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The invention relates to a digital radio communication system, comprising
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time-slot/f} quency- channel conbi nati on all ocat ed
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at least one primary station and at least one secondary station, which stations exchange
digital data in at least one time slot of a time ﬁlultiplex frame vig at least one frequency
channel, the primary station and/or the s_ecbndary' station comprising control means
5 which are capable of replacing a first time-slot/frequency-channel combination allocated
to data exchange by a second time-slot/ frequency-channel combination.
The invention also relates to a primary and a secondary station for use in
such a system.
A digital radio communication system of this kind is known from an
10 article in Philips Telecommunication Review "DECT, a universal cordless access
system”, Vol. 49, No. 3, September 1991, pp. 68-73. In the known system digital data
is exchanged, for example in the form of digital coded speech or data, between a
primary DECT station (DECT, Digital European Cordless Telecommunication
standard), being a so-called base station, and a secondary station, being a so-called
15 handsét. In DECT, being a cordless telephony system based on a cellular concept, there
are 10 frequency channels vig which radio communication takes place, in principle in
the duplex mode in time slot pairs, between the base station and the handset. In DECT,
per DECT-TDMA frame of 10 ms there are defined 24 time slots, i.e. 12 for radio
traffic from the base station to the handset and 12 for radio traffic from the handset to
20 the base station, said time slots forming 12 time slot pairs. Consequently, there are 120
duplex time-slots/frequency-channel combinations or 120 channels in DECT. In a
system such as DECT, in which the physical network layer implements an
FDMA/TDMA/TDD radio transmission, the channel allocation is dynamic, i.e. if
channels are required for radio communication, they are dynamically allocated from a
25  set of available channels and, after termination of the communication, they are returned
to the set of available channels. Furthermore, because of the frequently changing
receiving conditions, a comparatively large number of so-called "handovers" occurs,
i.e. the switching over of a radio communication in progress via a given channel to
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speech or data, between a primary DECT station (DECT, Digital European

Cor dl ess alsd.cWhemrihe handsetlea %ﬂi&r@}&e of thegbase station| linter-beliular; (Bte handozer] a
secondary, 313! 188, f3F RmBle’R H'evest of a poor transmission quality, is initiated by the
handset or the portable set in DECT. The DECT standard allows for such a handover to
5  be seamless, i.e. a user of DECT does not notice the transition from a first time-
slot/frequency-channel combination to a second time-slot/frequency-channel combination
since radio communication is allowed vig two different time slot pairs for a number of
frames, but the cited standard does not make an implementation proposal.
It is an object of the present invention to provide a digital radio
10  communication system of the kind set forth in which handover is truly seamless.

A digital radio communication system in accordance with the invention is
characterized in that the system is adapted to exchange, during replacement of the first
time- slot/frequency-channel combination by the second time-slot/frequency-channel
combination, also a copy of the data in the second time-slot/frequency-channel

15 combination during at least one time muitiplex frame in order to store, after verification
of the validity of the copy data, the data and the copy data in a cyclic buffer so that a
phase shift between the data and the copy data is eliminated, and to release subsequently
the first time-slot/frequency-channel combination. The truly seamless handover is
achieved by ensuring, upon a channel transition, that the common information in data

20  and the copy data overlap in the cyclic buffer and that the non-overlapping, most recent
information of the copy data fills the remainder of the cyclic buffer at the instant at
which validity of the copy data is detected during a handshaking procedure.

An embodiment of a digital radio communication system in accordance
with the invention is characterized in that the digital data represents compressed digital

25 speech, the system comprising a first pointer which controls the filling/reading of the
cyclic buffer with compressed speech data, and a second pointer which controls the
reading/filling of the cyclic buffer at a substantially lower speed, during filling/reading
of the cyclic buffer with compressed speech data and compressed copy speech data the
first pointer always being positioned on the cyclic buffer so that the cyclic buffer is

30 filled/read with the most recent speech. Upon reception of data and copy data, the
cyclic buffer is always filled with a so-called burst of data at a comparatively high
speed. The first pointer, controlling the write process, is then positioned on that location
in the cyclic buffer wherefrom the next data is fetched by the second pointer which
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5 relevant phase shift upon handover of time-slot/frequency-channel combinations. In the

transmission direction, in a duplex connection, transmission always takes place via two
time-slot/frequency-channel combinations during handover. The first and the second
pointer may then be considered to be quantities which vary in the form of a sawtooth, a
condition then being that the comparatively fast, first pointer may not cross or overtake

10  the comparatively slow, second pointer so as to enable seamless handover. The
advantage of a true handover consists in that the user of the radio communication in a
digital speech connection absolutely does not notice the handover, whereas for a data
connection it is simply achieved that no data is lost.

A further embodiment ofé digital radio communication system in

15  accordance with the invention is characterized in that the primary station comprises
delay time determining means for determining a propagation time between transmission
by a primary station and reception by a secondary siation, the primary station correcting
the phase shift by way of the propagation time determined. A seamless handover can
thus also be achieved in the event of large distances between the primary station and the

- secondary station. : -

A further embodiment of a digital radio communication system in
accordance with the invention is characterized in that the secondary station comprises
signal strength measuring means for measuring the signal strength of a radio signal
modulated with the digital data, the control means replacing, on the basis of a signal

25  strength of the radio signal measured by the signal strength measuring means, a time-
slot/frequency-channel combination allocated during data exchange by a different time-
slot/frequency combination. As a result, in the event of changing the receiving
conditions a handover initiated by the handset can take place. |

The invention will be described in detail hereinafter with reference to a

30 drawing; therein | |

Fig. 1 shows diagrammatically a digital radio communication system in
accordance with the invention,
Fig. 2A shows diagrammatically a station for use in a digital radio
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ecause of the frequently changlng recei ving conditions,

Fig. 2B shows transmission/receiving means in a primary or a secondary
station,

Fig. 3 shows step-wise handover in accordance with the invention, and

Figs. 4, 5 and 6 illustrate the handover in accordance with the invention
in greater detail. |

Fig. 1 shows diagrammatically a digital radio communication system 1 in
accordance with the invention. The system 1 comprises a number of primary or base
stations BS1, BS2, BS3 and BS4. Each primary station BS1, BS2, BS3 and BS4 is
connected to control devices for cordless telephony 6 and 7 via respective wide band
fixed connections 2, 3, 4 and 5 capable of transporting digital data. The control devices
6 and 7 may be connected to the public telephone system PSTN. The system 1 also
comprises a number of secondary stations or mobile stations, such as a handset, MS1,
MS2, MS3, MS4 and MSS which can serve for digital speech connections or data
connections via radio communication, with or without a duplex connection. A secondary
station may also be a so-called CTA (Cordless Terminal Adapter) whereto further
equipment is coupled, for example a facsimile apparatus 8 and a telephone set 9. When
the digital radio communication system 1 complies with, for example the DECT (Digital
European Cordless Telecommunications) standard, the digital speech connection will be
an FDMA/TDMA/TTD connection. Other connections, however, are also possible. The
construction of the digital radio communication system 1 may be based on a
microcellular concept, for example as defined in the DECT standard. Inter alia in
DECT the radio communication from primary to secondary stations takes place via
time-slot/frequency-channel combinations, i.e. via time slots in transmission frames
which are transported vig dynamically allocated frequency channels. In order to enable

~ radio communication, the primary and secondary stations BS1, BS2, BS3 and BS4 and

MS1, MS2, MS3, MS4 and MSS comprise transmission/receiving

means as usual. In this respect reference is made to the cited article in Philips
Telecommunication Review, Vol. 49, No. 3, September 1999, pp. 68-73, for different
system configurations within the DECT standard. In a TDD duplex connection as |
established in conformity thh the DECT standard, per frequency channel 12 time slots
are reserved for communication from the primary to the secondary station and 12 time
slots are reserved for communication from the secondary station to the primary station.
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is dynamic. For a data connection time slots can be combined in a frame if higher
transmission speeds are required. For further details of DECT, inter alig concemning the
establishment of connections, reference is made to the DECT standard and to the
handbook "Cordless Telecommunications in Europe", W.H. W, Tuttlebee, Springer-
Verlag, 1990, pp. 198-206, and for implementation of a digital radio communication
system reference is made to pages 209-227 of the cited handbook. Appendix 3, pp. 273-
284 of this handbook contains a summary of the DECT standard and inter alig shows
the protocol layer structure of DECT in conjunction with the standard OSI network
layer structure. In DECT the so-called MAC (Medium Access Control) .protocol layer,
being defined above the so-called "physical layer", provides the establishment of
physical connections, i.e. the establishment, maintenance and release of physical
channels. The so-called MGE (Management Entity), controlling the lower four DECT
layers, inter alia takes decisions in respect of initiating a handover when the quality of
the radio connection is no longer adequate.

Fig. 2A shows diagrammatically a station for use in a digital radio
communication system 1 in accordance with the invention. The station comprises
transmission/receiving means 10 for transmitting/receiving a radio signal modulated
with digital data vig an aerial 11, and also control means which are capable of replacing
-a first time-slot/frequency-channel combination allocated to data exchange by a second
time-slot/frequency channel combination in a manner yet to be described. The control
means comprise a Programmable Communication Controller PCC which is coupled to
an address bus ADB and a data bus DTB, a program memory PM for storing a control
program, an address multiplexer/bus controller 12, and a data memory DM. For
handover in accordance with the invention, the control means also comprise buffers SB
and a shift table ST in the data memory DM, an RF control device 13 which is coupled
to the address bus ADB and the data bus DTB and to the transmission/receiving means

10 and which coniprises a modulo-80 counter or first pointer RFP, an LF control device
14 which is coupled to the address bus ADB and the data bus DTB and which
comprises a modulo-80 counter or second pointer SPP, and a timing and control device
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accordance with the invention, the first pointer is loaded with an initial value, stored in
the shift table ST, by the Programmable Communication Controller PCC, after which it
is started by the Timing & Control device 15, the second pointer SPP progressing
independently, initiated by the Timing & Control device 15. The operation of the
0  seamless handover mechanism will be described in detail hereinafter with reference to
the Figs. 3 to 6. When the station is a secondary station, it also comprises a signal
processing device 16 which is coupled to the LF control device 14 and which comprises
as usual A/D and D/A converters and a CODEC for converting and (de)coding speech
in digitized speech and vice versa. For speech a microphone 17 and a loudspeaker or
§  other acoustic converter 18 are coupled to the signal processing device 16, and for data,
for example a Facsimile apparatus 19 is coupled thereto via a modem 20. When the
station is a primary station, the LF control device 14 is coupled in a customary manner
to signal units of the primary station (not shown). '
Fig. 2B shows the transmission/receiving means 10 in the primary or the
0  secondary station. The transmission/receiving means 10 comprise a transmitter 101 and
a receiver 102 for transmitting and receiving, respectively, a radio signal, modulated
with digital data, vig the aerial 11. The transmission/receiving means 10 also comprise
a transmission/reception switch 103 for switching over from transmission to reception
and vice versa. Via a multiplexer 104, the transmitter 101 is coupled to the RF control
5 device 13 of Fig. 2A and the receiver 102 is coupled to the device 13 via a
demultiplexer 105. The multiplexer 104 and the demultiplexer 105 add control and
synchronization information to data streams or remove this information from the data
streams. For the sake of simplicity, only data lines are shown. For a description of
multiplexing of logic in physical channels in DECT, reference is made to pages 280-281
30 of the cited handbook by Tuttlebee. The transmission/ receiving frequency can be varied
by varying the frequency of a local oscillator 106 which is coupled to the transmitter
101 and the receiver 102. The transmission/reception switch 103, the multiplexer 104,
the demultiplexer 105, and the local oscillator 106 can be driven by the Programmable
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, measurements, a control program stored in the program memory PM as shown in Fig.
2A can decide for a handover. When the station is a primary station, it comprises delay
time determining means for determining a propagation time between transmission by a
primary station and reception by a secondary station. The delay time determining
)  means, formed by a program section in the primary station in the program memory PM,
can determine the propagation time as follows. After a radio connection has been
established on a free channel via a time-siot/frequency-channel combination, i.e. the
secondary station is synchronized with the primary station, the primary station receives
data from the secondary station in a given time slot. In the synchronized state, in the
5  case of a propagation time zero the primary station knows when it should receive the
data. The primary station determines the propagation time on the basis of the difference
between the actual instant of reception of the data in the relevant time slot, in the case
~ of a propagation time not equal to zero, and the known instant of reception with a
propagation time zero. In the synchronized state the primary station can also transmit a
) test signal in order to determine the propagation time. When this test signal is returned
immediately by the secondary station in a corresponding time slot, for example in
DECT, the primary station receives the returned test signal 5§ ms + two times the
propagation time later than the instant of its transmission by the station itseif, so that the
primary station can determine the propagation time therefrom.
S Fig. 3 step-wise illustrates handover in accordance with the invention. The
- Figure shows a frame fr having a duration of 10 ms and comprising 12 time slots ts for
communication from a primary station BS to a secondary station MS, BS -» MS, and 12
time slots for communication from the secondary station MS to the primary station BS,
MS - BS, successively in states stl, st2, st3 and st4, denoted by fr, stl; fr, st2; fr, st3;
0 and fr, st4. The frame sequence fr, stl; fr, st2; fr, st3; and fr, st4 represents
replacement of a first time-siot/frequency-channel combination by a second time-
slot/frequency-channel combination with handover in accordance with the invention. Per
time slot 320 information bits can be transmitted in DECT. The time siots ts are
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also a first or radio pointer RFP1 and a second or speech pointer SPP1. The first
pointer RFP1, being a modulo-80 counter, points to a location of the speech buffer SBS,
and the second pointer SPP1, also being a modulo-80 counter, points to a different
location of the cyclic speech buffer SBS. Also shown is an ADPCM (Adaptive
Differential Pulse Code Modulation) device which forms part of the signal processing
device 16 shown in Fig. 2A. The ADPCM device ADPCM provides digitization of
encoded speech data prior to compression and transmission and conversion of received
5  and expanded speech data to an analog speech signal intended for reproduction. For the
present example it is assumed that a radio connection has been established in the state
stl via the time slot pair 3, 15 for the transmission and reception, respectively, of
digital speech data by a secondary station. The speech pointer SPP1, started by the
: Timing & Control device 15, freely progresses along the speech buffer SBS and the
s  ADPCM device ADPCM reads the digital data pointed out by the speech pointer SPP1
from the speech buffer SBS and converts the digital data into analog speech. When the
speech pointer SPP1 reaches the end of the speech buffer SBS, it jumps to the beginning
of the speech buffer SBS for cyclic scanning of the speech buffer in 10 ms in DBCT,
being the duration of a frame fr comprising 24 time slots. Therefore, the speech buffer
0  SBS is to be considered as a cyclic buffer containing 10 ms of speech, Each time when
"a new speech burst arrives in the receiver 102 in the form of compressed digital speech
in the time slot 15, the cyclic buffer SBS is filled again. During filling of the speech
buffer SBS, this buffer is also read. The radio pointer RFP1, controlling the filling
process, is positioned at such a buffer location at the beginning of filling of the buffer
'S SBS that after filling the speech pointer SPP1 is positioned exactly at the first speech
data of the new speech burst. In DECT the duration of an information burst is 280 us
and in the read mode a buffer location corresponds to 10 ms/80 = 125 pus. Therefore,
the duration of the ﬁllmg process is equal to the duration of reading 280/125 = 2.24
buffer locations by the LF control device 14. Therefore, filling should commence as
30 from 2.24 buffer locations from the speech pointer SPP1. For each time slot in a frame
fr, the shift table ST in the data memory DM contains starting values for the radio
pointer RFP1. There are 12 receiving time slots having a duration of 416.7 us, i.e. the
time slots are shifted 416.7/125 = 3.33 buffer locations (in nibbles) re}aﬁve to one
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data, and,frclef PO RAIS R radid POt RFPI $n cBRformity with the shift value
associated with the receiving time slot number, being the time slot numbér 15 in the
present example. In a practical situation the starting values for the radio pointer RFP1
can be chosen so that for the first time slot 12 the radio pointer RFP!1 is positioned two
puffer locations further in the speech buffer SBS than the speech pointer SPP1. For the
time slot 15, the radio pointer RFP1 should then be positioned 3 x 3.33 = 10 buffer
"locations further than in the case of the time slot 12. For transmission vig the
) corresponding time slot 3 in the time slot pair 3, 15, from the speech buffer SB1,
similar shifts apply.
Subsequently, on the basis of signal strength measurements performed by
' the signal strength measuring means 107, the receiver 102 detects that handover to a
different time-slot/frequency-qhannel combination is desirable. After a customary scan
to determine whether a free channel is available in which the receiving conditions are
better, the Programmable Communication Controller PCC initiates a handover
procedure in accordance with the invention. A primary station BS informs the relevant
secondary station MS that a time slot pair 6, 18 is available and starts to transmit,
parallel to the transmission via the time slot pair 3, 15, digital speech from the same
source vig the time slot pair 6, 18, be it shifted in time, the latter speech being referred
to as copy speech data. Even though the copy speech data is transmitted vig a different
frequency channel in practical circumstances, for the sake of simplicity it is assumed in
Fig. 3 that the copy data is transmitted vig the same frequency channel. In Fig. 3 this
transitional state is denoted by the reference fr, st2, speech data and copy speech data
being represented by oppositely directed shading. In practice it will take a few frames fr
before the copy speech data is valid, considering the customary handshaking between
the relevant primary and secondary stations. Until the copy speech data is valid, it is
stored in a dummy speech buffer SBD under the control of the radio pointer RFP2
which has been loaded by the Programmable Communication Controller, prior to the
' storage of copy data from the shift table, with the shift value associated with the time
slot 18, i.e. 6 x 3.33 = 20 buffer locations relative to the shift value of the time slot
12. For Channet Set-Up, reference is made to pages 201-205 of said handbook by
Tuttlebee. 1t is to be noted that DECT allows for radio communication of the same
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5
The change-over from the time slot 15 to the time slot 18 is seamless in accordance

with the invention. In the present example this is achieved by replacing the radio pointer
RFP1 by the radio pointer RFP2 which has been shifted 10 buffer locations relative to
RFP1. The time difference in the reception relative to the beginning of the frame fr is
thus compensated for, while the speech pointer SPP1 continues to scan the most recent
speech samples, first a part of the "old" speech samples from the time slot 15 and
subsequently the more recent speech samples from the time siot 18. In the case of a
duplex speech connection via two time slots 3 and 6, transmission takes place in the
direction of the secondary station until the handover process has been completed. When
the handover process has been completed, denoted by the state fr, st4 in Fig. 3, the
duplex connection extends further via the time slot pair 6, 18.

Figs. 4, 5 and 6 show the handover in accordance with the invention in
greater detail. These Figures show a situation during the state fr, st3 in Fig. 3 in which
a time slot spacing d between the time slots 15 and 18 in terms of buffer locations of
the buffer SBS amounts to 10 buffer locations. The overlapping part of the buffers SBS
and SBD, having been shifted 10 buffer locations as if it were relative to one another,
contains identical speech samples. Fig. 4 shows the buffers SBS and SBD with the -
speech pointer SPP1. The non-overlapping part of the buffer SBD and the buffer SBS,
denoted by a brace, contains the most recent non-overlapping speech data. The
described handover procedure ensures that the speech pointer SPP1 always "sees” the
most recent speech samples. Fig. 5 shows the buffer SBS as a cyclic buffer having 80
buffer locations 0-79. During the radio connection vig the time slot pair 3, 15, the
speech pointer SPP1 follows the digital speech burst indicated by the radio pointer
RFP1 which is replaced by RFP2 upon handover to the time slot pair 6, 18. In the
)~ present example, the distance between the speech pointer SPP1 and the radio pointer

RFP1 amounts to 2.24 buffer locations (in a practical, discrete situation it amounts to 2
locations) and the distance between the radio pointers RFP1 and RFP2 amounts to 10
buffer locations, the situation shown'referring to the beginning of writing of the speech
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time slot the necessary. hase shift of the first pointer is stored in a
table in the cyclic b i‘? mﬁ e tion of the first pointer on the

cyclic buffer apt evangqphase shift upon handoy fi
tine-sl ot/ &éhéiy ch ons. &}n the transm ssion di re‘?{.logngg?n
a dupl ex connection, transm ssion always takes place via two

time-sl ot/bﬂﬁ&uency channel conbi nations during handover. The first and the
second pointer may tfipgides Wxﬁ%ﬁﬁd%&ﬁtei?@SPlPFfihdm 2 qedhtitRs Watyin %a@a
formof a 'sawmooth, a condltlo eing that the conparatively fas

first poi nigytootly ancorrect sitaation oﬁlﬁletspbeclt pmnmlﬁi’manelam;toahemdxe@omer

poi nter so as to enabl ess hando advant a ue handoyver

consi sts i rRcha‘F ﬂﬂ“u&@F?%rH"%QfP %1 petio F%’efaf 24 Bubfer positions in
DECT. The pointers SPP1 and RFP1 are posmoned relative to one another so that they

do not overtake one another. Furthermore, a shading is used to indicate uncertainty in
reading due to propagation time differences between a secondary station and various
primary stations. Intra-cellular within DECT, where distances between primary and
secondary stations amount to some 200 meters, the propagation time is negligibly small,
but for other applications where greater distances need be bridged the propagation time
may be of significance. Using the described delay time determining means, the
propagation time can be determined and the radio pointer can be adapted accordingly.
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speech connection absol utely does not notice the handover,

for a data connection it is sinply achieved that no data is |ost. 4 A
furt her enbodi ne of a digital radio co ni cation systemin accordance

with the ipHBk4-br ischaracterized in that the primary station Sweri993s

?(ralaﬁgmt ;g}é det er m ni nm“ﬂmﬁ“‘ﬂmﬂﬁlﬁr mning a propagat lon time between
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1. A digital radio communication system (1), comprising at least one primary
station (BS1) and at least one secondary station (MS1), which stations exchange digital
data in at least one time slot (ts) of a time multiplex frame (fr) vig at least one
frequency channel, the primary station (BS1) and/or the secondary station (MS1)
comprising control means (PCC, PM, DM) which are capable of replacing a first time-
slot/frequency-channel combination (fr, stl1) allocated to data exchange by a second
time-slot/frequency-channel combination (fr, st4), characterized in that the system (1) is
adapted to exchange, during replacement of the first time- slot/frequency-chanhel
combination (fr, stl) by the second time-slot/frequency-channel combination (fr, .st4),
also a copy of the data in the second time-slot/frequency- channel combination (fr, st2)
during at least one time muitiplex frame (fr) in order to store, after verification of the
validity of the copy data, the data and the copy data in a cyclic buffer (SBS) so that a
phase shift (d) between the data and the copy data is eliminated, and to release
subsequently the first time-slot/frequency-channel combination (fr, stl).

2. A digital radio communication system as claimed in Claim 1,
characterized in that the digital data represents compressed digital speech, the system
(1) comprising a first pointer (RFP) which controls the ﬁlling/mding of the cyclic
buffer (SBS) with compressed speech data, and a second pointer (SPP) which controls
the reading/filling of the cyclic buffer (SBS) at a substantially lower speed, during
filling/reading of the cyclic buffer (SBS) with compressed speech data and compressed
copy speech data the first pointer (RFP) always being positioned on the cyclic buffer
(SBS) so that the cyclic buffer (SBS) is filled/read with the most recent speech.

3. A digital radio communication system as claimed in Claim 2,
characterized in that the second pointer (SPP) progresses freely along the cyclic buffer
(SBS) in order to read/fill the buffer. |

4. A digital radio communication system as claimed in Claim 1, 2 or 3,
characterized in that the primary station (BS1) comprises delay time determining means
(PCC, PM) for determining a propagation time between transmission by a primary

wher eas
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signal S;r&%ggéghciﬁgg,ugﬁar}gcggg&sin t%a% Ithr;.Es-econdary station (MS1) comprisés signal
strength measuring means (107) for measuring the signal strength of a radio signal
modulated with the digital data, the control means (PCC, PM, DM) in the secondary
station (MS1) replacing, on the basis of a signal strength of the radio signal measured
by the signal strength measuring means (107), a time-slot/frequency-channel
combination (fr, st1) allocated during data exchange by a different time-slot/frequency-
channel combination (fr, ts4).
6. A digital radio communication .system as claimed in any one of the
preceding Claims, characterized in that the system exchanges the digital data in a duplex
mode via time slot pairs in a time multiplex frame (fr).
7. A digital radio communication system as claimed in any one of the
preceding Claims, characterized in that the system is a cordless telephony system in
which the primary station is a base station and the secondary system is a cordless
telephone set. .
8. A primary or secondary station for use in a digital radio communication
system as claimed in any one of the Claims 1 to 5, comprising transmission/receiving
means (10) for transmission/reception, respectively, of a radio signal modulated with
digital data, (de)modulation means (101, 102, PCC, PM, DM) which operate on the
basis of time multiplex for (de)modulation of the digital data, and control means (PCC,
PM, DM) which are capable of replacing a first time-slot/frequency-channel
combination (fr, stl) allocated to data exchange by a second time-slot/frequency-channel
combination (fr, st4), characterized in that the control means (PCC, PM, DM) are
adapted to exchange, during replacement of the first time-slot/frequency-channel
combination (fr, st1) by the second time-slot/frequency- channel combination (fr, st4),
also a copy of the data in the second time-slot/frequency-channel combination (fr, st2)
during at least one time multiplex frame (fr) in order to store, after verification of the
' validity of the copy data, the data and the copy data in a cyclic buffer (SBS) so that a
phase shift (d) between the data and the copy data is eliminated, and to release
Subsequently the first time-slot/freqﬁency-channel combination (fr, stl).
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sl ot/ frequency-channel conbination allocated during data exchange by a v
different tinme- slot/frequency conbination. As a result, in the event of

changi ng éﬁﬁrg{ﬁ(ﬁsvi ng conditions a handgyer initiated by the hagﬂaﬁ_&&n

t ake pl ac e invention will be described in detail hereinafte

reference Eﬁ @!,drawi ng; therein Fig. 1 shows diagrammatically a digital
radi o co I on systemin accordance with the invention, Fig. 2A shows

?jinag 2 2 mg%gj Vl-aﬂtxﬁ c?iﬁ?ﬁ?:ﬁéhglotﬂrsxgﬁﬁ A Brifflay bRl sbAdRn” QAHO (6l ¥R HEM
system.

A digital radio communication system (1) is known, for example based on
the DECT standard, in which radio communication of digital speech or data between
primary (BS1) and secondary (MS1) stations takes place vig duplex FDMA/TDMA
connection. Channel allocation therein is dynamic. If necessary because of the receiving
conditions, the secondary station (MS1) can initiate a so-called handover by searching
for a free channel offering better receiving conditions. In accordance with the invention,
this handover is seamless. First digital speech bursts are exchanged vig different time
slots (ts) during a number of frames (fr), being digital speech data and copy digital

‘speech data. After verification that the copy data is valid, i.e. that communication has
been established vig a free channel, handover takes place. The digital data and the copy
data is stored in a cyclic buffer (SBS) so that a phase shift (d) between the data and the
copy data is eliminated. Subsequently, the channel via which the original data was
transported is released. In one embodiment a speech pointer (SPP) for reading speech -
freely progresses along the cyclic buffer (SBS) and a radio pointer (RFP), progressing
along the buffer (SBS) and controlling the writing of speech bursts, is adapted during
handover to a phase shift (d) between time slots involved in the handover.

Fig. 2A.

—_—
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Fi g. ZB shows transm'ssion/receiving nmeans in a primary or a secondary
station, Fig. 3 shows step-w se handover. in accordance with the invention,

and Figs. 4, 5 and 6 illustrate the handover in accordance with the
invention in greater detail. Fig. i ws diagrammatically a digital radio
confruni cation system 1 in accordancelifth the invention. The system1

conpri ses a nunber of primary or base stations BSl, BS2, BS3 and BS4. Each
primary station BSl1, BS2, BS3 and BS4 is connected to control devices for
cordless tel ephony 6 and 7 via respective w de band
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fi xpd connections 2, 3, 4 and 5 capable of transporting digital data. The
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whi cf are transported via dynamcally allocated frequency channels. In

to enable radi o communi cation, the primary and secondary stations

, | BS2, BS3 and BS4 and Ms1, Ms2, MsS3, Ms4 and MS5 conpri se

trangm ssi on/ recei ving means as usual In this respect reference is nmade to
thes¢cited article in Philips Telecorr(ﬂ/ cation Review, Vol. 49, No. 3,

Sept enber 1999, pp. 68-73, for different system configurations within the
DECT standard. In a TDP__(ﬂQI_Ex connection as established in conformty with
t he DECT standard, _per freﬁ]]iI ncy channgl 12 time slots_are reserved for
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A corrpl ete frame conprising 24 time slots then has a duratlon BEPUﬁCEMENTrSHE

tthe case of di gitized speech, 80 speech sanples are transportgd
slot, i.e. 80 nibbles of digitized speech data, in DECT ADPCM c

per—TiTTE

T Ty

of '32 kbit/s. In DECT the dupl ex speech connection consists o

pai.r in a frame and channel allocation ig dynam c. For a dat & c

oRReet-i-00.

time slots can be combined in a frame if higher transm ssion peeds are

requi red. f L ' t
establ i shr?;gi; @c%%@@%i&g?gg%ghm%ﬁt gjtra ar 5uand to
t he handbggitemiCor dl ess Tel ecommuni cations in Europe", W H [ Tuttl ebée S ——

radi o conmuni cati on

Springer- Verlag, 1990, pp. 198-206, and for inpl errent atlo Hf’?eeaHdl

Il

The invention relates to a digital radio communication system,

IIII//I/III/III/

comprising

at least one primary station and at least one secondary station, which stations exchange

~ digital data in at least one time slot of a time multiplex frame vig at least one frequency

channel, the primary station and/or the secondary station comprising control means

which are capable of replacing a first time-slot/frequency-channel combination allocated

to data exchange by a second time-slot/ frequency-channel combination.

The invention also relates to a primary and a secondary station for use in

such a system.

A digital radio communication system of this kind is known from an

article in Philips Telecommunication Review "DECT, a universal cordless access

system", Vol. 49, No. 3, September 1991, pp. 68-73. In the known system

digital data

is exchanged, for example in the form of digital coded speech or data, between a
primary DECT station (DECT, Digital European Cordless Telecommunication
standard), being a so-qailed base station, and a secondary station, being a so-called
handset. In DECT, being a cordless telephony system based on a cellular concept, there
are lb frequency channels via which radio communication takes place, in principle in
the duplex mode in time slot pairs, between the base station and the handset. In DECT,
per DECT-TDMA frame of 10 ms there are defined 24 time slots, i.e. 12 for radio

traffic from the base station to the handset and 12 for radio traffic from the

handset to

the base station, said time slots fbrming 12 time slot pairs. Consequently, there are 120

duplex time-slots/frequency-channel combinations or 120 channels in DECT. In a

system such as DECT, in which the physical network layer implements an
FDMA/TDMA/TDD radio transmission, the channel allocation is dynamic,

i.e. if

channels are required for radio communication, they are dynamically allocated from a

set of available channels and, after termination of the communication, they are returned

to the set of available channels. Furthermore, because of the frequently changing
receiving conditions, a comparatively large number of so-called “handovers" occurs,

i.e. the switching over of a radio communication in progress via a given channel to
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sysfem reference’i's made to pages 209-227 of the cited harBMFMB}LErﬂ'ﬁEET
3, pp. 273- REiRIs SheelEBBecsREMKed 284 of this handbook cpn al ns a sunmmarly

of the DECT standal lia shows the protocol |ayeyf LFEqugg']of
DECT in conjunctio ndard OSI network |ayer sjr cture DEQT

the so-called MAC ccess Control) protocol |ayer,

another channel. In the case of interference, such a handover may be intra-cellular or
also, when the handset leaves the range of the base station, inter-cellular. The handover,
taking place, for example in the event of a poor transmission quality, is initiated by the
handset or the portable set in DECT. The DECT standard allows for such a handover to
be seamless, i.e. a user of DECT does not notice the transition from a first time-
slot/frequency-channel combination to a second time-slot/frequency-channel combination
since radio communication is allowed via two different time slot pairs for a number of
frames, but the cited standard does not make an implementation proposal.

It is an object of the present invention to provide a digital radio
communication system of the kind set forth in which handover is truly seamless.

A digital radio communication system in accordance with the invention is
characterized in that the system is adapted to exchange, during replacement of the first
time- slot/freéuency-channel combination by the second time-slot/frequency-channel
combination, also a copy of the data in the second time-slot/frequency-channel
combination during at least one time multiplex frame in order to store, after verification
of the validity of the copy data, the data and the copy data in a cyclic buffer so that a
phase shift between the data and the copy data is eliminated, and to release subsequently
the first time-slot/frequency-channel combination. The truly seamless handover is
achieved by ensuring, upon a channel transition, that the common information in data
and the copy data overlap in the cyclic buffer and that the non-overlapping, most recent
information of the copy data fills the remainder of the cyclic buffer at the instant at

~which validity of the copy data is detected during a handshaking procedure.

An embodiment of a digital radio communication system in accordance
with the invention is characterized in that the digital data represents compressed digital
speech, the system comprising a first pointer which controls the filling/reading of the
cyclic buffer with compressed speech data, and a second pointer which controls the
reading/filling of the cyclic buffer at a substantially lower speed, during filling/reading
of the cyclic buffer with compressed speech data and compressed copy speech data the
first pointer always being positioned on the cyclic buffer so that the cyclic buffer is
filled/read with the most recent speech. Upon reception of data and copy data, the
cyclic buffer is always filled with a so-called burst of data at a comparatively high
Speed. The first pointer, controlling the writé process, is then positioned on that location
in the cyclic buffer wherefrom the next data is fetched by the second pointer which
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relevant phase shift upon handover of time-slot/frequency-channel combinations. In the
transmission direction, in a duplex connection, transmission always takes place vig two
time-slot/frequency-channel combinations during handover. The first and the second
pointer may then be considered to be quantities which vary in the form of a sawtooth, a
condition then being that the comparatively fast, first pointer may not cross or overtake
the comparatively slow, second pointer so as to enable seamless handover. The
advantage of a true handover consists in that the user of the radio communication in a
digital speech connection absolutely does not notice the handover, whereas for a data
connection it is simply achieved that no data is lost.

A further embodiment of a digital radio communication system in
accordance with the invention is characterized in that the primary station comprises
delay time determining means for determining a propagation time between transmission
by a primary station and reception by a secondary station, the primary station correcting
the phase shift by way of the propagation time determined. A seamless handover can
thus also be achieved in the event of large distances between the primary station and the
secondary station. :

A further embbdiment of a digital radio communication system in~
accordance with the invention is characterized in that the secondary station comprises
signal strength measuring means for measuring the signal strength of a radio signal
modulated with the digital data, the control means replacing, on the basis of a signal
strength of the radio signal measured by the signal strength measuring means, a time-
slot/frequency-channel combination allocated during data exchange by a different time-
slot/frequency combination. As a result, in the event of changing the receiving )
conditions a handover initiated by the handset can take place.

The invention will be described in detail hereinafter with reference to a
drawing; therein

Fig. 1 shows diagrammatically a digital radio communication system in
accordance with the invention,

Fig. 2A shows diagrammatically a station for use in a digital radio
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Fig. 3 shows step-wise handover in accordance with the invention, and
Figs. 4, 5 and 6 illustrate the handover in accordance with the invention
in greater detail. | |
Fig. 1 shows diagrammatically a digital radio communication system 1 in
accordance with the invention. The system 1 comprises a number of primary or base
stations BS1, BS2, BS3 and BS4. Each primary station BS1, BS2, BS3 and BS4 is
connected to control devices for cordless telephony 6 and 7 via respective wide band
fixed connections 2, 3, 4 and 5 capable of transporting digital data. The control devices
6 and 7 may be connected to the public telephone system PSTN. The system 1 also
comprises a number of secondary stations or mobile stations, such as a handset, MS1,
MS2, MS3, MS4 and MSS which can serve for digital speech connections or data
'con'nections via radio communication, with or without a duplex connection. A secondary
station may also be a so-called CTA (Cordless Terminal Adapter) whereto further
equipment is coupled, for example a facsimile apparatus 8 and a telephone set 9. When
the digital radio communication system 1 coh1plies with, for example the DECT (Digital
European Cordless Telecommunications) standard, the digital speech connection will be
an FDMA/TDMA/TTD connection. Other connections, however, are also possible. The
construction of the digital radio communication system 1 may be based on a.
microcellular concept, for example as defined in the DECT standard. Inzer alia in
DECT the radio communication from primary to secondary stations takes place via
time-slot/frequency-channel combinations, i.e. via time slots in transmission frames
which are transported via dynamically allocated frequency channels. In order to enable
radio communication, the primary and secondary stations BS1, BS2, BS3 and BS4 and
MS1, MS2, MS3, MS4 and MS5 comprise transmission/receiving '
means as usual. In this respect reference is made to the cited article in Philips
Telecommunication Review, Vol. 49, No. 3, September 1999, pp. 68-73, for different
system configurations within the DECT standard. In a TDD duplex connection as .
established in conformity with the DECT standard, per frequency channel 12 time slots
are reserved for communication from the primary to the secondary station and 12 t1me
slots are reserved for communication from the secondary station to the primary stauoni_
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duplex speech connection consists of a time slot pair in a frame and channel allocation
is dynamic. For a data connection time slots can be combined in a frame if higher
transmission speeds are required. For further details of DECT, inter alia concerning the
establishment of connections, reference is made to the DECT standard and to the
handbook "Cordless Telecommunications in Europe”, W.H.W. Tuttlebee, Springer-
Verlag, 1990, pp. 198-206, and for implementation of a digital radio communication
system reference is made to pages 209-227 of the cited handbook. Appendix 3, pp. 273-
284 of this handbook contains a summary of the DECT standard and inzer alia shows
the protocol layer structure of DECT in conjunction with the standard OSI network
layer structure. In DECT the so-called MAC (Medium Access Control) protocol layer, |
being defined above the so-called "physical layer", provides the establishment of
physical connections, i.e. the eétablishment, maintenance and release of physical
channels. The so-called MGE (Management Entity), controlling the lower four DECT
layers, inter alia takes decisions in respect of initiating a handover when the quality of
the radio connection is no longer adequate.

Fig. 2A shows diagrammatically a station for use in a digital radio
communication system 1 in accordance with the invention. The station comprises
tranSinission/receiving means 10 for transmitting/receiving a radio signal modulated
with digital data vig an aerial 11, and also control means which are capable of replacing
a first time-slot/frequency-channel combination allocated to data exchange by a second
time-slot/frequency channel combination in a manner yet to be described. The control
means comprise a Programmable Communication Controller PCC which is coupled to
an address bus ADB and a data bus DTB, a program memory PM for storing a control
program, an address multiplexer/bus controller 12, and a data memory DM. For |
handover in accordance with the invention, the control means also comprise buffers SB
and a shift table ST in the data memory DM, an RF control device 13 which is coupled
to the address bus ADB and the data bus DTB and to the transmission/receiving means
10 and which comprises a modulo-80 counter or first pointer RFP, an LF control device
14 which is coupled to the address bus ADB and the data bus DTB and which
comprises a modulo-80 counter or second pointer SPP, and a timing and control device

THIS SHEET HAS BEEN
REPLACED




*ffm
S started by the T| m ng & Control device 15, the second ‘LngMSWJT SHEET
pr ogr essi ng nReplaced at ed by the Timng ntroI devi ce
15. The operati on of mmvmf andover nechani smwi ||| be H8sFEBI987i n

detail hereinafter WI o the Figs. 3 to 6. W the station i

a secondary stati on, |t al so corrprl ses a @ignal processi evi ce
Is coupled to the LF control device 14 and which conpri se

15 which is driven by the transmission/receiving means 10 so as to control the modulo-
g0 counters RFP and SPP, In the present embodiment, the pointers RFP and SPP are
Proportioned in conformity with the data bursts of 80 speech samples to be exchanged
via the time-slot/frequency-channel combinations in the case of digitized speech. When
different numbers of samples or data are used, the pointers are adapted accordingly. In
accordance with the invention, the first pointer is loaded with an initial value, stored in
the shift table ST, by the Programmable Communication Controller PCC, after which it
is started by the Timing & Control device 15, the second pointer SPP progressing
independently, initiated by the Timing & Control device 15. The operation of the
seamless handover mechanism will be described in detail hereinafter with reference to
.the Figs. 3 to 6. When the station is a secondary station, it also comprises a signal
processing device 16 which is coupled to the LF control device 14 and which comprises
as usual A/D and D/A converters and a CODEC for converting and (de)coding speech
in digitized speech and vice versa. For speech a microphone 17 and a loudspeaker or
other acoustic converter 18 are coupled to the signal processing device 16, and for data,
for example a Facsimile apparatus 19 is coupled thereto via a modem 20. When the
station is a primary station, the LF control device 14 is coupled in a customary manner

t

S w;

to signal units of the primary station (not shown).

Fig. 2B shows the transmission/receiving means 10 in the primary or the
secondary station. The transmission/receiving means 10 comprise a transmitter 101 and
a receiver 102 for transmitting and receiving, respectively, a radio signal, modulated
with digital data, vig the aerial 11. The Uansnlission/feceiving means 10 also comprise
a transmission/reception switch 103 for switching over from transmission to reception
and vice versa. Via a multiplexer 104, the transmitter 101 is coupled to the RF control
device 13 of Fig. 2A and the receiver 102 is coupled to the device 13 via a
demultiplexer 105. The muitiplexer 104 and the demuitiplexer 105 add control and
synchronization information to data streams or remove this information from the data |
streams. For the sake of simplicity, only data lines are shown. For a description of
multiplexing of logic in physical channels in DECT, reference is made to pages 280-281
of the cited handbook by Tuttlebee. The transmission/ receiving frequency can be varied
by varying the frequency of a local oscillator 106 which is coupled to the transmitter
101 and the receiver 102. The transmission/reception switch 103, the multiplexer 104, 4
the demultiplexer 105, and the local oscillator 106 can be driven by the Progmmmeplg _
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supply the PCC with information concerning the signal strength of radio signals

received via a given frequency channel. On the basis of various signal strength
measurements, a control program stored in the program memory PM as shown in Fig.
2A can decide for a handover. When the station is a primary station, it comprises delay
time determining means for determining a propagation time between transmission by a
primary station and reception by a secondary station. The delay time determining
means, formed by a program section in the primary station in the program memory PM,
can determine the propagation time as follows. After a radio connection has been
established on a free channel vig a time-siot/frequency-channel combination, i.e. the
secondary station is synchronized with the primary station, the primary station receives
data from the secondary station in a given time slot. In the synchronized state, in the
case of a propagation time zero the primary station knows when it should receive the
data. The primary station determines the propagation time on the basis of the difference
between the actual instant of reception of the data in the relevant time slot, in the case |
_of a propagation time not equal to zero, and the known instant of reception with a
propagation time zero. In the synchronized state the primary station can also transmit a
test signal in order to determine the .pmpagation time. When this test signal is returned
immediately by the secondary station in a corresponding time slot, for example in
DECT, the primary station receives the returned test signal 5 ms + two times the
propagation time later than the instant of its transmission by the_ station itself, so that the
primary station can determine the propagation time therefrom.
Fig. 3 step-wise illustrates handover in accordance with the invention. The
Figure shows a frame fr having a duration of 10 ms and comprising 12 time slots ts fqr'
communication from a primary station BS to a secondary station MS, BS — MS, and 12
time slots for commuriicaﬁon from the secondary station MS to the primary station BS,
MS - BS, successively in states stl, st2, st3 and st4, denoted by fr, stl; fr, st2; fr, st3;
and fr, st4. The frame sequence fr, stl; fr, st2; fr, st3; and fr, st4 represents
replacement of a first time-slot/frequency-channel combination by a second time-
slot/frequency-channel combination with handover in accordance with the invention. Per
time slot 320 information bits can be transmitted in DECT. The time slots ts are

THIS SHEET HAS BEEN
REPLACED




with di gital dat agy;Vdnde kine-ackdpREed11. The transni ssion/recei ﬂEN_A@EMBﬂlgHEET

al so corrprlseatr ption switch 103 for sw tchi ng—ovetr—i+o+
transmssmntorem uﬁ e versa. Via a multiplexer |104 SEB 7
transmtter 101 is RF control -device 13 of Fi|g. A a @ 189

receiver 102 is coupled to the device 13 gia a denultipl exer 5. The
mul tiplexer 104 and the demultipl exer 105 add control and synchroni zation

| nfor mati on el fofi 0 8573, & soraﬁawearé Egégh BuerPen Pl SBE T TG~

streans. Fo e sake of S|rrp Icity, onl ata Trnes are shown

descri pti onswcwffﬂr;ﬂmmmfonmmof thepdayas meaory DM ras| shown iEEGE, 2A, and © .
reference i s rra ﬁ%é} of, the ted h ndbook 1Tl,JI;thtIebee The
transni ssi 0?4?°? Rfl é‘ﬁ‘ﬁ'e @gﬂab@c pointer e first

pointer RFP1, bemg a modulo-80 counter, pomts toa locauon' of the speech buffer SBS,
and the second pointer SPP1, also being a modulo-80 counter, points to a different
location of the cyclic speech buffer SBS. Also shown is an ADPCM (Adaptive
Differential Pulse Code Modulation) device which forms part of the signal processing
device 16 shown in Fig. 2A. The ADPCM device ADPCM provides digitization of
encoded speech data prior to compression and transmission and conversion of received
and expanded speech data to an analog speech signal intended for reproduction. For the
present example it is assumed that a radio connection has been established in the state
stl via the time slot pair 3, 15 for the transmission and reception, respectively, of
digital speech data by a secondary station. The speech pointer SPP1, started by the
Timing & Control device 15, freely progresses along the speech buffer SB5 and the
ADPCM device ADPCM reads the digital data pointed out by the speech pointer SPP1
from the speech buffer SBS and converts the digital data into analog speech. When the
speech pointer SPP1 reaches the end of the speech buffer SBS, it jumps to the beginning
of the speech buffer SBS for cyclic scanning of the speech buffer in 10 ms in DECT,
being the duration of a frame fr comprising 24 time slots. Therefore, the speech buffer
SBS is to be considered as a cyclic buffer containing 10 ms of speech. Each time when
a new speech burst arrives in the receiver 102 in the form of compressed digital speech
in the time slot 15, the cyclic buffer SBS is filled again. During filling of the speech
buffer SBS, this buffer is also read. The radio pointer RFP1, controlling the filling
process, is positioned at such a buffer location at the beginning of filling of the buffer
SB5 that after filling the speech pointer SPP1 is positioned exactly at the first speech
data of the new speech burst. In DECT the duration of an information burst is 280 us |
and in the read mode a buffer location corresponds to 10 ms/80 = 125 us. Therefore,
the duration of the filling process is equal to the duration of reading 280/125 = 2.24
buffer locations by the LF control device 14. Therefore, filling should commence as
from 2.24 buffer locations from the speech pointer SPP1. For each time slot in a frame
fr, the shift table ST in the data memory DM contains starting values for the radio
pointer RFP1. There are 12 receiving time slots having a duration of 416.7 us, i.e. the
time slots are shifted 416.7/ 125 = 3.33 buffer locations (in nibbles) relative to one
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associated with the receiving time slot number, being the time slot number 15 in the
present example. In a practical situation the starting values for the radio pointer RFP1
can be chosen s0 that for the first time slot 12 the radio pointer RFP1 is positioned two
buffer locations further in the speech buffer SBS than the speech pointer SPP1. For the .
time slot 15, the radio pointer RFP1 should then be positioned 3 x 3.33 = 10 buffer
locations further than in the case of the time slot 12. For transmission via the
corresponding time slot 3 in the time slot pair 3, 15, from the speech buffer SB1,
similar shifts apply. .
Subsequently, on the basis of signal strength measurements performed by
the signal strength measuring means 107, the receiver 102 detects that handover to a
.different time-slot/frequency-channel combination is desirable. After a customary scan
' to determine whether a free channel is available in which the receiving conditions are
better, the Programmable Communication Controller PCC initiates a handover
procedure in accordance with the invention. A primary station BS informs the relevant
secondary station MS that a time slot pair 6, 18 is available and starts to transmit,
parallel to the transmission via the time slot pa1r 3, 15, digital speech from the same
source vig the time slot pair 6, 18, be it shifted in time, the latter speech being referred -
to as'copy .speech data. Even though the copy speech data is transmitted via a different
frequency channel in practical circumstances, for the sake of simplicity it is assumed in
Fig. 3 that the copy data is transmitted via the same frequency channel. In Fig. 3 this
transitional state is denoted by the reference fr, st2, speech data and copy speech data
being represented by oppositely directed shading. In practice it will take a few frames fr
before the copy speech data is valid, considering the customary handshaking beﬁveen
the relevant primary and secondary stations. Until the copy speech data is valid, it is
Stored in a dummy speech buffer SBD under the control of the radio pointer RFP2 -+
which has been loaded by the Programmable Communication Controller, prior to the
storage of copy data from the shift table, with the shift value associated with the time
slot 18, i.e. 6 x 3.33 = 20 buffer locations relative to the shift value of the time slot
12. For Channe| Set-Up, reference is made to pages 201-205 of said handbook by
Tuttlebee. It is to be noted that DECT allows for radio communication of the same
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The reference fr, st3 in Fig. 3 denotes the actual time slot handover.

After the Programmable Communication Controller PCC has detected that the copy data
is valid, a change-over is made to the time slot 18 upon reception of the next frame.
The change-over from the time slot 15 to the time slot 18 is seamless in accordance
with the invention. In the present example this is achieved by replacing the radio pointer
REFP1 by the radio pointer RFP2 which has been shifted 10 buffer locations relative to
REP1. The time difference in the reception relative to the beginning of the frame fr is
thus compensated for, while the speech pointer SPP1 continues to scan the most recent
speech samples, first a part of the "old" speech Samples from the time slot 15 and
subsequently the more recent speech samples from the time slot 18. In the case of a
duplex speech connection vig two time slots 3 and 6, transmission takes place in the
direction of the secondary station until the handover process has been completed. When
the handover process has been completed, denoted by the state fr, st4 in Fig. 3, the
duplex connection extends further via the time slot pair 6, 18.

Figs. 4, 5 and 6 show the handover in accordance with the invention in
greater detail. These Figures show a situation during the state fr, st3 in Fig. 3 in which
a time slot spacing d between the time slots 15 and 18 in terms of buffer locations of
the buffer SBS amounts to 10 buffer locations. The overlapping part of the buffers SBS
and'SBD, having been shifted 10 buffer locations as if it were relative to one another,
contains identical speech samples. Fig. 4 shows the buffers SBS and SBD with the
speech pointer SPP1. The non-overlapping part of the buffer SBD and the buffer SB5,
denoted by a brace, contains the most recent non-overlapping speech data. The
described handover procedure ensures that the speech pointer SPP1 always "sees" the
most recent speech samples. Fig. 5 shows the buffer SBS as a cyclic buffer having 80

' buffer locations 0-79. During the radio connection vig the time slot pair 3, 15, the
speech pointer SPP1 follows the digital speech burst indicated by the radio pointer
RFP1 which is replaced by RFP2 upon handover to the time slot pair 6, 18. In the
present example, the distance between the speech pointer SPP1 and the radio pointer
RFP1 amounts to 2.24 buffer locations (in a practical, discrete situation it amounts to 2
locations) and the distance between the radio pointers RFP1 and RFP2 amounts to 10
buffer locations, the situation shown referring to the beginning of writing of the speech
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di fference between the act uaI i nstant of reception of the dajfa in the

relevant ting slot, in the case of a propagation tine not eqtrat—toZeTU,

and the ki instant of reception with a propagation tine zero. In the
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sawtooth, a correct the spwc pointer SPP1 relative to 10 po

RFP1 is shown. The loading of a speech burst has a duration of 2.24 buffer positions in
DECT. The pointers SPP1 and RFP1 are positioned relative to one another so that they
do not overtake one another. Furthermore, a shading is used to indicate uncertéihty in
reading due to propagation time differences between a secondary station and various
primafy stations. Intra-cellular within DECT, where distances between primary and
secondary stations amount to some 200 meters, the propagation time is negligibly small,
but for other applications where greater distances need be bridged the propagation time
may be of significance. Using the described delay time determining means, the
propagation time can be determined and the radio pointer can be adapted accordingly.
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accordance with the invention. The Figure shows a frame fr hpav)lng a
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M5 - BS, successively in state and st4, denoted by fr, stl;
fr, st2; fr, st3;

1. A digital radio communication system (1), comprising at least one primary

station (BS1) and at least one secondary station (MS1), which stations exchange digital |
data in at least one time slot (ts) of a time multiplex frame (fr) vig at least one

frequency channel, the primary station (BS1) and/or the secondary station

(Ms1)

comprising control means (PCC, PM, DM) which are capable of replacing a first time-

slot/frequency-channel combination (fr, st1) allocated to data exchange by
time-slot/frequency-channel combination (fr, st4), characterized in that the

a second
system (1) is

adapted to exchange, during replacement of the first time- slot/frequency-channel

combination (fr, st1) by the second time-slot/frequency-channel combination (fr, st4),
also a copy of the data in the second time-slot/frequency- channel combination (fr, st2)

during at least one time multiplex frame (fr) in order to store, after verification of the
validity of the copy data, the data and the copy data in a cyclic buffer (SBS) so that a
phase shift (d) between the data and the copy data is eliminated, and to release

subsequently the first ﬁrﬁe—slot/f;equency-channel combination (fr, st1).

2. A digital radio communication system as claimed in Claim 1,

characterized in that the digital data represents compressed digital speech,

the system

(1) comprising a first pointer (RFP) which controls the filling/reading of the cyclic
buffer (SBS) with compressed speech data, and a second pointer (SPP) which controls

the reading/filling of the cyclic buffer (SBS) at a substantially lower speed,

filling/reading of the cyclic buffer (SBS) with compressed speech data and

during

compressed

copy speech data the first pointer (RFP) always being positioned on the cyclic buffer
(SBS) so that the cyclic buffer (SBS) is filled/read with the most recent speech.

3. A digital radio communication system as claimed in Claim 2,
characterized in that the second pointer (SPP) progresses freely along the cyclic buffer

(SBS) in order to read/fill the buffer.
4,

A digital radio communication system as claimed in Claim 1,

2o0r3,

characterized in that the primary station (BS1) comprises delay time determining means

(PCC, PM) for determining a propagation time between transmission by a

primary
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a di ffereft A 'digital radio communication system as claimed in any one of the
preceding Claims, characterized in that the secondary station (MS1) comprises signal
strength measuring means (107) for measuring the signal strength of a radio signal
modulated with the digital data, the control means (PCC, PM, DM) in the secondary
station (MS1) replacing, on the basis of a signal strength of the radio signal measured
by the signal strength measuring means (107), a time-slot/frequency-channel
combination (fr, stl) allocated during data exchange by a different time-slot/frequency-
channel combination (fr, ts4). |
6. A digital radio communication system as claimed in any one of the
preceding Claims, characterized in that the system exchanges the digital data in a duplex
mode via time slot pairs in a time multiplex frame (f1).
7. A digital radio communication system as claimed in any one of the
preceding Claims, characterized in that the system is a cordless telephony system in
which the primary station is a base station and the secondary system is a cordless
telephone set.

| 8. ~ A primary or secondary station for use in a digital radio communication

system as claimed in any one of the Claims 1 to 5, comprising transmission/receiving
means (10) for transmission/reception, respectively, of a radio signal modulated with
digitél data, (de)modulation means (101, 102, PCC, PM, DM) which operate on the
basis of time multiplex for (de)modulation of the digital data, and control means (PCC,
PM, DM) which are capable of replacing a first time-slot/frequency-channel
combination (fr, st1) allocated to data exchange by a second time-siot/frequency-channel
combination (fr, st4), characterized in that the control means (PCC, PM, DM) are
adapted to exchange, during replacement of the first time-slot/frequency-channel
combination (fr, stl) by the second time-slot/frequency- channel combination (fr, st4),
also a copy of the data in the second time-slot/frequency-channel combination (fr, st2)
during at least one time multiplex' frame (fr) in order to store, after verification of the
validity of the copy data, the data and the copy data in a cyclic buffer (SB5) so that a
phase shift (d) between the data and the copy data is eliminated, and to release
subsequently the first time-slot/frequency-channel combination (fr, st1).
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ADPCM provi des digitization of encoded speech data prior to ¢ofpressi on and

transm ssi on and conversi on of

Abstract:

recei ved 18 FEB 1397
14

Digital radio communication system and primary and secondary station for use in such a

system .

A digital radio communication system (1) is known, for example based on

the DECT standard, in which
primary (BS1) and secondary

radio communication of digital speech or data between
(MS1) stations takes place vig duplex FDMA/TDMA

connection. Channel allocation therein is dynamic. If necessary because of the receiving
conditions, the secondary station (MS1) can initiate a so-called handover by searching
for a free channel offering better receiving conditions. In accordance with the invention,
this handover is seamless. First digital speech bursts are exchanged vig different time
slots (ts) during a number of frames (fr), being digital speech data and copy digital
.spwch data. After verification that the copy data is valid, i.e. that communication has
been established via a free channel, handover takes place. The digital data and the copy
data is stored in a cyclic buffer (SBS) so '_that a phase shift (d) between the data and the
copy data is eliminated. Subsequently, the channel vig which the original data was
transported is released. In one embodiment a speech pointer (SPP) for reading speech
freely progresses along th\e cyclic buffer (SBS) and a radio pointer (RFP), progressing
along the buffer (SB5) and controlling the writing of speech bursts, is adapted during
handover to a phase shift (d) between time slots involved in the handover.

Fig. 2A.
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secondary station. The speech pointer SPPl1l, started by the Timng & Control
device 15, freely progresses along the speech buffer SB5 and the ADPCM

devi ce ADPCM reads the digital data porlnt ed out by the speech painter SPRI -
fromthe speech buffer SB5 and converts the digital data into anal og

speech. Wien the speech pointer SPP1 reaches the end of the speech buffer

SB5, it junps to the beginning of the speech buffer SB5 for cyclic scanning

of the speech buffer in 10 ns in DECT,
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being the duration of a frame fr conprising 24 tine slots. T BEMFeMEW- SHEET
speech buffer SB5 is to be considered as a cyclic buffer containing 10 ns
of speech. Each time when a new speech burst arrives in the fe equrF&Dm
the formof conpressed digital speech in the tine slot 15, the C

buffer SB5 is filled again. During filling of the speech buf eP—SBS"Tﬁ‘E'——-

buffer is also read. The radi o pointer REP1, controlling thei{filling
process, is positioned at such a buffer 4 ocation at the begi niif ng of
filling of the buffer SB5 that after filding the speech pointer SPPl is

positioned exactly at the first speech data of the new speech burst. In
DECT the duration of an information burst is 280 [err]s and I'ntThereat—
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the duration of the filling process is equal to the duration ceading

280/ 125 = 2.24 buffer |locations by the LF control device 14. 'II%IPQ T
filling should comrence as from 2.24 buffer locations fromtheg MEMEI[{_ SHE}
poi nter SPPl. For each tine slot in a frame fr, the shift table S']ié Héh |
data nmenory DM contains starting values for the radi o pointer 4997 |
are 12 receiving tinme slots having a duration of 416.7.[err]s the

time slots are shifted 416.7/125 = 3.337%buffer | ocations (in fi be es) '
rel ative to one another. These shift values are al so stored i hthe—~shi-fi

table ST. Prior to the starting of the pointers by the Timng & control

devi ce 15, the Programmabl e Communi cation Controller PCC |oads the radio

pointer RFP1 in conformty with the shift val ue
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associated with the recei vi ng time slot nunber, being the ti ehLC T |
15 in the present exanple. In a practical situation the star Eém@i@g@?fgﬂf
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vfa the corresponding tine slot 3 in the tine slot pair 3, 15, &rk

simlar shifts apply. Subsequently, on the &MEMNT SHEET
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speech buffer SBI,
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| ocations further than in the case of the time slot 12. For transm SSion
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The invention relates to a digital radio communication system, comprising
at least one primary station and at least one secondary station, which stations exchange

 digital data in at least one time siot of a time multiplex frame vig at least one frequency

channel, the primary station and/or the secondary station comprising control means
which are capable of replacing a first time-slot/frequency-channel combination allocated
to data exchange by a second time-slot/ frequency-channel combination. |

The inventon also relates to a primary and a secondary station for use in
such a system.

A digital radio communication system of this kind is known from an
article in Philips Telecommunication Review "DECT, a universal cordless access
system”, Vol. 49, No. 3, September 1991, pp. 68-73. In the known system digital data
is éxchanged, for example in the form of digital coded speech or data, between a
primary DECT station (DECT, Digital European Cordless Telecommunication
standard), being a so-called base station, and a secondary station, being a so-called
handset. In DECT, being a cordless telephony system based on a cellular concept, there
are 10 frequency channels vig which radio communication takes place, in principle in
the duplex mode in time slot pairs, between the base station and the handset. In DECT,
per DECT-TDMA frame of 10 ms there are defined 24 time slots, i.e. 12 for radio
traffic from the base station to the handset and 12 for radio traffic from the handset to
the base station, said time slots forming 12 time slot pairs. Consequently, there are 120
duplex time-slots/frequency-channel combinations or 120 channels in DECT. In a
system such as DECT, in which the physicﬁ' network layer implements an
FDMA/TDMA/TDD radio transmission, the channel allocation is dynamic, i.e. if
channels are required for radio communication, they are dynamicaily allocated from a
set of available channels and, after termination of the communication, they are returned
to the set of available channels. éunhennore, because of the frequently changing
receiving conditions, a comparatively large number of so-called “handovers" occurs,

i.e. the switching over of a radio communication in progress via a given channel to
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secondary station M5 that a tine slot pair 6, 18 is avail abl e ang—starts-t

tkansm+t, parallel to the transmssion via the tine slot pair $, 1§,e
digital speech fromthe sanme source via the tine slot pair 6, }8, i MAR 1999

shifted in time, the latter speech being geferred to as copy spegch data.
Even though the copy speech data is transnmitted via a differen{ frequency

channel in
assuned in
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be seamless, i.e. a user of DECT does not notice the transition from a first time-
slot/frequency-channel combination to a second time-slot/frequency-channel combination
since radio communication is allowed via two different time slot pairs for 2 number of
frames, but the cited standard does not make an implementation proposal.

In the European Patent Application EP 0 430 106 Al a mobile
communication system with handover of communications is described.

In order to minimize temporary interruption of a communication, two
local oscillators are provided so that two RF-channels can be selected. Upon handover,
during idle times of the communication, the propex; channel is selected. In Fig. 5 of EP
0 430 106, a prior art system is described based upon frequency division access, in
which, during haﬁdover, a current base station and a new base station send informatidn
via two different frequency channels to a mobile radio station having two transmitter-
receivers. Such a handover method minimizes a temporary interruption of a
comrmunication but is not truly seamless.

If in such a frequency division system also time division were applied the situation

would even become worse.

It is an object of the present invention to provide a digital radio
communiéation system of the kind set forth in which handover is truly seamiless.

A digital radio communication system in accordance with the invention is
characterized in that the system is adapted to exchange, during replacement of the first
time- slot/frequency-channel combination By the second time-slot/frequency-channel
combination, also a copy of the data in the second time-slot/frequency-channel
combination during at least one time multiplex frame, to store the data in a cyclic buffer
(SB5) and the copy data in a dummy buffer (SBD), and, after verification of the copy
data, to fill a part of the cyclic buffér (SBS) with most recent information from the
dummy buffer, non-overlapping with common information in the cyclic buffer (SBS)
and the dummy buffer (SBD) so that a phase shift between the data and the copy data is

eliminated, and to release subsequently the first time-slot/frequency-channel

- combination. The truly seamless handover is achieved by ensuring, upon a channel
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the relevant primary and secondary stations. Until the copy speech data 1s
valid, it is stored in a dummy speech buffer SBD under the contrpldf "Mpwgg
radi o pointer RFP2 which has been | oaded by the Programmable ni cat1on
Controller, prior to the storage of copy.data fromthe shift tjabfe w4«

the shift value associated with the tinme slot 18, i.e. 6 x 3.33 = 20 buffer
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detected during a handshaking procedure.

An embodiment of a digital radio communication system in accordance
with the invention is characterized in that the digital data represents compressed digital
speech, the system comprising a first pointer which controls the filling/reading of the
cyclic buffer with compressed speech data, and a second pointer which controls the
reading/filling of the cyclic butfer at a substantially lower speed, during filling/reading
of the cyclic buffer with compressed speech data and compressed copy speech data the
first pointer always being positioned on the cyclic buffer so that the cyclic buffer is

filled/read with the most recent speech. Upon reception of data and copy data, the
cyclic buffer is always filled with 2 so-called burst of data at a comparatively high
speed. The first pointer, controlling the write process, is then positioned on that location

in the cyclic buffer wherefrom the next data is fetched by the second pointer which

controls the comparatively slow read process and which in principle progresses freely
along the cyclic buffer, i.e. cyclically along the buffer at a constant speed. For each
time slot the necessary phase shift of the first pointer is stored in a table in the cyclic
buffer and the position of the first pointer on the cyclic buffer is adapted with the
relevant phase shift upod handover of time-slot/frequency-channel combinations. In the
transmission direction, in a duplex connection, transmission always takes place vig two
time-slot/frequency-channel combinations during handover. The first and the second
pointer may then be considered to be quantities which vary in the form of a sawtooth, a
condition then being that the comparatively _fast, first pointer may not cross or overtake
the comparatively slow, second pointer 50 as o enable seamiess handover. The
advantage of a true handover consists in that the user of the radio communication in a
digital speech connection absolutely does not notice the handover, whereas for a data
.connection it is simply achieved that no data is lost.



The reference fr, st3 in Fig. 3 denotes the actual tine slot

After the Programmabl e Comruni cation Controller PCC has dete:B

copy data 11 is valid, a change-over is nmade to the tine

reception of the next frane. The change- quer fromthe tinme sfo

time slot 18 is seanless in accordance with the invention.
exanple this is achieved by replacing the radi o pointer
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A further embodiment of a digital radio communication system in
accordance with the invention is characterized in that the primary station comprises
delay time determining means for determining a propagation time between transmission
by a primary station and reception by a ._e.econda.ry station, the primary station correcting
the phase shift by way of the propagation time determined. A seamless handover can
thus also be achieved in the event of large distances between the primary station and the
secondary station. |

A further embodiment of a digital radio communication system in
accordance with the invention is characterized in that the secondary station comprises
signal strength measuring means for m&suring the signal strength of a radio signal
modulated with the digital data, the control means replacing, on the basis of a signal
strength of the radio signal measured by tiie¢ signal 'strength measuring means, a time-
slot/frequency-channel combination allocated during data exchange by a different time-
slot/frequency combination. As a result, in“the event of changing the receiving
conditions a handover initiated by the handset can take place.

The invention will be described in detail hereinafter with reference to 2
drawing; therein

Fig. 1 shows diagrammatically a digital radio communication system in
accordance with the invention,

Fig. 2A shows diagrammatically a station for use in a digital radio

communication system in accordance with the invention,

Fig. 2B shows transmission/receiving means in a primary or a secondary
_ station, _

Fig. 3 shpws step-wise handover in accordance with the invention, and

Figs. 4, 5 and 6 illustrate the handover in accordance with the invention
in greater detail. _

Fig. 1 shows diagrammatically a digital radio communication system 1 in
accordance with the invention. The system 1 comprises a number of primary or base
stations BS1, BS2, BS3 and BS4. Each primary station BS1, BS2, BS3 and BS4 is
connected to control devices for cordless telephony 6 and 7 vig respective wide band

fixed connections 2, 3, 4 and 5 capable of transporting digital data. The control devices
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connections via radio communication, with or without a duplex connection. A secondary
station may also be a so-called CTA (Cordless Terminal Adapter) whereto further
equipment is coupled, for example a facsimile apparatus 8 and a telephone set 9. When
the digital radio communication system 1 complies with, for example the DECT (Digital
European Cordless Telecommunications) standard, the digital speech connection will be
an FDMA/TDMA/TTD connection. Other connections, however, are also possible. The
construction of the digital radio communication system 1 may be based on a
microcellular concept, for example as defined in the DECT standard. Infer alia in
DECT the radio communication from primary to secondary stations takes place via
time-slot/frequency-channel combinations, i.e. via time slots in transmission frames
which are transported via dynamically allocated frequency channels. In order to enable
radio communication, the primary and secondary stations BS1, BS2, BS3 and BS4 and
MS1, MS2, MS3, MS4 and MSS comprfsé transmission/receiving
means as usual. In this respect reference is made to the cited article in Philips
Telecommunication Review, Vol. 49, No. 3, Segtembei' 1999, pp. 68-73, for different
system configurations within the DECT snnda:&. In a TDD duplex connection as
established in conformity with the DECT standard, per frequency channel 12 time slots
are reserved for communication from the primary to the secondary station and 12 time
slots are reserved for communication from the secondary station to the primary station.

A complete frame comprising 24 time slots then has a duration of 10 ms. In.thc case of
digitized speech, 80 speech samples are trafisported per time siot, i.e. 80 nibbles of
digitized speech data, in DECT ADPCM coded speech of 32 kbit/s. In DECT the
duplex speech connection consists of a time-slot pair in a frame and channel allocation
is dynamic. For a data connection time slots can be combined in a frame if higher
transmission speeds are required. For further details of DECT, inter alia concerning the
establishment of connections, reference is made to the DECT standard and to the
handbook "Cordless Telecommunications in Europe”, W.H.W. Tuttlebee, Springer-
Verlag, 1990, pp. 198-206, and for implementation of a digital radio communication
systém reference is made to pages 209-227 of the cited handbook. Appendix 3, pp. 273-




Figs. 4, 5 and 6 show the handover in accordance with the in

greater detail. These Figures show a situation during the stcmHKGEMENT SHEET
Fig. .3 in which a tine slot spacing d between the tinme slots
terns of buffer |ocations of the buffer SB5 anpbunts to 10 buffe qg momg
The overl apping part of the buffers SB5 aRd SBD, having been {sHifted

buffer locations as if it were relative to one another, contgi ns—+denrt+eat
speech sanples. Fig. 4 shows the buffers SB5 and SBD with the speech
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layer structure. In DECT the so-called MAC (Medium Access Control) protocol layer,

* being defined above the so-called "physical layer”, provides the establishment of
physical connections, i.e. the establishment, maintenance and release of physical
channels. The so-called MGE (Management Entity), controlling the lower four DECT
layers, inter alia takes decisions in respect of initiating a handover when the quality of
the radio connection is no longer adequate.

Fig. 2A shows diagrammatically a.station for use in a digital radio
communication system 1 in accordance with the invention. The station comprises
transmission/receiving means 10 for transmitting/receiving a radio signal modulated
with digital data vig an aerial 11, and also control means which are capable of replacing
a first time-slot/frequency-channel combination allocated to data exchange by a second
time-slot/frequency channel combination in a manner yet to be described. Thé control
means comprise a Programmable Commurication Controller PCC which is coupled to
an address bus ADB and a data bus DTB, a program memory PM for storing a control
program, an address multiplexer/bus controller 12, and a data memory DM. For
handover in accordance with the invention, the control means also comprise buffers SB
and 2 shift table ST in the data memory DM, an RF control device 13 which is coupled
to the address bus ADB and the data bus DTB and to the transmission/receiving means
10 and which comprises a modulo-80 counter or first pointer RFP, an LF control device
14 which is coupled to the address bus ADB and the data bus DTB and which
comprises a modulo-80 counter or second pointer SPP, and a timing and control device

15 which is driven by the transmission/receiving means 10 so as to control the modulo-
80 counters RFP and SPP. In the present embodiment, the pointers REP and SPP are
proportioned in conformity with the data bursts of 80 speech samples to be exchanged
vig the time-slot/frequency-channel combinations in the case of digitized speech. When
different numbers of samples or data are used, the pointers are adapted accordingly. In
accordance with the invention, the first pointer is loaded with an initial value, stored in
the shift table ST, by the Programmable Communication Controller PCC, after which it
is started by the Timing & Control device 15, the second pointer SPP progressing



nost recent speech sanples. Fig. 5 shows the buffer SB5 as a g&gngMgmesHEH
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slot pair 3, 15, the speech pointer SPP1 follows the digital {spe@ch MAR999
i ndi cated by the radi o pointer RFP1 whi ch, is replaced by RFP2 gpon handover
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buffer locations, the situation shown referring to the beginning of witing
of the speedhe Figs. 3 to 6. When the station is a secondary station, it also comprises a si
processing device 16 which is coupled to the LF control device 14 and which comprises
as usual A/D and D/A converters and a CODEC for converting and (de)coding speech
in digitized speech and vice versa. For speech a microphone 17 and a loudspeaker or
other acoustic converter 18 are coupled to the signal processing device 16, and for data,
for example a Facsimile apparatus 19 is coupled thereto via a modem 20. When the

station is a primary station, the LF control device 14 is coupled in a customary manner

to signal units of the primary station (not shown).

Fig. 2B shows the transmission/receiving means 10 in the primary or the
secondary station. The transmission/receiving means 10 comprise a transmitter 101 and
a receiver 102 for transmitting and receiving, respectively, a radio signal, modulated
with digital data, vig the aerial 11. The transmission/receiving means 10 also comprise
a transmission/reception switch 103 for switching over from transmission to reception
and vice versa. Via a multiplexer 104, the transmitter 101 is coupled to the RF control
device 13 of Fig. 2A and the receiver 102 is coupled to the device 13 vig a
demultiplexer 105. The muitiplexer 104 and the demultiplexer 105 add control and
synchronization information to data streams or rémove this information from the data
streams. For the sake of simplicity, qnlj data lines are shown. For a description of
multiplexing of logic in physical channels in DECT, reference is made to pages 280-281
of the cited handbook by Tuttlebee. The transmission/ receiving frequency can be varied
by varying the frequency of a local oscillator 106 which is coupled to the transmitter
101 and the receiver 102. The transmission/reception switch 103, the multiplexer 104,
the demultiplexer 105, and the local oscillator 106 can be driven by the Programmable
Communication Controller PCC, vig control lines ctl. When the station is a secondary
station, the transmission/receiving means 10 also comprise signal strength measuring
means 107 which are coupled to a data line dl of the demultiplexer 105 and which
supply the PCC with information concerning the signal strength of radio signals
received vig a given frequency channel. On the basis of various signal strength
measurements, a control program stored in the program memory PM as shown in Fig.
2A can decide for a handover. When the station is a primary station, it comprises delay
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varying -as a sawtooth, a correct situation of the speech poi o e nan
relative to the radio pointer RFPI is shown. The | oadi ng of sp ﬁh#ﬁqﬁ?
has a duration of 2.24 buffer positions ig DECT. The pointer

are positioned relative to one another so that they do not over
another. Furthernore, a shading is used to indicate uncertainty in

time determining means for determining a propagation time¢ between transmission by a
primary station and reception by a secondary station. The delay time determining
means, formed by a program section in the primary station in the program memory PM,
can determine the propagation time as follows. After a radio connection has been
established on a free channel via a time?slotlfrequency-chamel combination, i.e. the
secondary station is synchronized with the primary station, the primary station receives
data from the secondary station in a given time slot. In the synchronized state, in the
case of a propagation time zero the primary station knows when it should receive the
data. The primary station determines the propagation time on the basis of the difference
between the actual instant of reception of the data in the relevant time slot, in the case
of a propagation time not equal to-zero, and the known instant of reception with a
propagation time zero. In the synchronized state. the primary station can also transmit a
test signal in order to determine the propagation time. When this test signal is returned
immediately by the secondary station in a corresponding time slot, for example in
DECT, the primary station receives the returned test signal 5 ms + two times the
propagation time later than the instant of its transmission by the station itself, so that the
primary station can determine the propagation time therefrom.

Fig. 3 step-wise illustrates handover in accordance with the invention. The
Figure shows a frame fr having a duration of 10 ms and comprising 12 time slots ts for
communication from a primary station BS to a secondary station MS, BS — MS, and 12
time slots for communication from the secondary station MS to the primary station BS,
MS - BS, successively in states stl, st2, st3 and st4, denoted by fr, stl; fr, st2; fr, st3;
and fr, st4. The frame sequence fr, stl; fr, st2; fr, st3; and fr, si4 represents
replaéement of a first time-slot/frequency-thannel combination by a second time-
slot/frequency-channel combination with handover in dccordance with the invention. Per
time slot 320 information bits can be transifitted in DECT. The time slots ts are

numbered from O to 23. Also shown are speech buffers SBI to SBS and a dummy
speech buffer SBD which form part of the data memory DM as shown in Fig. 2A, and
also a first or radio pointer RFP1 and a second or speech pointer SPP1. The first
pointer RFP1, being a modulo-80 counter, points to a location of the speech buffer SBS,
and the second pointer SPP1, aiso being a modulo-80 counter, points to a different -
location of the cyclic speech buffer SBS. Also shown is an ADPCM (Adaptive
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accor di ngl y.device 16 shown in Fig. 2A. The ADPCM device ADPCM provides digitization of
encoded speech data prior to compression and transmission and conversion of received
and expanded speech data to an analog speech signal intended for reproduction. For the
present example it is assumed that a radio connection has been established in the state
st! vig the time slot pair 3, 15 for the transmission and reception, respectively, of
digital spesch data by a secondary station. The spesch pointer SPP1, started by the
Timing & Control device 15, freely progresses along the speech buffer SB5 and the
ADPCM device ADPCM reads the digital data pointed out by the speech pointer SPP1
from the speech buffer SBS and converts the digital data into analog speech. When the
speech pointer SPP1 reaches the end of the speech buffer SBS, it jumps to the beginning
of the speech buffer SBS for cyclic scanning of the speech buffer in 10 ms in DECT,
being the duration of a frame fr comprising 24 time slots. Therefore, the speech buffer
SBS is to be considered as a cyclic buffer containing 10 ms of speech. Each time when
a new speech burst arrives in the receiver 102 in the form of compressed digital speech
in the time siot 15, the cyclic buffer SBS is filled again. During filling of the speech
buffer SBS, this buffer is also read. The radio pointer RFP1, controlling the filling
process, is positioned at such a buffer location at the beginning of ﬁllihg of the buffer
SBS that after filling the speech pointer SPP1 is-positioned exactly at the first speech
data of the new speech burst. In DECT the duration of an information burst is 280 us
and in the read mode a buffer location corresponds to 10 ms/80 = 125 us. Therefore,
the duration of the filling process is equal to the duration of reading 280/125 = 2.24
buffer locations by the LF control device 14. Therefore, filling should commence as
from 2.24 buffer locations from the speech pointer SPP1. For each time slot in a frame
fr, the shift table ST in the data memory DM contains starting values for the radio
pointer RFP1. There are 12 receiving time slots having a duration of 416.7 us, i.e. the
time slots are shified 416,7/125 = 3.33 buffer locations (in nibbies) relative to one

another. These shift values are also stored in the shift table ST. Prior to the starting of
the pointers by the Timing & control device 15, the Programmable Communication
Controller PCC loads the radio pointer RFP1 in conformity with the shift value
associated with the receiving time slot number, being the time slot number 15 in the
present example. In a practical situation the starting values for the radio pointer RFPI
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mul tiplex frame (fr) via a frequency chajpel, the prinmary statii on (BS1)

and/ or the secondary station (MS1l) conprising control neans ?(FECC, PM™ DV

whi ch are capable of replacing a first tine-slot/frequency-ehannel

combi nat i onc4f pe shdskn 3b tRAAT6E the! frstifiing stotcihe eadip pdirtercRFP] is positioned two
ti me-slot/frequency-channel conbination (fr,st4), characterized in that the

system (1) bsfferimpatinhstforthercinhe speccly buffgr SB) thancise speash poiater sPEL. For the
time-siot/f Ei?n%us?&cfg, %Rea pz%?c': p&%@r"l@ﬁsf Sbuld &lbﬁtble)pogi’ﬁohg? 35€§93%= 10 buffer
locations further than in the case of the time slot 12. For transmission vig the
corresponding time slot 3 in the time slot pair 3, 15, from the speech buffer SBI,
similar shifts apply.
Subsequently, on the basis of signal strength measurements performed by
the signal strength measuring means 107, the receiver 102 detects that handover to a
different time-slot/frequency-channel combination is desirable. After a customary scan
to determine whether a free channel is available in which the receiving conditions are
better, the Programmable Communication Controller PCC initiates a handover
procedure in accordance with the invention. A primary station BS informs the relevant
secondary station MS that a time slot pair 6, 18 is available and starts to transmit,
parallel to the transmission via the time slot pair.3, 15, digital speech from the same
source vig the time slot pair 6, 18, be it shifted in time, the latter speech being referred
to as copy speech data. Even though the copy speech data is transmitted vig a different
frequency channel in practical circumstani:es, for the sake of simplicity it is assumed in
- Fig. 3 that the copy data is transmitted vig the same frequency channel. In Fig. 3 this
transitional state is denoted by the reference fr, st2, speech data and copy speech data
being represented by oppositely directed shading. In practice it will take a few frames fr
before the copy speech data is valid, considering the customary handshaking between
the relevant primary and secondary stations. Until the copy speech data is valid, it is
stored in a dummy speech buffer SBD under the control of the radio pointer RFP2
which has been loaded by the Programmabie Communication Controller, prior to the
storage of copy data from the shift table, with the shift value associated with the time
slot 18, i.e. 6 x 3.33 = 20 buffer locations:relative to the shift value of the time slot
12. For Channel Set-Up, reference is made to pages 201-205 of said handbook by
Tuttlebee. It is to be noted that DECT allows for radio communication of the same
speech data vig different time-siot/frequency-channel combinations during a multiframe
comprising 16 frames. _
The reference fr, st3 in Fig. 3 denotes the actual time slot handover.
After the Programmable Communication Controller PCC has detected that the copy data
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A digital ragith thoinvemionaln dre pyesént examplel ﬂmnmdchuuvﬁ by replacing the radio pointer
RFPI1 by the radio pointer RFP2 which has been shifted 10 buffer locations relative to
RFP1. The time difference in the reception relative to the beginning of the frame fr is
thus compensated for, while the speech pointer SPP1 continues to scan the most recent
speech samples, first a part of the "old" speech samples from the time slot 15 and
subsequently the more recent speech samples from the time siot 18. In the case of a
duplex speech connection vig two time slots 3 and 6, transmission takes place in the
direction of the secondary station until the handover process has been completed. When
the handover process has been completed, denoted by the state fr, st4 in Fig. 3, the
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duplex connection extends further via the time slot pair 6, 18.

Figs. 4, 5 and 6 show the handover in accordance with the invention in
greater detail. These Figures show a situation during the state fr, st3 in Fig. 3 in which
a time slot spacing d between the time slots 15 and 18 in terms of buffer locations of
the buffer SBS amounts to 10 buffer locations. The overlapping part of the buffers SB5
and SBD, having been shifted 10 buffer locations as if it were relative to one another,
contains identical speech samples. Fig. 4 shows the buffers SB5 and SBD with the
speech pointer SPP1. The non-overlapping part of the buffer SBD and the buffer SBS,
denoted by a brace, contains the most recent non-overlapping speech data. The
described handover procedure ensures that the speech pointer SPP1 always "sees” the
most recent speech samples. Fig. 5 shows the buffer SBS as a cyclic buffer having 80
buffer locations 0-79. During the radio connection via the time slot pair 3, 15, the
speech pointer SPP1 follows the digital speech burst indicated by the radio pointer
RFP1 which is replaced by RFP2 upon handover to the time slot pair 6, 18. In the
present example, the distance between the speech pointer SPP1 and the radio pointer

* RFP1 amounts to 2.24 buffer locations ('xn a practcal, discrete situation it amounts to 2
locations) and the distance between the radio pointers RFP1 and RFP2 amounts to 10
buffer locations, the situation shown referring to the beginning of writing of the speech
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characterized in that the digital data represents conpressed
speech, the system (1) conprising a first pointer (RFP) which

filli ng/ readi ng of the cyclic buffer (SB5) with conpressed sp
[err] second pointer (SPP) which controls, the reading/filling
buffer (SB5) at a substantially |ower spéed, during filling/r

cyclic buffer (SB5) wth conpressed speech data and conpresse
data the first pointer (RFP) always being positioned on the c
(SB5) so thabtrgthe cyclic buffer (SB5) is filled/read with the
speech. 3. urst. A digital radio comunication systemas c
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sawtooth, a correct situation of the speech pointer SPP1 relative to the

radio pointer

RFP1 is shown. The loading of a speech burst has a duration of 2.24 buffer positions in
DECT. The pointers SPP1 and RFP1 are positioned relative to one another so that they
do not overtake one another. Furthermore, a shading is used to indicate uncertainty in
reading due to propagation time differences between a secondary station and various

primary stations. Intra-cellular within DECT, where distances between
secondary stations amount to some 200 meters, the propagation time is

primary and
negligibly small,

but for other applications where greater distances need be bridged the propagation time
may be of significance. Using the described delay time determining means, the
propagation time can be determined and the radio pointer can be adapted accordingly.
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Claims

1. A digital radio communication system (1), comprising at least one primary
station (BS1) and at least one secondary stz.tipn (MS1), which stations exchange digital
data in a time siot (ts) of a time multiplex frame (fr) via a frequency channel, the
primary station (BS1) and/or the secondary station (MS1) comprising control means
(PCC, PM, DM) which are capable of replacing a first time-slot/frequency-channel
combination ({r,stl) allocated to data exchange by a second time-slot/frequency-channel
combination (fr,st4), characterized in that the system (1) is adapted to exchange, during
replacement of the first time-slot/frequency-channel combination (fr,st1) by the second
time-slot/frequency-channel combination (fr,st4), also a copy of the data in the second
time-slot/frequency-channel .combination (fr,st2) during at least one time multiplex
frame (fr), to store the data in a cyclic buffer (SBS) and the copy data in a dummy
buffer (SBD), and, after verification of the copy data, to ﬁll a part of the cyclic buffer
(SB5) with most recent information from the dummy buffer, non-overlapping with
common information in the cyclic buffer (SB5) and the dummy buffer (SBD) so that a
phase shift (d) between the data and the copy data is eliminated, and to release
subsequently the first time-slot/frequency-channel combination (fr,stl).

2. A digital radio communicatien system as claimed in Claim 1,
characterized in that the digital data represents compressed digital speech, the system
(1) comprising a first pointer (RFP) which coritrols the filling/reading of the cyclic
buffer (SBS) with compressed speech data, and second pointer (SPP) which controls
the reading/filling of the cyclic buffer (SBS) at a substantially lower speed, during
filling/reading of the cyclic buffer (SBS) With compressed speech data and compressed
copy speech data the first pointer (RFP) always being pasitioned on the cyclic buffer
(SBS) so that the cyclic buffer (SBS) is filled/read with the most recent speech.

3. A digital radio communication system as claimed in Claim 2,
characterized in that the second pointer (SPP) progresses freely wlong the cyclic buffer
(SBS) in order to read/fill the buffer.

4. A digital radio communication system as claimed in Chim 1, 2 or 3,
characterized in that the primary station (BS1) compnsa delay time determining means
(PCC, PM) for determining a propagation nme between transmission by a primary
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5. A digital radio communication system as claimed in any one of the
preceding Claims, characterized in that the secondary station (MS1) comprises signal
strength measuring means (107) for measuring the signal strength of a radio signal
modulated with the digital data, the control means (PCC, PM, DM) in the secondary
station (MS1) replacing, on the basis of a signal strength of the radio signal measured
by the signal strength measuring means (107), a time-slot/frequency-channel
combination (fr, stl) allocated during data exchange by a different time-siot/frequency-
channel combination (fr, ts4). '

6. A digital radio communication system as claimed in any one of the
preceding Claims, characterized in that the system is adapted to exchange the digital data
in a duplex mode via time slot pairs in a time muitiple frame (fr).

7. A digital radio communication system as ciaimed in any one of the
preceding Claims, characterized in that the system is a cordless telephony system in
which the primary station is a base station and the secondary system is a cordless
telephone set.

8. A primary or secondary station for use in a digital radio communication
system as claimed in any one of the Claims 1 to 5, comprising transmission/receiving
means (10) for transmission/reception, respectively, of a radio signal modulated with
digital data, (de)rﬁodulaﬁon means (101, 182, PCC, PM, DM) which operate on the
‘basis of time multiplex for (de)modulation of the digital data, and control means (PCC,
PM, DM) which are capable of replacing a first time-slot/frequency-channel
combination (fr, st1) allocated to data exckrange by a second time-slot/frequency-channel
combination (fr, st4), characterized in that the control means (PCC, PM, DM) are
adapted to exchange, during replacement oi"-the first time-slot/frequency-channel
combination (fr, st1) by the second time—slo_t/frequenqy-channel combination (fr, st4),
also a copy of the data in the second time-slot/frequency-channel combination (fr, st2)

during at least one time multiplex frame (fr) to store the data in a cyclic buffer (SB5)



6. A di gital—radie—commrication system as cI ai rredi REPRAGEMENTSHEET

t,he precedi ng d ains d In that the systemis adamted fo
exchange the dj 9' ﬂ‘“H i‘mmi“ | ex node via tinme sl ot paliri
mul t'i pl e frame (f ~A digital radio communicatijo ;temas

clainmed in any one of the preced| ng Claimns, characd in that the--*:,-ys-t--erﬁ--r-s--arl
cordl ess tel ephony systemin which the primary statlon I s a jpbase statlon

and the secondary systemis a cordl ess tel ephone set. 8. X prinary
or secondar yndthet ¢opy date ins duinmyabuffeyi (SBD); andl, @f@omﬁm@puqfﬁhsygmé Bsto

claimed in 4y, ong of tnd §enC'oisEP dns) Wit il Rkt HfbrilA8R Hobf b UdRRg' v N9
buffer, non-overlapping with common information in the cyclic buffer (SB5) and the
dummy buffer (SBD) so that a phase shift (d) between the data and the copy data is
eliminated, and to release subsequently the first time-slot/frequency-channel combination

(fr, stl).
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Abstract

A digital radio communication system (1) is known, for example based on
the DECT standard, in which radio communication of digital speech or data between
primary (BS1) and secondary (MS1) stations takes place vig duplex FDMA/TDMA
connection. Channel allocation therein is dynamic. If necessary because of the receiving
conditions, the secondary station (MS1) can initiate a so-called handover by searching
for a free channel offering better receiving condmons In accordance with the invention,
this handover is seamless. First digital speech bursts are exchanged vig different time
slots (ts) during a number of frames (fr), being digital speech data and copy digital
'speech data. After verification that the copy data is valid, i.e. that communication has
been established via a free channel, handover takes place. The digital data and the copy
data is stored in a cyclic buffer (SBS) so that a phase shift (d) between the data and the
copy data is eliminated. Subsequently, the channel vig which the original data was
transported is released. In one embodiment a speech pointer (SPP) for reading speech
freely progresses along the cyclic buffer (SBS) and a radio pointer (RFP), progressing
along the buffer (SBS) and controlling the writing of spesch bursts, is adapted during
handover to a phase shift (d) between time slots involved in the handover. '

Fig. 2A.
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