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Description
BACKGROUND

[0001] The presentinvention relates to radio systems,
and more particularly to a method and apparatus for ap-
plying frequency hopping (FH) spread spectrum, in ra-
diocommunication systems operating in the presence of
interference.

[0002] Inrecent decades, progress in radio and VLS|
technology has fostered widespread use of radio com-
munications in consumer applications. Portable devic-
es, such as mobile radios, can now be produced having
acceptable cost, size and power consumption.

[0003] Although radio communications technology to-
day is focused mainly on voice communications, for ex-
ample, handheld radios, cellular phones and the like,
likely expansion in the near future promises to provide
greater information flow to and from other types of no-
madic devices such as mobile fax and mobile Internet
browsers, and fixed devices such as computers and
base stations. More specifically, it is likely that further
advances in radio communications technology will pro-
vide very inexpensive radio equipment, which can be
easily integrated into many kinds of devices. Advances
in radio communications promises to reduce the need
for cable-based services that are currently in favor. For
example, master devices may communicate with re-
spective peripherals over wireless links, thus eliminating
the need for cables.

[0004] To accommodate the rapid expansion of radio
communications services extensive bandwidth is re-
quired. An unlicensed band with sufficient capacity to
allow for high data rate transmissions would be desira-
ble. A suitable band for such an endeavor may be found
in the ISM (Industrial, Scientific and Medical) band at
2.45 GHz, which is globally available. The band pro-
vides 83.5 MHZ of radio spectrum roughly centered at
2.45 GHz.

[0005] To allow different radio networks to share the
same radio medium without coordination, signal spread-
ing is usually applied. In fact, the United States Federal
Communications Commission (FCC) presently requires
commercial radio equipment operating in the 2.45 GHz
band to apply some form of spreading when the transmit
power exceeds about 0dBm. Spreading can either be at
the symbol level by applying direct-sequence (DS)
spread spectrum or at the channel level by applying fre-
quency hopping (FH) spread spectrum. The latter is at-
tractive for the radio applications mentioned above
since it more readily allows the use of cost-effective ra-
dios.

[0006] Spread spectrum using DS spreading involves
modulating a carrier waveform with a data signal x(t).
The data modulated carrier is then modulated further
with a wideband spreading signal g(t) and transmitted.
To decode the transmission a synchronized replica of
the spreading signal g(t-Td), where Td is a receiver es-
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timate of propagation delay, is remodulated with the re-
ceived signal and, if properly synchronized (e.g., if the
estimate Td is correct), a despread signal can be de-
modulated and recovered. In FH systems using M-ary
Frequency Shift Keying (MFSK), k = log,M information
bits are used to determine which one of M frequencies
are to be transmitted for each "hop". MFSK is a com-
monly used modulation method to achieve spreading.
For more detailed information regarding direct se-
quence and frequency hopping spread spectrum, see
Digital Communications, Fundamentals and Applica-
tions, Bernard Sklar, 1988, Prentice Hall, pp 550, et.
seq.

[0007] Both spreading methods have their merits and
drawbacks. Direct sequence (DS) spread spectrum, for
example, has been able to deliver high, per channel raw
data rates, but may be limited in the number of overlap-
ping cells that can be supported before a DS system
beginstointerfere with itself. Frequency hopping spread
spectrum, conversely, does not suffer to the same de-
gree from the self-blocking tendency of DS. Frequency
hopping systems may support substantially more over-
lapping cells before system performance begins to de-
grade. However, the raw data rates delivered by FH sys-
tems have, historically, been substantially below that of
DS. On balance however, given the present state-of-
the-art, FH spreading results in less complex and
cheaper radio transceivers than DS spreading.

[0008] The 2.45 Ghz ISM band is presently available
for any system fulfilling the part 15 rules as required by
the FCC. In Europe and Asia, similar rules are set by
communications authorities. Systems operating in the
ISM band therefore must deal effectively with a variety
of sources of unknown and unpredictable interference
due to the wide array of different systems which may
transmit freely in the ISM band. Ironically, the most sig-
nificant interference sources at present in the 2.45 GHz
ISM band are not communication devices but are micro-
wave ovens.

[0009] Microwave ovens presently operate in a band
ranging from about 2.44 GHZ to 2.48 GHZ and must
abide by separate FCC rules, namely FCC part 18,
which rules are less stringent than those found within
FCC part 15. FCC part 18, allows for higher signal pow-
ers and broader signal spectra thus increasing the like-
lihood of interference between, for example, microwave
ovens and radio communication devices. Moreover, the
interference from microwave ovens is relatively unpre-
dictable compared to other interference sources and
may depend on the make of the oven, the type of food
being heated, andthelike. Nevertheless, because of the
nature of interferers like microwave ovens which may
be present across the frequency spectrum special prob-
lems may arise which call for special solutions not read-
ily found in prior art systems.

[0010] One such system is disclosed in U.S. Patent
No. 5,436,906 issued to Kasuya et al (hereinafter "Kas-
uya"). Kasuya discloses a radio telecommunication sys-
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tem which uses a non designated time slot when signal
quality decreases below a quality criterion for a signal
in a first time slot.

[0011] U.S. Patent No. 5,436,906 to KASUYA et al.
describes a TDMA communications protocol between a
base-station and a mobile terminal. If one of the receiv-
ers (either in the base-station or in the mobile terminal)
detects a higher bit error rate (BER) than a predeter-
mined threshold a process will be initiated to use more
than one time-slot. The system first checks if there are
unused time-slots. If this is the case one or more addi-
tional time-slots will be allocated. Information is then
sent on two or more time-slots. The receiver can then
compare the BER of the different time-slots and use the
one with the lowest BER. The extra time-slots can later
be released if signal quality improves.

[0012] U.S. Patent No. 5,663,957 to DENT describes
a TDMA system which utilizes two time-slots when
neededin orderto maintain good received signal quality.
See especially claims 1, 5 and 6. document 2 also men-
tions FH and TDD. See especially column 23, row 37 to
column 24, row 23 and column 3, rows 50 to 56.
[0013] U.S. Patent No. 5,390,166 to ROHANI et al.
describes a communication system operating according
to frequency hopping code division multiple access
(FH-CDMA). The receiver receives several time slots
and either combines them or selects the best slot to pro-
duce an output signal.

[0014] U.S. Patent No. 4,616,364 to LEE describes a
digital hopped frequency, time diversity system that
transmits a piece of information on different frequencies.
The receiver selects the best signal.

[0015] WO99/14885 to NOKIA describes a TDMA ra-
diotelephone system wherein a base station transmits
a slot and a repeat of the slot to a mobile station.
[0016] While the above mentioned systems address
certain issue and problems primarily in TDMA type sys-
tems, none address the impact of a time and frequency
varying interferer on an FH channel. It would therefore
be appreciated in the art for a method and apparatus for
reducing the impact of an interferer on a FH communi-
cation channel.

SUMMARY

[0017] To reduce the impact of an interferer, particu-
larly a band-limited time-varying interferer, a method
and apparatus for FH/TDD systems is disclosed.
[0018] Itistherefore an object of the present invention
to provide a method and apparatus capable of reducing
the impact of time-varying interference from unpredict-
able sources on a radio communication system

[0019] In accordance with one aspect of the present
invention, the foregoing and other objects are achieved
in a method and apparatus for radio communications
which uses frequency and time diversity oriented spread
spectrum modulation and may add an additional link de-
pending on interference characteristics.
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[0020] According to the present invention, there is
provided a method of communicating a plurality of data
packets from a transmitter to a receiver in a radioc com-
munication system, comprising the steps of:

establishing afirst radio link between the transmitter
and the receiver, wherein the first radio link is one
out of every ntime slots, n > 1; characterised by the
steps of

establishing a second radio link between the trans-
mitter and the receiver, wherein the second radio
link is a different one out of every n time slots; and
transmitting each of the plurality of data packets
over both the first and second radio links, whereby
the receiver receives each of the data packets
twice, and

wherein each of the first and second radio links
uses a frequency hopping channel, and wherein for
each of the plurality of data packets, transmission over
the first radio link occurs on a different hop frequency
than is used for transmission over the second radio link.
[0021] According to another aspect of the present in-
vention, there is provided an apparatus for communicat-
ing a plurality of data packets from a transmitter to a
receiver in a radio communication system, comprising:

means for establishing a first radio link between the
transmitter and the receiver, wherein the first radio
link is one out of every ntime slots, n> 1; charac-
terised by

means for establishing a second radio link between
the transmitter and the receiver, wherein the second
radio link is a different one out of every ntime slots;
and

means for transmitting each of the plurality of data
packets over both the first and second radio links,
whereby the receiver receives each of the data
packets twice, and

wherein each of the first and second radio links
uses a frequency hopping channel, and wherein for
each of the plurality of data packets, transmission over
the first radio link occurs on a different frequency than
is used for transmission over the second radio link.
[0022] In accordance with another aspect of the
present invention, the second radio link may be estab-
lished at an offset m, measured generally with respect
to number of time slots, from the first radio link. The off-
set m may be variable and can be greater or less than
the number of n as described herein above.
[0023] In accordance with still another aspect of the
present invention, each of the first and second radio
links utilizes a frequency hopping channel and for each
of the plurality of data packets, transmission over the
first radio link occurs using a different frequency hop se-
quence than is used for transmission over the second
radio link.
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[0024] In accordance with still another aspect of the
present invention, further time and frequency diversity
may be achieved in that the plurality of data packets as-
sociated with one of the first and second radio links may
be delayed with respect to another of the first and sec-
ond radio links such that each of the plurality of data
packets associated with the first and the second radio
links are desynchronized by adding a delay at some
point prior to transmission of the plurality of data pack-
ets. The delay may be compensated for in a receiver
such that each of the plurality of data packets are re-
synchronized.

[0025] In accordance with still another aspect of the
present invention, transmission for each of the plurality
of data packets may occur using a different hop frequen-
cy for the first radio link than for the second radio link to
further assure frequency diversity between data packets
transmitted on the first and second radio links.

[0026] Providing diversity improves reception in a ra-
dio communication system exposed to interference,
thus in accordance with yet another aspect of the
present invention, the second radio link may be estab-
lished in response to detection by the receiver of recep-
tion quality problems associated with the first radio link.
Accordingly, the second radio link may be terminated in
response to detection by the receiver of an absence of
reception quality problems associated with the first radio
link.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The objects and advantages of the invention
will be understood by reading the following detailed de-
scription in conjunction with the drawings, in which:

FIG 1 is a diagram illustrating exemplary cartier al-
location in the 2.45 GHz ISM band;

FIG 2 is a diagram illustrating an exemplary FH ra-
dio transceiver configured to operate in the 2.45
GHz ISM band;

FIG 3 is a diagram illustrating an exemplary FH/
TDD channel in accordance with the present inven-
tion;

FIG 4A is a diagram illustrating an exemplary phys-
ical link in accordance with the present invention;
FIG 4B. is a graph illustrating signal power of an
exemplary time-varying interferer.

FIG 5A is a diagram illustrating an exemplary voice
stream being packaged for transmission over a first
and second link in accordance with an embodiment
the present invention;

FIG 5B is a diagram illustrating an exemplary first
and second link in accordance with an embodiment
the present invention;

FIG 6 is a diagram illustrating an exemplary firstand
second link in accordance with a further embodi-
ment the present invention; and

FIG 7 is a diagram illustrating an exemplary firstand
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second link in accordance with a still further embod-
iment the present invention.

DETAILED DESCRIPTION

[0028] The various features of the invention will now
be described with reference to the figures, in which like
parts are identified with the same reference characters.
[0029] Since the ISM band at 2.45 GHz has been
opened for commercial applications, many products
have been introduced providing wireless communica-
tions in these bands. The usage of the band is restricted
in the US by the Part 15 rules of the FCC and in Europe
by the ETS 300 328 of the ETSI. In other countries
throughout the world, similar rules may apply. In short,
as previously described, the rules require systems op-
erating in the ISM band to spread their transmit signal
power over the band in order to spread the interference
they produce and to increase interference immunity at
the receiver. Spreading may be obtained either by FH
spreading or DS spreading.

[0030] Thus, generally, the FH system of the present
invention uses a FH/TDD channel divided into time slots
in a radio communications system including a transceiv-
er which alternately transmits and receives. Each time
slotmakes use of a different frequency. The frequencies
are selected according to a pseudo-random hop se-
quence. Physical links can be established by reserva-
tion of time slots spaced at a fixed interval. The informa-
tion to be transferred from, for example, a sampled voice
stream, may be divided into segments and compressed
into packets with each packet being sent in a time slot
belonging to the physical link. In case of heavy interfer-
ence, a second link is established which conveys the
same information as the first link, however delayed by
a fixed delay. The extra link is requested by the unit that
experiences quality problems in its receiver. After a ne-
gotiation phase between the units, the additional link is
established. The unit receiving the two links receives the
same information packet twice, but the corresponding
packets will be received at different frequencies and at
different times. As a result, both frequency diversity and
time diversity are obtained which provide immunity
against time-varying, band-limited interferers. The com-
bining of the two packets can be done in different ways.
The second link will result in a reduction of capacity of
the system and should only be used for as long as the
interferer is active. When the recipient experiences a
good quality on both the links, one link can be released.
Note that the extra link can be established for each di-
rection separately: an extra link is set up only for the
direction where the receiver experiences interference
problems. If in a duplex link, both receivers are affected,
an extra link in both directions may be set up. If after a
while the interference vanishes, the extra link can be re-
leased to provide more capacity.

[0031] FH systems operating in the US in the 2.45
GHz band are required to use at least 75 hop frequen-
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cies. Recently, a standard has been developed by the
IEEE (IEEE 802.11) for WLAN application. Both a FH
version and a DS version have been defined. For the
FH version, as is illustrated in FIG 1, band 100, which
represents the ISM band at 2.45 GHz, ranges from f_at
around 2400 MHZ to f, at around 2483.5 MHZ and may
be divided into 79 hop carriers f; 130 centered at fre-
quencies spaced 1 MHZ apart from each other.

[0032] A general diagram for a radio transceiver suit-
able for use in a FH radio unit in accordance with the
present invention is shown in FIG 2. Transceiver 200
includes transmit section 210 and receive section 220
which may communicate with corresponding sections of
another transceiver (not shown) using frequency hop-
ping from one cartier to another carrier according to a
pseudo-random hop pattern shared by all connected ra-
dio units. As long as all radio units are hop synchronized,
that is hop according to the identical hop pattern em-
ployed, for example, in transceiver transmit and receive
sections 210 and 220, they will simultaneously use the
same carrier, and thus stay in contact. An input signal
221 may be encoded by an encoder 222 in transmitter
section 220 and passed to modulation / up-conversion
block 223 where further modulation, power spreading in
accordance with FH methods, may be applied and the
signal may be up converted to transmission frequency.
The modulated and up converted signal may then be
passed to power amplifier PA 224 for output through
transmit antenna 225 as transmit signal 226 on the air
interface. Receive signal 211 from a transmitter not
shown may be received in receiver section 210 from the
air interface through receive antenna 212 whereupon it
is amplified in Low Noise Amplifier (LNA) 213. The mod-
ulated receive signal 211 is passed to down-converter
214 where it is converted back to base band and de-
modulated in demodulator 215. Both down-converter
214 and demodulator 215 are synchronized using fre-
quency synthesizer 240 under the control of control unit
230. Synchronization may be maintained between
transmitter section 220 and receiver section 210 of
transceiver 200 and the corresponding transmit and re-
ceive sections of a transceiver not shown to accomplish
frequency hopping.

[0033] An FH systemfor ad-hoc connectivity between
portable computing and communication devices like
laptops, phones, headsets, and the like including a new
airinterface, as illustrated in FIG 3, has been introduced.
FH channels for each transmit/receive direction be-
tween two radio units are shown as Unit 1 channel 310
and Unit 2 channel 320. Channels 310 and 320 may be
divided into time slots 321 - 324 where a single packet
in a digital format may be sent or received. For example,
intime slot 321, Unit 1 channel 310 may transmit packet
330a to Unit 2 channel 320. Packet 330a may be trans-
mitted in time slot 321 at a first hop frequency 311. For
time slots 322-324 different hop frequencies 312-314
are used. Hopping may proceed according to a hopping
sequence which must be synchronized between Unit 1
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and Unit 2. In order to obtain two-way communication,
and as is further shown in FIG 3, Unit 1 and Unit 2 may
alternatively transmit and receive; that is, Unit 2 trans-
mits, for example, on even-numberedtime slots 312 and
314 and receives on odd-numbered time slots 311 and
318, whereas Unit 1 operates in exactly the opposite
way as indicated. The result is two-way FH/TDD chan-
nel 300 where both frequency hopping (FH) and time
division duplexing (TDD) are applied.

[0034] On such FH/TDD channels, circuit-switched
links may be established to transmit synchronous, real-
time information like voice (or video). However such da-
ta require a high degree of accuracy without sacrificing
the real-time quality. Retransmission (ARQ) schemes
that first test whether received data is correct and then
trigger a retransmission of data upon errors, are not at-
tractive because of the variable delay which may be in-
troduced. A circuit-switched connection over FH/TDD
channel 300 as illustrated in FIG 3 can be established
by reserving slots spaced at fixed intervals as illustrated
in FIG 4A.

[0035] During a communication, information stream
480, which may be, for example, a voice stream, may
be generated by sampling at a typical rate and generat-
ing data at a corresponding rate of 64 kbp/s, 56 kbp/s,
orthe like as iscommonly used in the art. As information
stream 480 is sampled, it is divided into segments, with
each segment A 420, segment B 430 and segment C
440 being compressed into packets 422, 432, and 442
respectively and subsequently transmitted on time slots
401-419 at a rate of, for example, 1Mbps. It can be seen
that packets 422, 432, and 442 may further be placed
in time slots 407, 413, and 419 respectively for trans-
mission at intervals spaced apart by a predetermined
number of time slots, for example, six time slots as
shown. Itshould be noted that timeslots 401 through 419
may further be associated with FH hop intervals and
may thus represent different hop frequencies. Recep-
tion of packets 422, 432, and 442 by a receiver unit may
be accomplished by becoming FH synchronized ac-
cording to a synchronization protocol that is established
during the initial connection between communicating
units.

[0036] The selection of interval 470, chosen to be, for
example, an offset of six time slots in the exemplary em-
bodiment illustrated in FIG 4A, depends onthe available
capacity, the required capacity, and permitted delay for
link 400 and may further be dependent to some extent
on the nature of the underlying data in segments A 420,
B 430, and C 440, (e.g., real-time data vs. NRT data,
andthe like). Information stream 480 on link 400, shown
in the exemplary embodiment as a voice stream may be
separated into segments A 420, B 430, and C 440 as
described. Segment size may be such that each of seg-
ments A 420, B 430, and C 440 may compressed into
packets 422, 432, and 442 respectively and fit into re-
spective time slots 401-419 offset from each other by
interval 470. When a time-varying interference source
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transmits signals characterized by exemplary energy
curves 460 and 461, as illustrated in FIG 4B, coincident
with the frequency band and time slots occupied by data
packets 422, 432, and 442 as illustrated in FIG 4A, it
may be noted that, for example, the transmission of
packet 422 containing segment A 420 and packet 442
containing segment C 440. may be disturbed thus caus-
ing noticeable undesirable effects to the user (e.g.
noise, or clicks), particularly with voice data.

[0037] In accordance with the present invention as il-
lustrated in FIG 5A, when interference energy emanat-
ing from a source characterized by exemplary energy
curves 460 and 461 causes errors in data packets 422,
432, and 442, a secondlink may be established and may
carry the same data from packets 422, 432, and 442,
but may be delayed by, for example, four time slots as
shown in FIG 5B. Accordingly, segment A 420, for ex-
ample, is sent from unit 1 450 on time slot 407 and on
time slot 411 as packets 422a and 423a respectively.
Unit 2 560 may combine, for example, corresponding
packets 422b and 423b atcombination block 561, which
may use one of several combination or discard decision
strategies (e.g. based on quality measure and the like)
enumerated in greater detail herein below. Similarly,
segment B 430, for example, is sent from unit 1 450 on
time slot 413 and on time slot 419 as packets 432a and
433a respectively. Unit 2 560 may combine, for exam-
ple, corresponding packets B 432b and B 433b at com-
bination block 562. Consideringthat, for example, either
packet B 432b or B 433b may be corrupted, either pack-
et may be considered redundant as to the other. Packet
redundancy based on establishing a second link there-
fore may be used to reconstruct receive voice stream
580 by decompressing at unit 2 560, for example, seg-
ment A 520, segment B 530, and segment C 540 rep-
resenting segment A 420, segment B 430, and segment
C 440 respectively. Data packets such as 422b and
423b, and 432b, and 433b received at unit 2 560 from
unit 1 450 may be combined in any one of a number of
ways. For example, either one of data packets 422b or
423b representing segment A 420 may be discarded
based on the failure of either one, or perhaps both, of
the data packets to meet a quality measure. Exemplary
measures may include RSSI, an interference measure
based on BER or CRC failure, and the like. Redundant
data packets 422b or 423b may also be combined at the
symbol level, for example, before bit detection, using
softinformation to increase the likelihood of bit recovery.
It is conceivable that a combination of approaches may
be used for data packet combination patrticularly if a first
combination approach fails. For example, if both data
packets 422b and 423b representing segment A 420
each contain CRC errors, then it may be possible forthe
packets to be re-combined at the symbol level as a final
attempt at recovery.

[0038] If interference energy from an interference
source, as illustrated by energy curves 460 and 461 in
FIG 4B, follows a different time variation, that is, if en-
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ergy curves 460 and 461, for example, shift in time, the
time diversity established by, for example, fixed interval
470 may cease to provide effective interference avoid-
ance. It may be necessary to delay the transmission of
data packets on asecond link by an even greater degree
as exemplified by time interval 670 illustrated in FIG 6.
Data packet 422, 432, and 442 may be offset an addi-
tional amount, for example, by 10 slots in this exemplary
embodiment. As is shown, data packet 422 may be
packaged into time slot 407 and redundant data packet
423 may be packaged for transfer on time slot 417. In
intervening time slot 413, packet 432 may be packaged
and its redundant packet not being packaged until some
slot beyond time slot 419 as shown. It will be understood
that by increasing the delay period between redundant
packets, as represented by interval 670, time diversity
is further increased thus greatly enhancing the proba-
bility of avoiding interference from the time varying in-
terference source. Further as a result of increased de-
lay, unit 1 450 may be required to store more packets
and wait longer before a decision can be made whether
to combine data, discard data, or the like.

[0039] In accordance with still another aspect of the
invention, the delay interval associated with the addi-
tional (redundant) link can be supplemented by intro-
ducing a variable delay as packets associated with data
stream 780 are compressed and placed on the first and
second links as is illustrated in FIG 7.

[0040] As in previous embodiments, delay interval
770 represents the difference in time between, for ex-
ample, time slot 707 and time slot 711 associated with
the first and second links respectively and, accordingly,
the amount of time diversity desired to avoid time vary-
ing interference sources. It can be seen, however, that
unlike previous embodiments, data packets 730 and
731 placed on first and second links respectively no
longer correspond to the same portion of data stream
780. Rather, as illustrated, segment A, represented by
segments A4y 720 and A, 721 may be compressed and
placed in time slot 707, associated with a first link, as
data packet 730, while, after a period of delay, segment
A, 721 and segment By 722 may be compressed and
placed in time slot 711, associated with a second link,
as data packet 731. Accordingly, the contents of packets
730 and 731 are desynchronized in time. It should be
noted that a delay may be added in the processing of
segments of data stream 780 by delay elements, shift
registers, and like means as are known in the art. It
should further be noted that the contents of either the
first or the second link may be shifted with respect to the
other with the same results and that a corresponding
compensation means such as a shift register, delay
compensation element, and the like may be used by the
receiver to resynchronize data prior to combining.
[0041] In the present embodiment therefore, combin-
ing of received packets cannot be performed until the
delay period is compensated for at the receiver and
packet are then decompressed as in previous embodi-
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ments. It should be noted that decompression may be
performed before or after the delay period is compen-
sated for. Data from each link may then be combined to
recreate the original data as represented by segments
A,720,A,721,and so on. As in previous embodiments,
soft information may be used to determine, for example
for each bit pair, which bit to take or discard or how to
combine information from each link. Soft information
may include information accessible to a receiver which
aids in detection and recovery of data from each link,
such as CRC polynomials, coding related information,
and the like.

[0042] As previously described, an additional link may
be established if a receiving unit on eitherend of a trans-
mission experiences a quality loss. In a further embod-
iment in accordance with the present invention, interfer-
ence may be required to be experienced for a large
number of packets before an additional link is estab-
lished. It is further to be noted that the establishing of
an additional link should not be made on a per-packet
basis. Further, retransmission is not decided instanta-
neously per packet. Accordingly, since the present in-
vention is not contemplated to adapt instantaneously to
transient interference energy levels, an interference
source must be active and causing packet degradation
for a predetermined period of time or number of packets
before an additional link is established. After the inter-
ference is experienced for the predetermined time peri-
od, Unit 1 450 and an associated transceiver may ne-
gotiate to establish asecond link. Likewise, when packet
quality on both links becomes acceptable for a prede-
termined time period or number of packets, the addition-
allink may be released. It should be noted that the meth-
od and apparatus of the present invention provides an
advantage of using existing air protocols as distin-
guished from prior art retransmission or time diversity
techniques which do not.

[0043] It is contemplated that the teachings of the
present invention in adding an additional link between
transmitter and receiver to provide time diversity can be
applied in any slot-based air interface standard. There-
fore, the teachings of the present invention are not lim-
ited to the exemplary air interface described herein, but
may also be applied in other standard TDMA systems
like GSM or D-AMPS. Moreover, the present invention
is not limited to one additional link. If required, a third,
and fourth additional link and beyond may be introduced
for as long as the interference source is active. The
number of additional links may be limited by capacity
and delay requirements and system resources. If a sig-
nificant number of additional links are contemplated, it
may further be required to add more buffering. and
processing capability in the receiver.

[0044] The invention has been described with refer-
ence to a particular embodiment. However, it will be
readily apparent to those skilled in the art that it is pos-
sible to embody the invention in specific forms other
than those of the preferred embodiment described
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[0045] The preferred embodiment is merely illustra-
tive and should not be considered restrictive in any way.
The scope of the invention is given by the appended
claims, rather than the preceding description, and all
variations and equivalents which fall within the range of
the claims are intended to be embraced therein.

Claims

1. Amethod of communicating a plurality of data pack-
ets from a transmitter to a receiver in a radio com-
munication system, comprising the steps of:

establishing afirst radio link between the trans-
mitter and the receiver, wherein the first radio
link is one out of every ntime slots, n>1; char-
acterised by the steps of

establishing a second radio link between the
transmitter and the receiver, wherein the sec-
ond radio link is a different one out of every n
time slots; and

transmitting each of the plurality of data pack-
ets over both the first and second radio links,
whereby the receiver receives each of the data
packets twice, and

wherein each of the first and second radio
links uses a frequency hopping channel, and
wherein for each of the plurality of data packets,
transmission over the first radio link occurs on a dif-
ferent hop frequency than is used for transmission
over the second radio link.

2. The method of claim 1, wherein said second radio
link is established at an offset of m time slots from
said first link, where m> n.

3. The method of claim 1, wherein said second radio
link is established at an offset of m time slots from
said first link, where m < n.

4. The method of claim 1, wherein each of the first and
second radio links uses a different frequency hop-
ping sequence.

5. The method of claim 1, wherein the step of trans-
mitting further includes the steps of:

delaying the plurality of data packets associat-
ed with one of the first or second radio links with
respect to the other of the first or second radio
links such that each of the plurality of data pack-
ets associated with both the first and the sec-
ond links are desynchronized; and

compensating for the delay in the receiver such
that each of the plurality of data packets from
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both the first and the second radio links are re-
synchronized.

The method of claim 1, wherein the second radio
link is established in response to detection by the
receiver of reception quality problems associated
with the first radio link.

The method of claim 1, further comprising the step
of terminating existence of one of thefirst or the sec-
ond radio link in response to detection by the receiv-
er of an absence of reception quality problems as-
sociated with the other of the first or the second ra-
dio link.

An apparatus for communicating a plurality of data
packets from a transmitter to a receiver in a radio
communication system, comprising:

means for establishing afirst radio link between
the transmitter and the receiver, wherein the
first radio link is one out of every n time slots,
n> 1, characterised by

means for establishing a second radio link be-
tween the transmitter and the receiver, wherein
the second radio link is a different one out of
every ntime slots; and

means for transmitting each of the plurality of
data packets over both the first and second ra-
dio links, whereby the receiver receives each
of the data packets twice, and

wherein each of the first and second radio
links uses a frequency hopping channel, and
wherein for each of the plurality of data packets,
transmission over the first radio link occurs on a dif-
ferent frequency than is used for transmission over
the second radio link.

The apparatus of claim 8, wherein said means for
establishing a second radio link is further configured
to establish said second link at an offset of m time
slots from said first radio link, where m> n.

The apparatus of claim 8, wherein said means for
establishing a second radio link is farther configured
to establish said second link at an offset of m time
slots from said first radio link, where m < n.

The apparatus of claim 8, wherein each of the first
and second radio links uses a different frequency
hopping sequence.

The apparatus of claim 8, wherein the means for
transmitting further includes:

means for delaying the plurality of data packets
associated with one of the first or second radio
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links with respect to the other of the first or sec-
ond radio links such that each of the plurality of
data packets associated with both the first and
the second links are desynchronized; and
means forcompensating for the delay in the re-
ceiver such that each of the plurality of data
packets from both the firstand the second radio
links are re-synchronized.

The apparatus of claim 8, wherein the means for
establishing the second radio link operates in re-
sponse to notification by the receiver of reception
quality problems associated with the first radio link.

The apparatus of claim 8, former comprising means
for terminating existence of one of the first or the
second radio link in response to notification by the
receiver of an absence of reception quality prob-
lems associated with the other of the first orthe sec-
ond radio link.

Patentanspriiche

1.

Verfahren zum Kommunizieren einer Vielzahl von
Datenpaketen von einem Sender zu einem Emp-
fanger in einem Funkkommunikationssystem, die
Schritte umfassend:

Herstellen einer ersten Funkverknlpfung zwi-
schen dem Sender und dem Empfénger, wobei
die erste Funkverknipfung eine aus allen n
Zeitschlitzen ist, n > 1; gekennzeichnet durch
die Schritte

Herstellen einer zweiten Funkverkniipfung zwi-
schen dem Sender und dem Empfénger, wobei
die zweite Funkverknlpfung eine andere aus
allen n Zeitschlitzen ist; und

Ubertragen von jedem aus der Vielzahl von Da-
tenpaketen Uber sowohl die erste als auch
zweite Funkverknupfung, wodurch der Emp-
fadnger jedes der Datenpakete zweimal emp-
fangt, und

wobei jede der ersten und zweiten Funkverknlp-
fungen einen Frequenzsprungkanal verwendet,
und wobei flir jedes aus der Vielzahl von Datenpa-
keten Ubertragung iiber die erste Funkverkniipfung
in einer anderen Sprungfrequenz geschieht, als sie
fiir Ubertragung tiber die zweite Funkverkniipfung
verwendet wird.

Verfahren nach Anspruch 1, wobei die zweite Funk-
verknlpfung in einem Versatz von m Zeitschlitzen
von der ersten Verknlpfung hergestellt wird, wobei
m > n ist.
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Verfahren nach Anspruch 1, wobei die zweite Funk-
verknipfung in einem versatz von m Zeitschlitzen
von der ersten Verknupfung hergestellt wird, wobei
m < n ist.

Verfahren nach Anspruch 1, wobei jede der ersten
und zweiten Funkverkniipfungen eine andere Fre-
quenzsprungsequenz verwendet.

Verfahren nach Anspruch 1, wobei der Schritt zum
Ubertragen ferner die Schritte inkludiert:

Verzdgern der Vielzahl von Datenpaketen, die
mit einer der ersten oder zweiten Funkverknip-
fungen in Verbindung stehen, in Bezug auf die
andere der ersten oder zweiten Funkverkniip-
fungen derart, dass jedes aus der Vielzahl von
Datenpaketen, die mit sowohl der ersten als
auch der zweiten Verknupfung in Verbindung
stehen, desynchronisiert sind; und

Kompensieren der Verzégerung in dem Emp-
fénger derart, dass jedes aus der Vielzahl von
Datenpaketen von sowohl der ersten als auch
der zweiten Funkverknlpfung erneut synchro-
nisiert sind.

6. Verfahren nach Anspruch 1, wobei die zweite Funk-

verknupfung als Reaktion auf Erfassung durch den
Empfanger von Empfangsqualitatsproblemen her-
gestellt wird, die mit der ersten Funkverkntipfung in
Verbindung stehen.

Verfahren nach Anspruch 1, ferner umfassend den
Schritt zum Terminieren des Bestehens von einer
der ersten oder zweiten Funkverknipfung als Re-
aktion auf Erfassung durch den Empfénger eines
Fehlens von Empfangsqualitédtsproblemen, die mit
der anderen der ersten oder der zweiten Funkver-
kniipfung in Verbindung stehen.

Vorrichtung zum Kommunizieren einer Vielzahl von
Datenpaketen von einem Sender zu einem Emp-
fénger in einem Funkkommunikationssystem, um-
fassend:

Mittel zum Herstellen einer ersten Funkver-
knuipfung zwischen dem Sender und dem Emp-
fénger, wobei die erste Funkverkniipfung eine
von allen n Zeitschlitzen ist, n > 1; gekenn-
zeichnet durch

Mittel zum Herstellen einer zweiten Funkver-
knuipfung zwischen dem Sender und dem Emp-
fénger, wobei die zweite Funkverknlpfung eine
andere von allen n Zeitschlitzen ist; und

Mittel zum Ubertragen von jedem aus der Viel-
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12.

13.

14.

zahl von Datenpaketen lber sowohl! die erste
als auch zweite Funkverknupfung, wodurch der
Empfanger jedes der Datenpakete zweimal
empféangt, und

wobei jede der ersten und zweiten Funkverknlp-
fungen einen Frequenzsprungkanal verwendet,
und wobei flir jedes aus der Vielzahl von Datenpa-
keten Ubertragung iiber die erste Funkverkniipfung
in einer anderen Frequenz geschieht, als sie flr
Ubertragung iiber die zweite Funkverkniipfung ver-
wendet wird.

Vorrichtung nach Anspruch 8, wobei das Mittel zum
Herstellen einer zweiten Funkverknlpfung ferner
konfiguriert ist, die zweite Verknupfung in einem
Versatz von m Zeitschlitzen von der ersten Funk-
verknlpfung herzustellen, wobeim > n ist.

Vorrichtung nach Anspruch 8, wobei das Mittel zum
Herstellen einer zweiten Funkverknlpfung ferner
konfiguriert ist, die zweite Verknupfung in einem
Versatz von m Zeitschlitzen von der ersten Funk-
verknlpfung herzustellen, wobeim < n ist.

Vorrichtung nach Anspruch 8, wobei jede der ersten
und zweiten Funkverkniipfungen eine andere Fre-
quenzsprungsequenz verwendet.

Vorrichtung nach Anspruch 8, wobei das Mittel zum
Ubertragen ferner inkludiert:

Mittel zum Verzégern der Vielzahl von Daten-
paketen, die mit einer der ersten oder zweiten
Funkverkntpfungen in Verbindung stehen, in
Bezug auf die andere der ersten oder zweiten
Funkverkniipfungen derart, dass jedes aus der
Vielzahl von Datenpaketen, die mit sowohl der
ersten als auch der zweiten Verkniipfung in
Verbindung stehen, desynchronisiert sind; und

Mittel zum Kompensieren der Verzégerung in
dem Empfénger derart, dass jedes aus der
Vielzahl von Datenpaketen von sowohl der er-
sten als auch der zweiten Funkverkniipfung er-
neut synchronisiert sind.

Vorrichtung nach Anspruch 8, wobei das Mittel zum
Herstellen der zweiten Funkverknlpfung als Reak-
tion auf Benachrichtigung durch den Empfanger
Uber Empfangsqualititsprobleme arbeitet, die mit
der ersten Funkverkniipfung in Verbindung stehen.

Vorrichtung nach Anspruch 8, ferner umfassend
Mittel zum Terminieren des Bestehens von einer
der ersten oder der zweiten Funkverkniipfung als
Reaktion auf Benachrichtigling durch den Empfan-
ger uber ein Fehlen von Empfangsqualitétsproble-
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men, die mit der anderen der ersten oder zweiten
Funkverkntpfung in Verbindung stehen.

Revendications

Procédé de transmission d'une multiplicité de pa-
quets de données d'un émetteur vers un récepteur
dans un systéme de radiocommunication, compre-
nant les étapes suivantes:

on établit une premiére liaison radio entre
I'émetteur et le récepteur, la premiére liaison ra-
dio consistant en un créneau temporel tous les
n créneaux temporels, avec n > 1;

caractérisé par les étapes suivantes

on établit une seconde liaison radio entre
I'émetteur et le récepteur, la seconde liaison radio
consistant en un créneau temporel différent tous les
n créneaux temporels; et

on émet chacun de la multiplicité de paquets
de données a la fois sur les premiére et seconde
liaisons radio, gréce a quoi le récepteur regoit deux
fois chacun des paquets de données, et

dans lequel chacune des premiére et secon-
de liaisons radio utilise un canal a saut de fréquen-
ce, et dans lequel pour chacun de la multiplicité de
paquets de données, I'émission sur la premiére
liaison radio a lieu sur une fréquence de saut diffé-
rente de celle qui est utilisée pour I'émission sur la
seconde liaison radio.

Procédé selon la revendication 1, dans lequel la se-
conde liaison radio est établie avec un décalage de
m créneaux temporels par rapport a la premiére
liaison, avec m > n.

Procédé selon la revendication 1, dans lequel la se-
conde liaison radio est établie avec un décalage de
m créneaux temporels par rapport a la premiére
liaison, avec m < n.

Procédé selon la revendication 1, dans lequel cha-
cune des premiére et seconde liaisons radio utilise
une séquence de sauts de fréquence différente.

Procédé selon la revendication 1, dans lequel I'éta-
pe d'émission comprend en outre les étapes
suivantes :

on retarde la multiplicité de paquets de don-
nées associés a l'une des premiére ou seconde
liaisons radio, par rapport a l'autre des premié-
re ou seconde liaisons radio, de fagon que cha-
cun de la multiplicité de paquets de données
associés a la fois aux premiere et seconde
liaisons soit désynchronisé; et
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on compense le retard dans le récepteur, de fa-
con que chacun de la multiplicité de paquets de
données provenant a la fois des premiére et se-
conde liaisons radio soit resynchronisé.

Procédé selon la revendication 1, dans lequel la se-
conde liaison radio est établie en réponse a la dé-
tection par le récepteur de probléemes de qualité de
réception associés a la premiére liaison radio.

Procédé selon la revendication 1, comprenant en
outre |'étape consistant a mettre fin a I'existence de
l'une de la premiére ou de la seconde liaison radio
en réponse a la détection par le récepteur d'une ab-
sence de problémes de qualité de réception asso-
ciés al'autre de la premiére ou de la seconde liaison
radio.

Appareil pour transmetire une multiplicité de pa-
quets de données d'un émetteur vers un récepteur
dans un systtme de radiocommunication,
comprenant :

un moyen pour établir une premiére liaison ra-
dio entre I'émetteur et le récepteur, la premiére
liaison radio consistant en un créneau temporel
tous les n créneaux temporels, avec n > 1; ca-
ractérisé par

un moyen pour établir une seconde liaison ra-
dio entre I'émetteur et le récepteur, la seconde
liaison radio consistant en un créneau temporel
différent tous les n créneaux temporels; et

un moyen pour émetire chacun de la multiplici-
té de paquets de données a la fois sur les pre-
miére et seconde liaisons radio, grace a quoile
récepteur regoit deux fois chacun des paquets
de données, et

dans lequel chacune des premiére et secon-
de liaisons radio utilise un canal a saut de fréquen-
ce, et dans lequel pour chacun de la multiplicité de
paquets de données, I'émission sur la premiére
liaison radio a lieu sur une fréquence différente de
celle utilisée pour I'émission sur la seconde liaison
radio.

Appareil selon la revendication 8, dans lequel le
moyen pour établir une seconde liaison radio est en
outre configuré pour établir la seconde liaison avec
un décalage de m créneaux temporels par rapport
a la premiere liaison, avec m > n.

Appareil selon la revendication 8, dans lequel le
moyen pour établir une seconde liaison radio est en
outre configuré pour établir la seconde liaison avec
un décalage de m créneaux temporels par rapport
a la premiere liaison, avec m < n.
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11. Appareil selon la revendication 8, dans lequel cha-
cune des premiére et seconde liaisons radio utilise
une séquence de sauts de fréquence différente.

12. Appareil selon la revendication 8, dans lequel le 5
moyen d'émission comprend en outre :

un moyen pour retarder la multiplicité de pa-
quets associés a |'une des premiére ou secon-
de liaisons radio par rapport a l'autre des pre- 10
miére ou seconde liaisons radio, de fagon que
chacun de la multiplicité de paquets de don-
nées associés a la fois aux premiere et secon-
de liaisons soit désynchronisé; et
un moyen pour compenser le retard dans leré- 15
cepteur, de fagon que chacun de la multiplicité
de paquets de données provenant & la fois des
premiére et seconde liaisons radio soit resyn-
chronisé.
20
13. Appareil selon la revendication 8, dans lequel le
moyen pour établir la seconde liaison radio fonc-
tionne en réponse a la notification par le récepteur
de problémes de qualité de réception associés a la
premiére liaison radio. 25

14. Appareil selon la revendication 8, comprenant en
outre un moyen pour mettre fin a l'existence de 'une
de la premiére ou de la seconde liaison radio en
réponse & la notification par le récepteur d'une ab- 30
sence de problémes de qualité de réception asso-
ciés al'autre de la premiére ou de la seconde liaison
radio.

35

40

45

50

55

11



EP 1183 813 B1

02— %

-

/ D1

00k
0 ONVE HST 2H9 62

o —

ZHH § £8¢2

ogve
}

|
]

“

- - . e o e we v e e wm

m.SvN \&.N M&N N&.N

-

Q&N

0"\\

8\

12



EP 1183 813 B1

177

"| llllllllllllllllllllllllllllllllllll |
. NOILI3S XY “
.................................... ;
R e Gl 012 iz
r{ YA, ¢ ¥
N . B
s WOISYTANOI-HAO0 NOLLYINOONTD |—m=t SHI00I70 1114110
|
! " “_
b o m e o e e e e e - —men e B e m e e m m - - - o ———- |
|
_ oe/ £42 22 ] “
{ ! {
] |
| 0v2 4IZISTHIMS b -- -~~~ 4 7080802 lom
oow\\\‘“ ” )
] e 1 “
f
b e e e e e e e e e e e L o I SR |
YY) - N
DNNJ e SN vissamnos-an i
P W f— AT e L2 Ty L
| 1 ) __ —NN
b . mwm ——— ."_
| iz WoLLIIS KL
I e e o e e e e e e e o e e e e e e e o e e e - o = o - - - |

13



EP 1183 813 B1

00¢

bt

¢ b14

174"

74

sl ¢29

P L | b ~
= | | 1os m
L | L L 210 —02g
. POgE m I | "
! “ i ” m
-t M | T |
m L - | 120 —oi
m | 008 m + DOg¢ !
£415 40K 7442 404 4 J0H Y2 d0H
,
DI £ g ME

14



Sl

Y e stresw A0 0
480 4 8 ¢

401\_\ _~49
HoP 12 F INJS 6 7 8 9 ONJ 12 13 M5 16N\ 18 19

/g X /4 /4 400
450 — UMIT 1 -
, | -
\ I
T el T T T T T
470 470 470

%
PACKET ON LINK X

g €18 €8l I d3



9l

/{f[/?f[/?[ﬂ’&'[ POWER

460

461

Fig 468

g €18 €8l I d3



Ll

4
2 vowr staeaw £o

480 —

401
HOP !

Vg
450 — UNIT 1

N

\

470
/’A&’/fff N LIVK ¥ | PACKET O LinK ¥

Frg 54

g €18 €8l I d3



EP 1183 813 B1

g6 614

o ots V5 wvaws 3001 10dino
2 2 ¥ 08
295 §S§ AZX NOISII0 47X | 198

qeeey

N PR P
é___f:__f
J

Ll s
Ll zumwi
AR

gl » 0.5 omL 018 * * i1 olavy
g
~H N o
: __l /100
x| N P
61 o
1Y ol / /_.ov
J g y 08b
) ) ) 200
otb 0t 02b NVI4LS 79104 LNRdN/
A YWIT K0 L3W0vd ¥ WWIT W0 134904 D

18



EP 1183 813 B1

009/00t

RN ¢ — o ..va _%v
AV R
a4 § 10
7
T
J 4 4 ——08b
o W 08 w WY741S FI10A oww

19



EP 1183 813 B1

Z b1y

Y] ,w:T oLL @
)]
vl § esl %L gl 0 Nwz _N:
//N%Q Y% /N%\%_ /\%N\ //N\\Y
/= _ AN S,
B
7, 7, 7 ¥7. 7
£ y / g I doH
\ \
9 49 74 ig 1% ly —— 08
) > ) } ) 9
g2l b2l T D T TR )

20



	Bibliography
	Description
	Claims
	Drawings

