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(57) Abstract
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The present invention relates to a method for determining the speed of a terminal equipment and a receiver in a radio system using a
time division multiple access method, which receiver comprises means (202, 502) for sampling the received signal. In order to determine
the speed of the terminal equipment advantageously, the receiver comprises means (202, 208, 500) for forming a parameter proportional to
the mean strength of the signal envelope during a time window at most half a time slot in length, in each received time slot by using at
least two time windows, and means (208, 500) for calculating the variation of the envelope by time slots on the basis of the parameter, and
for averaging the derived variation value over several time slots, and means (210, 212) for comparing the averaged variation value with the
calculated reference value, and for indicating the speed of the equipment.
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1

METHOD FOR DETERMINING THE SPEED OF A TERMINAL EQUIPMENT AND A
RECEIVER

FIELD OF THE INVENTION

The present invention relates to a method for determining the speed
of a terminal equipment in a radio system using a time division multiple access
method, which method comprises measuring the mean strength of the
envelope of a received sampled signal within a given time window.

BACKGROUND OF THE INVENTION

The present invention is suitable for use especially in cellular radio
systems and also in other digital radio systems where terminal equipments
communicating with base stations move beyond cell boundaries. Information
on the moving speed of the terminal equipment will make it essentially easier
to manage resources of the radio system, such as handover anticipation and
power control optimization.

For example, in a system using small microcells and bigger, so-
called umbrella cells overlapping microcells, it is advantageous that fast
moving terminal equipments are connected to umbrella cells and slowly
moving or stationary terminal equipments to smaller microcells. In this way it is
possible to diminish significantly the number of required handovers and thus
signalling loading in the network.

One known solution for determining the speed of a mobile terminal
equipment is to monitor Doppler shift of carrier frequency. This method is,
however, impractical as it requires a stable frequency reference source which
is expensive.

Another known method has been described in Doumi T., Gardiner
J.G., Use of base station diversity for mobile speed estimation, Electronic
Letters, Vol. 30, No. 22, pp. 1835 - 1836. The method of the reference cited
utilizes base station antenna diversity. The antenna providing the strongest
signal level is always selected for diversity. The frequency shift of the antenna
is proportional to Doppler shift on the basis of which the speed of the
equipment can be deduced.

U.S. Patent 5,396,645 describes a method for measuring the speed
of an equipment. In the method of the reference cited, variations of the
strength of a received signal are measured during a predetermined time
interval and the speed of the equipment is deduced on the basis of this
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variation.

None of the known methods is, however, suitable in a TDMA radio
system where frequency hopping is used, that is, where the carrier frequency
used by the user of the equipments varies by time slots in accordance with
some given variance pattern.

CHARACTERISTICS OF THE INVENTION

The object of the present invention is to implement a determination
method of the speed of an equipment which is suitable to be used in TDMA
systems and in connection with frequency hopping as well as without
frequency hopping.

This will be attained by a method shown in the preamble which is
characterized in that the given time window is at most half a time slot in length,
that a parameter proportional to the mean strength of the signal envelope is
formed during each time window, that in each received time slot the parameter
is measured by using at least two time windows, and that the variation of the
envelope is calculated by time slots on the basis of the parameter, that the
derived variation value is averaged over several time slots, and that the
averaged variation value is compared with the calculated reference value,
which comparison indicates the speed of the equipment.

The invention also relates to a receiver in a radio system using a
time division multiple access method, which receiver comprises means for
sampling the received signal. The receiver of the invention is characterized in
that the receiver comprises means for forming a parameter proportional to the
mean strength of the signal envelope during a time window at most half a time
slot in length, in each received time slot by using at least two time windows,
and means for calculating the variation of the envelope by time slots on the
basis of the parameter, and for averaging the derived variation value over
several time slots, and means for comparing the averaged variation value with
the calculated reference value, and for indicating the speed of the equipment.

The method of the invention has many advantages. The first
preferred embodiment of the invention utilizing partial sample queues is
suitable for use in propagation conditions where a plurality of interferences is
present in the radio channel. The second preferred embodiment of the
invention is suitable for use in a channel with less interference and it is
correspondingly simpler to implement than the first embodiment.



10

15

20

25

30

35

WO 97/31497 PCT/F197/00102-

3

BRIEF DESCRIPTION OF THE FIGURES

In the following, the preferred embodiment of the invention will be
explained in more detail by means of the appended drawings, wherein

Figure 1 illustrates an example of a cellular radio system where the
system of the invention can be implemented,

Figure 2 illustrates an example of the structure of the receiver of the
first preferred embodiment of the invention,

Figure 3 illustrates an example of the selection of the partial sample
queue,

Figure 4 illustrates a diagram of calculating the partial sample
queue,

Figure 5 illustrates an example of the structure of the receiver of the
second preferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates an example of a cellular radio system where the
system of the invention can be implemented. The figure shows a set of small,
so-called microcells 102 to 106 and a big umbrella cell 100 overlapping them.
Each cell is typically served by a specific base station equipment. Microcells
are intended for slowly moving or stationary terminal equipments 110, for
walkers, for example. An umbrella cell serves fast moving terminal equipments
108 placed in vehicles, for example. In order that the terminal equipments can
be maintained in correct types of cells, it is important to determine their moving
speed. It should be noted that the method of the invention may naturally be
applied to other radio system types, such as the GSM system where
overlapping microcells and umbrella cells are not yet in use.

When a terminal equipment having a connection to a base station
moves, the strength of the signal received from the terminal equipment by the
base station varies due to fast fading. It is previously known that the variation
of the signal envelope is proportional to the speed of the terminal equipment.

In a cellular radio environment, a radio channel may be described
as a non-dispersive channel of a single propagation path or a multipath
propagating dispersive channel, depending on how the signal passing through
the channel is delayed and spread in time domain. In the latter channel, the
multipath propagation of the signal and great delay deviation lead to
intersymbol interferences (ISl) of the received symbols.
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When a signal propagates through a dispersive multipath channel,
mainly two interference types white Gaussian distributed noise (AWGN) and
intersymbol interferences (ISI), can be detected in the envelope of the
received signal. When a signal propagates in a non-dispersive single path
channel, white noise is the main interference.

The first preferred embodiment of the invention will be examined
first. This embodiment is suitable for use in an environment where a signal
propagates through a dispersive multipath channel. The preferred feature of
the invention is that on the basis of it, both the effect of ISI and noise can be
removed from the signal envelope without any change to the effect of fast
fading on the envelope.

The solution of the invention will be now examined by means of the
block diagram shown in Figure 2. In the solution of the invention, speed is
estimated on the basis of the variation of the envelope. In order that the effect
of noise and ISS could be removed, partial sample queues and their means
are employed in this embodiment of the invention. Because of frequency
hopping, the variation of the envelope is examined within each time slot.

A received signal 200 is sampled in a prior art sampling means 202
and partial sample queues are formed 204 in a manner to be explained below.
The sampling speed may be one sample per each symbol, for example. The
mean strength of the signal envelope is calculated by using a time window
which is at most half a time slot in length. In each time slot the mean strength
of the envelope is calculated in a processor 208 by using at least two time
windows on the basis of which the mean variation of the envelope in the time
slot is calculated. The mean envelope variation value thus obtained is
averaged further over several time slots. By denoting the mean variation value
of the envelope by D and the received signal by y(t,i) where i indicates the "
time slot, the calculation can be illustrated by the appended exemplary formula
having two time windows for a time slot:

N-1 M- 2
D 8 S04
where N = the number of time slots,
M = the number of sample queues within one time slot,
j = the j™ sample queue,
Y wenet (£+/,7) = the mean comprised by the sample queue in

the first time window, and
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Y quener (t, j,i) = the mean comprised by the sample queue in

the second time window.

The averaged variation value D is compared in a processor 210 in
advance with theoretical reference values stored in some memory element
212, as a result of which comparison a speed 214 of the terminal equipment
will be found out. In a practical implementation the processors 208 and 210
may be the same processor or a different processor, or a corresponding
calculation may be realized by dedicated logic, as is evident to those skilled in
the art.

We shall next examine the forming of partial sample queues in a
signal which is first phase modulated. As in the GSM system, an interference
caused by ISl is a result of symbols with different phases adding together. As
ISI affects only a finite number of adjacent symbols and phase modulation has
a finite number of phases (such as four phases in MSK), it may be seen that
the sample points of some envelope have gone through an equally slow
fading. The samples with an equally fast fading are selected as points of the
partial sample queue. In this case there is no interference caused by IS| within
the partial sample queue.

The forming of a partial sample queue is illustrated in Figure 3. The
figure shows some of the samples in one time slot. The index of the samples
is on horizontal axis 300, the strength of the envelope on vertical axis 302 from
which the effect of noise is removed. In the example shown in the figure, a
group of sample points 304 to 310 has gone through a similar fast fading, for
which reason a partial sample queue 312 can be formed of them. Similarly,
part samples queues 312 and 316 can be formed of other points. The sample
numbers of different partial sample queues may be unequal.

Because of noise, partial sample queues cannot be selected
directly from a received sampled signal but the signal has to be regenerated
before the partial sample queue is selected. The regeneration of a signal is
illustrated in the diagram of Figure 4. The diagram shows more precisely the
contents of block 204 in Figure 2. The sampled signal is carried to a detector
400 which makes a hard decision for detecting the symbol. Hard decisions 202
are conveyed to a burst modifier 204 from which the burst formed of the
symbols is further conducted to a modulator 406. The signal thus obtained is
carried to a calculation processor 412 in which an estimated channel function
410 is received from the detector as a second input. The processor carries out
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a convolution between the modulated signal and the channel function, from
which a regenerated signal 414 is derived. This signal is further conveyed to a
calculation processor 416 that searches the partial sample queues.

The found partial sample queues are mapped onto the envelope of
the received signal. The following example will be examined. It is assumed
that the received signal is y(ti) and the regenerated signal is s(t,i), both |
containing 148 samples [y,, ¥,...., Y.l @nd [s,, s,,..., S,4) in One time slot. It is
assumed that a partial sample queue [s;, S,,, Sq, S1,;] has been found from the
regenerated sample queue. This means that s, = s,, = s, = s,,,. In accordance
with the formula of D shown above then

;q,,e,m(t’j’j) = (ys +y23)/2 and

yqucm:'.’(t’j’i) = (yso +YI21)/2-

We shall now examine the second preferred embodiment of the
invention suitable for use in an environment where a signal propagates
through a non-dispersive single path channel. The preferred feature of the
invention is that its implementation is simpler than that of the above solution
utilizing partial sample queues.

Let us examine the solution of the invention by means of the
diagram shown in Figure 5. In the solution of the invention, the speed is
estimated on the basis of variation of the envelope. The effect of ISI is not
taken into account in this solution model as it is not present on a non-
dispersive channel. As above, because of frequency hopping, variation of the
envelope is examined within each time slot.

Samples 502 are taken from the received signal 200. The sampling
speed may be, for example, one sample for each symbol. The mean strength
of the signal envelope is calculated by using a time window which is at most
half a time slot in length. The mean strength of the envelope is calculated in
each received time slot by using at least two time windows, on the basis of
which the mean variation of the envelope in the time slot is calculated in a
processor 500. The mean envelope variation value thus obtained is averaged
further over several time slots. By denoting the mean variation value of the
envelope by D and the received signal by y(t,i) where i indicates the i time
slot, the calculation can be illustrated by the appended exemplary formula

having two time windows for a time slot:
N-1 2

-3 20,00 6,0.9)
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where N = the number of time slots,

Y ews 1>4,1) = the mean in the first time window, and

Y quene2 (t,j,i) = the mean in the second time window.

The averaged variation value D is compared in the processor 210 in
advance with some theoretical reference values stored in the memory element
212, as a result of which the speed 214 of the terminal equipment is found out.
In a practical implementation the processors 500 and 219 may be the same
processor or a different processor, or a corresponding caiculation may be
implemented by dedicated logic, as is evident to those skilled in the art.

As distinct from the embodiment presented first, in this
implementation the strength of the envelope is calculated by means of all the
samples placed in the time window, whereas partial sample queues were
formed in the first embodiment.

The structures shown in both Figure 2 and Figure 5 are examples of
receiver structures of the invention only in parts essential for the invention.
The receivers of the invention obviously comprise other components than the
ones shown in the figure, such as an antenna, radio frequency parts and
filters, as is evident to those skilled in the art.

Although the invention has been above explained with reference to
the example of the accompanying drawings, it is evident that the invention is
not restricted thereto but it may be varied in many ways within the inventive
idea disclosed in the appended claims.



10

15

20

25

30

35

WO 97/31497 PCT/F197/00102

CLAIMS

1. A method for determining the speed of a terminal equipment in a
radio system using a time division multiple access method, which method
comprises measuring the mean strength of the envelope of a received
sampled signal within a given time window,characterized in that

the given time window is at most half a time slot in length,

that a parameter proportional to the mean strength of the signal
envelope is formed during each time window,

that in each received time slot the parameter is measured by using
at least two time windows, and that the variation of the envelope is calculated
by time slots on the basis of the parameter,

that the derived variation value is averaged over several time slots,
and

that the averaged variation value is compared with the calculated
reference value, which comparison indicates the speed of the equipment.

2. A method according to claim 1, characterized in that the
parameter proportional to the mean strength of the signal envelope is
calculated by forming one or more partial sample queues of the samples of the
received signal, the mean strength being calculated for each partial queue.

3. A method according to claim 2, characterized in that
each partial sample queue is formed of the samples of the envelope whose
fast fading is equal.

4. A method according to claim 3, characterized in that the
partial sample queue is formed of a regenerated signal in which decision,
modulation and multiplication of channel impulse response have been carried
out.

5. A method according to claim 1, characterized in that the
parameter proportional to the mean strength of the signal envelope is
calculated by averaging the measured strength of all ¥ samples in the time
slot.

6. A receiver in a radio system using a time division multiple access
method, which receiver comprises means (202, 502) for sampling the received
signal, characterized in that the receiver comprises means (202, 208,
500) for forming a parameter proportional to the mean strength of the signal
envelope during a time window at most half a time slot in length, in each
received time slot by using at least two time windows, and
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means (208, 500) for calculating the variation of the envelope by
time slots on the basis of the parameter, and for averaging the derived
variation value over several time slots, and

means (210, 212) for comparing the averaged variation value with
the calculated reference value, and for indicating the speed of the equipment.

7. A receiver according to claim6, characterized in that the '
receiver comprises means (204) for forming one or more partial sample
queues of the received signal, and means (208) for calculating the mean
strength for each partial queue.

8. A receiver accordingtoclaim 7, characterized in that the
receiver comprises means for forming each partial queue of the samples of the
received signals whose fast fading is equal.

9. A receiver according to claim 8, characterized in that the
means (204) comprise means (400) for detecting the received signal, means
(404) for assembling a burst of a detected symbols (402), means (406) for
modulating the formed bursts, means (412) for multiplying the modulated
signal by channel impulse response (410) and means (416) for finding the
partial sample queues from the multiplied signal (414).

10. A receiver according to claim 6, characterized in that
the receiver comprises means (202) for forming a parameter proportional to
the mean strength of the signal envelope by averaging the measured strength
of all the samples in the time slot.
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