 
said observation intervals which . exceed said 
predetermined threshold height, and producing . 
a first validation signal (a) indicative of whether 
said time position Signal (T) actually relates to a 
frequency correction bunt 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 or a bandpass filter for the derived digital 
signal and a frequency mixer for mixing tho derived 
digital signal with a local mjxblg signal, in each' case 
followed by a lowpas filter having a.linear phase shift 

. as a function of frequency. 
3. A mobile radio receiver as claimed in dajm 1, 

wherein said frequency esti111ating circuit means com­
prises: meas for producing from the derived digital 
signal a .phase error qmlity parameter (&f) relating to 
ph•se error between the derived digital Signal and an 
estimated value of said frequency deviation; and averag­
ing means for averaging· succesdve estimated values of 
said frequency deviation weighted in accordance with 
applicable values of said phase error quality parameter 
(g,). 

4. A mobile radio receiver as claimed in claim ~ 
wheiein said frequency esdmating circuit means com­
prises second validation circuit means for receiving said 
phase cno.r quality paiameter for successive observa­
tion intervals. detemdnin1 whether said parameters 
conform to a predetermined decision criterion applica­
ble to a frequency correction burst, and producing ·a 
second validation signal (b) indica1ive of whether said 
frequency deviation signal (f') actually relates to 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 mesms com­
prises second validation circuit means for receiving said 
phase error quality parameter for successive observa­
tion intervals, determining whether said pammetem 

--·--·-------------
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cxmform to a predetermined decision criterion applica­
ble to a frequency cmrection burst, and producing a 
second validation signal (b) indicative of whether said 

· trequency deviation signal (f) actually relates to a fre.. 
queney correctiOD buISt included in the derived digital 
signal. 

6. A mobile radio receiver as claimed in claim 5, 
further comprising evaluation circuit means coupled to 
said first and second validation circuit meam to receive 
the first and second validation signals (a) and (b) and 
producing therefi:om an evaluation signal for applica­
tion to said control means to provide farther assuranco 
that the frequency of said local oscilJator signal tracks . 
the frequency ot said carrier wave. 

7. A mobile radio ·receiver as clajmed 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 (SN) between an 
estimated phase varlance and an actaal phase variance 
between said carrier wave and said esUmated frequency 
deviation signal (f'). 

* * • • • 
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A mobile radio receiver for a digital radio tm>smission 
system includes a reeognition ammgement (6) for-· 
searching a rec:eived digital signal for pulses (i) or a 
frequency correction bmst which recurs with a prede­
termined frequeney in the digital signal and for deter­
mbring the pulse positions (t). A frequency estiniation 
amangement (7) derives estimates of the predetermined 
frequency. In order to improve the initial synchrmdza-

. tion of the mobile radio xeceiver with a base station, the . 
·recognition ammpment includes au averaging chcait 
(14) which averages with weight factors (Us) the pulse 
positions· (t) that have been dete.rmmed in successive 
observation intervals, the weight factors (Us) being 
propOrtioaal to the individual pulse heights (tJ). 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 amplitwles 
above a selected threshold level dming a selected inter­
val, and further evaluation based on a phase mror qual­
ity of the frequency estimates of the predetermined 
frequency. 
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