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Field of the Invention
The present invention generally relates to radiocommunication systems and
5  more particularly relates to a system and method for reliably transmitting

alphanumeric messages via radiocommunication signals under non-ideal conditions.

Background of the Invention

Referring to Figure 1, a typical cellular mobile radiocommunication system
is shown. The typical system includes a number of base stations similar- to base

10  station 110 and a number of mobile units or stations similar to mobile 120. Voice
and/or data communication can be performed using these devices or their
equivalents. The base station includes a control and processing unit 130 which is
connected to the MSC (mobile switching center) 140 which in turn is connected to
the public switched telephone network (not shown).

15 The base station 110 serves a cell and includes a plurality of voice channels
handled by voice channel transceiver 150 which is controlled by the control and
processing unit 130. Also, each base station includes a control channel transceiver
160 which may be capable of handling more than one control channel. The control
channel transceiver 160 is controlled by the control and 1$rocessing unit 130. The

20  control channel transceiver 160 broadcasts control information over the control
channel of the base station or cell to mobiles locked to that control channel. The
voice channel transceiver broadcasts the traffic or voice channels which can include
digital control channel location information.

When the mobile 120 first enters an idle mode, it periodically scans the

25  control channels of base stations like base station 110 for the presence of a paging
burst addressed to the mobile 120. The paging burst informs mobile 120 which cell
to 16ck on or camp to. The mobile 120 receives the absolute and relative

information broadcast on a control channel at its voice and control channel



and/ or data conmuni cati on can be perfornmed using these devices or their
equi val ents. The base station includes a control and processing unit 130

which is connected to the MSC (nobile switching center) 140 which in
turn is connected to t he public switched tel ephone network (not
shown). 15 WO9726118 The base _station 110 serves a cell and®CAP 4a
pl-urality of voice channels . Fﬂg Q%ﬁ%&@aﬁmf nel transceiver 150

which is controlled by the control a d P af unit 130. Also,
each base station includes a control chann8E Qrplvpr 160 whi ch
may be capabl e of handling nore than one control channel. The contral
channel transceiver 160 is controlled by the control and processing unit
130. The 20 control channel transceiver %60 broadcasts control
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cells are periodically scanned while monitoring the primary control channel to

determine if there is a more suitable candidate. Additional information relating to
specifics of mobile and base station implementations can be found in U.S. Patent
10  Application Serial No. 07/967,027 entitled "Multi-Mode Signal Processing” filed on
October 27, 1992 to P. Dent and B. Ekelund, the entirety of which is incorporated
herein by reference. It will be appreciated that the base station may be replaced by

one or more satellites in a satellite-based mobile radiocommunication system.
To increase radiocommunication system capacity, digital communication and
15 multiple access techniques such as Frequency Division Multiple Access (FDMA),
Time Division Multiple Access (TDMA), and Code Division Multiple Access
(CDMA) may be used. The objective of each of these multiple access techniques
is to combine signals from different sources onto a common transmission medium
in such a way that, at their destinations, the different channels can be separated
20  without mutual interference. In a FDMA system, users share the radio spectrum
in the frequency domain. Each user is allocated a part of the frequency band which
is used throughout a conversation. In a TDMA system, users share the radio
spectrum in the time domain. Each radio channel or carrier frequency is divided
into a series of time slots, and individual users are allocated a time slot during
25 which the user has access to the entire frequency band allocated for the system
(wideband TDMA) or only a part of the band (narrowband TDMA). Each time slot
contains a "burst” of information from a data source, e.g., a digitally encoded
portion of a voice conversation. The time slots are grouped into successive TDMA
frames having a predetermined duration. The number of time slots in each TDMA

30  frame is related to the number of different users that can simultaneously share the
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- 2- transcei ver 170. Then, the processing unit 180 eval uates the
received control channel I nformati on which includes the
characteristics of the candidate cells and determ nes which cell the
nobi |l e should | ock to. The received control channel i nformat|

only incl udesWRf88$M8e i nf ormati on concerning the cell with mﬁﬂ%“?ms
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or only a part oalnd
channels for transmitting voice and/or data signals. The signalling channels SC

transfer signalling information between the mobile unit and the satellite (or base

15 station). The signalling channels SC include three types of control channels:

broadcast control channels (BCCHs), common control channels (CCCHs) shared

between multiple subscribers, and dedicated control channels (DCCHs) assigned to

a single subscriber. A BCCH typically includes a frequency correction channel

(FCH) and a synchronization channel (SCH), both of which are downlink channels.

20  The common control channels (CCCHs) include downlink paging (PCH) and access

grant (AGCH) channeis, as well as the uplink random access channel (RACH). The

dedicated control channels DCCH include a fast associated control channel

(FACCH), a slow associated control channel (SACCH), and a standalone dedicated

control channel (SDCCH). The slow associated control channel is assigned to a

25 traffic (voice or data) channel or to a standalone dedicated control channel

(SDCCH). The SACCH channel provides power and frame adjustment and control
information to the mobile unit.

The frequency correction channel FCH of the broadcast control channel

carries information which allows the mobile unit to accurately tune to the base

30  station. The synchronization channel SCH of the broadcast control channel provides



25 band (narrowband TDMA). Each tinme slot contains. a "burst" of

information froma data source, e.g., a digitally encoded portion of
a voice conversation. The tinme slots are grouped into successive TDVA
frames having a predeterm ned duration. The nunber of tine slots in
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radio channel. If each slot in a TDNRSTRHERT HAS 8EBENgned to a different

user, the duration of a T framgeppadEpe M nijmum anmount of tine

bet ween successive tine sl ot ' 'same user. CDMVA

conbi nes FDVA and TDVA. In a CDVA sy4stem each user is assigned a

uni que pseudorg.gaq'g?n}y%m?& & da %gxﬁmauﬁn. access the frequency tine

domai n. Exanpl echniques | ude spread
Using a GSM-type system as an example, the slow associated control channel

SACCH can be formed by dedicating every 26th TDMA frame to carrying SACCH
information. Each SACCH frame includes 8 time slots (1 SACCH slot for each

S traffic slot in the frame), allowing one unique SACCH channel for each mobile
communication link. The base station or satellite sends commands over the SACCH
channel to advance or retard the transmission timing of the mobile unit to achieve
time alignment between different mobile bursts received at the base station or
satellite. _

10 The random access channel RACH is used by the mobiles to request access
to the system. The RACH logical channel is a unidirectional uplink channe! (from
the mobile to the base station or satellite), and is shared by scparate mobile units
(one RACH per cell is sufficient in typical systems, even during periods of heavy
use). Mobile units continuously monitor the status of the RACH channel to

15  determine if the channel is busy or idle. If the RACH channel is idle, a mobile unit
desiring access sends its mobile identification number, along with the desired
telephone number, on the RACH to the base station or satellite. The MSC receives
this information from the base station or satellite and assigns an idle voice channel
to the mobile station, and transmits the channel identification to the mobile through

20  the base station or satellite so that the mobile station can tune itself to the new
channel. All time slots on the RACH uplink channel are used for mobile access
requests, either on a contention basis or on a reserved basis. Reserved-basis access
is described in U.S. Patent Application No. 08/140,467, entitled "Method of
Effecting Random Access in a Mobile Radio System", which was filed on October

25 25, 1993, and which is incorporated in this application by reference. One important
feature of RACH operation is that receptiori of some downlink information is
required, whereby mobile stations receive real-time feedback for every burst they
send on the uplink, This is known as Layer 2 ARQ, or automatic repeat request,
on the RACH. The downlink information preferably comprises twenty-two bits that

30  may be thought of as another downlink sub-channel dedicated to carrying, in the
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spectrum and frequency hoppi ng. In a TDVA system the
successive tinme slots assigned to the sanme user, whi ch are usually
not consecutive tinme slots on the radio carrier, constitute the

user's digital traffic channel, which is consi dered to be a | RIF3ogsiannel
assigned 10 W@%#8yser. The organization of TDVA channels, using the GSM
standard as an exanple, is showmn in FIG 2. The TDVA channels I ncl ude
traffic channels TCH and signalling channels SC. The TCH channel s
include full-rate and half-rate channels for transmtting voice

and/ or data signals. The signalling channels SC transfer signalling

i nformation between the nobile unit and thegsatellite (or base 15

station). The signalling channels SC include three types of control

channel s: mvﬂﬁﬁ'ﬂ‘caihyé‘r@lﬁf&lmaﬁb@@ﬁ&if& {oBEEHiplink.C TRIEflow @ tiifotmavannel s
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unit to accurately tune to the base tation. The synchroni zation
channel SCH of tfeat idlelclusing Gmﬁtﬁr, dind cthemh mepieal g\ ¢)gles during succeeding TDMA

frames. The mobile unit, which may be battery-powered, can be switched off (or
“sleep”) to save power during the time slots when it is neither transmitting nor
receiving.

15 To increase mobility and portability, radiocommunication subscribers tend
to prefer mobile units having a relatively small, omnidirectional (and accordingly,
less powerful) antenna over mobile units having a large or directional antenna.
Because of this preference, it is sometimes difficult to provide sufficient signal
strength for the exchange of communication signals between typical mobile units

20  having a small, omnidirectional antenna and a mobile switching center (MSC) or
satellite.  This problem is particularly serious in satellite-based mobile
radiocommunications.

A satellite-based mobile radiocommunication system provides
radiccommunication services to particular geographical areas of the earth using one

25  or more partially overlapping satellite beams. Each satellite beam has a radius of
up to about 1000 KM. Due to the power limitations of a satellite, it is not practical
to provide a high link margin in every beam sirhultaneously.

Because mobile satellite links are severely power limited, communication is
typically limited to line-of-sight channels with Ricean fading. Ricean fading occurs

30 from a combination of a strong line-of-sight path and a ground-reflected wave, along



-4- frame synchroni zation data to the nobile unit.

Using a GCSMtype system as an exanple, the slow associated control channel
SACCH can be forned by dedicating every 26th TDMA frane to carryi ng SACCH

i nformati on. Each SACCH frane includes 8 time slots (1 SACCH slot for each
traffic 5 welookeitn the frame), allow ng one uni que SACCH PEHEMIEM2 o
each nobile communi cation |ink. The base station or satellite sends
commands over the SACCH channel to advance or retard the transm ssion
timng of the nobile unit to achieve tine al i gnment between different
nobi | e bursts received at the base station or satellite. . The
random access channel RACH is used by the nobiles to request access to 10
the system The RACH | ogi cal channel is abuni di recti onal upl i nk channel
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assigns an i dig vl Cane NAAG-idba chitftidR Lk aswhdd ME moBil€lunit antenna is not

deployed or the mobile unit is in an obstructed location (e.g., inside a building)

reflected waves, including ground-reflected and building-reflected waves, become

dominant. The channels in these non-ideal conditions are characterized by flat

10 Rayleigh fading (the most severe type of fading) with severe attenuation. In such

channels, a link margin of as much as 30 dB or more is required to achieve reliable

voice or data communication, and the mobile unit in this case cannot monitor the

paging channel to detect incoming calls. In these non-ideal conditions, a short

message service (SMS) is desirable. Due to the power limitations of the satellite,

15  SMS. is particularly efféctive when used in non-ideal conditions to alert a mobile

station user of an incoming call. The mobile station user may then change

locations to receive or return the call. The term "link margin" or "signal margin”

refers to the additional power required to offer adequate service over and above the

power required under ideal conditions- that is, a channel having no impairments

20 other than additive white Gaussian noise (AWGN). "Impairments" include fading

of signal amplitude, doppler shifts, phase variations, signal shadowing or blockage,
implementation losses, and anomalies in the antenna radiation pattern.

Whether transmitting voice or data, it is frequently desirable to increase the

signal margin to ensure reliable radiocommunication performance, particularly in

25  power-limited satellite applications. Known methods of increasing the link margin

of a signal include expanding the channel bandwidth to achieve frequency selectivity

or to use forward error correction coding (such as convolutional coding), increasing

signal power, and bit repetition (which may be viewed as a form of forward error

correction coding). Each of these methods has significant limitations. Bandwidth

30  expansion is typically achieved by known methods such as signal spreading and low
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transmts the channel identification to the nobile through the base station

or satellite so that the nobile station can tune itself to the new
channel. All tine slots on the 20 RACH upl i nk channel are used for nobile
access requests, either on a contention basis or on ar h*gﬂ""wi S.
Reser ved- basi s YRS ¢ described in U S. Patent No. 5,330, 4

entitled "Method of Effecting Random Access in a Mbile Radio System™
One inportant feature of RACH operation is that reception of sonme downlink
information is required, whereby nobile stations receive real-tinme feedback
for every 25 burst they send on the uplink. This is known as Layer 2 ARQ
or automatic repeat request, on the RACH The downlink information
preferably conprises twenty-two bits that may be thought of as
anot her downl i nk tsuiate Baomnedrreteaon cading, dnd @sultsyinragsignah which is ledsesensitive to
\Ig\gT?nggfégSZ 4 fading. Bandwidth expansion reduces spectrum allocation efficiency. Fuygther, in
a SMS application, if the expanded bandwidth of the voice channel is different from
the bandwidth of the message channel, two separate and complete radios (one for
5  each service) will be required in the mobile unit, thereby complicating its design.
Also, a coherent Rake receiver or equalizer is also typically required to reduce delay
spread, further complicating the design of the mobile unit. Bandwidth expansion
may also be implemented by repeated transmissions of the entire voice or data
message. However, under the non-ideal conditions of interest, this method is not

10 effective because each repetition is typically below the noise floor (that is, does not
have a sufficient margin), resulting in a high error rate and preventing the coherent
integration of the repetitions.

Increasing signal power may also be used to provide a higher margin. Due
to the power limitations of the satellite, this is typically not a practical approach.

15  In addition to increasing the cost of the system, increased transmission power also
makes it more difficult to control co-channel interference, particularly in TDMA
systems with narrow re-use margins. Accordingly, large power increases from the
satellite to the mobile unit may be provided only during periods of relatively light
use. Further, because the mobile unit is even more power limited than the satellite, -

20  this technique is typically practical only in one direction, from the satellite to the
mobile unit. _

Bit repetition may also be used to increase the margin. Bit repetition results
in a lower error rate than message repetition, particularly in non-ideal conditions.
Bit repetition causes transmission delay, which is not desirable for voice signals, for

25  obvious reasons. However, transmission delay may be acceptable for data
communications, such as a SMS feature, provided that the delay is kept to a
reasonable minimum. Bit repetition is achieved by transmitting individual bits or
modulation symbols, or packets of bits or modulation symbols, a plurality of times
such that all repetitions are contiguous or contained within the same time slot or

30  slots of successive TDMA frames. The receiver integrates the energy from each
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downl i nk, Layer 2 information specific to the uplink. This flow of

I nformati on, whi ch can be call ed shared channel feedback, enhances
the throughput capacity of "the RACH so that a nobile station can
qui ckly determ ne whether any burst of any access attenpt has been
successf ul | ywpawes™&d. As shown in FIG 2, this downlink SPCTYRFB¥A4ti on
Is transmtted on channel AGCH. Transm ssion of signals in a
TDVA system occurs in a buffer-and-burst, or

di sconti nuous-transm ssion, node: each nobile unit transmts or receives
only ~during its assigned tinme slots in the TDVA franmes on the nobile
unit's assigned frequency. At full gate, for exanple, a nobile
station mght transmt during slot 1, 10 receive during slot 2, idle
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practi cal slot/data bit = 83 ggs
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Such a delay is highly undesirable, even for data transmission.

It has been suggested to implement a short message service in a satellite-

15  based telecommunications system using 2 different satellite transponders, one for
voice and one for data. Different channel bandwidths are also used in this
implementation. The use of multiple transponders and bandwidths results in an
overly complex system.

Accordingly, it would be desirable for a radiocommunication system to allow

20  for transmission of signals at an increased signal margin without significant delay
and without a significant increase in power.

It would be further desirable for a communication system to allow for
transmission of signals with an increased signal margin without requiring expansion
of the channel bandwidth, multiple bandwidths, or multiple transponders.

25 It would also be desirable for a TDMA communication system to allow for
transmission of signals with an increased signal margin without requiring a change
in the structure or organization of TDMA frames.

It would be further desirable for a mobile radiocommunication system to
allow for transmission of data messages originating from either a mobile unit or

30 from a satellite or base station with an increased signal margin.



to provide a high link margin in every beam sinultaneously.

Because nobile satellite |inks are severely power |imted, communication is
typically limted to |ine-of-sight channels with R cean fading. Ricean
fading occurs 30 froma conbination of a strong |ine-of-sighnathesdd a
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with weak building-reflected waves. These channels require a comunications
link mar gi n of approximately 10 dB or nore to achieve voice

communi cation in ideal or near -ideal conditions, such as when the
nobi | e radi ot el ephone unit antenna is gproperly deployed and the unit

is in an unobstructed | ocation. In these near-ideal 5 channel s, the

mobi l e unit can Succeﬁ%éuwBbem&héxoaeshhﬂemﬂhr@nﬁhmmbn ts?stdﬁttﬁcs‘elecnvely
i ncom-ng calls. In non-ideal conditions, such as V\/neq%ﬁt he nobi.l e u%tlddata

antenna is not increaseithe| ignall mergin il semmRnicatiop link for, the, ransaissipny
| ocat i_on (e.qg., h@@aﬁl& a bui | di ng)

Summary of the Invention

5 The above-noted and other limitations of conventional communication
systems and methods are overcome by the present invention, which provides for a
high-penetration transmission method for transmitting short alphanumeric messages
in which signal margin is increased by a combination of bit repetition and a
relatively small increase in power. According to exemplary embodiments, the

10  combination of bit repetition and a relatively small increase in power avoids the
unacceptable delays éha‘racteristic of systems which rely solely on repetition to
increase the signal margin. Likewise, the combination of repetition and a relatively
small increase in power avoids the co-channel interference problems of systems
which rely solely on increased power to increase the signal margin.

15 According to an exemplary embodiment of the present invention, a mobile
radiocommunication system is provided with a short message service feature for
transmitting alphanumeric messages to and from a mobile unit. In order to ensure
reliable transmission over channels having severe attenuation, the data message is
encoded; the encoded message is divided into packets or groups of one or more bits

20  each; each packet is transmitted multiple times over a dedicated carrier frequency
at a power level greater than the power level for voice transmission; and the
transmissions are integrated and checked for errors at the receiver to form a signal
having an increased signal margin. The carrier frequency for transmitting message
data for a satellite is multiplexed with, or switched into, the satellite beams. Thus,

25  agiven satellite beam exchanging voice and control data with a particular subscriber
over an assigned frequency will stop exchanging voice and control data when the
dedicated carrier frequency is switched into the beam, and will instead be used to
transmit message data. When the dedicated frequency is switched out of one beam
and into another beam, the first beam will again be used to exchange voice and

30 control information.
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FIG. 4 is a flow chart describing the transmission of a short message
according to an embodiment of the present invention;
FIG. 5 is a timing diagram showing an embodiment of the data transmission
15  method according to the present invention,
FIG. 6 is a diagram showing an exemplary message burst format; and
FIG. 7 is a diagram showing the acquisition performance of an exemplary

synchronization method for use with the present invention.

Detailed Description of the Preferred Embodiments

20 While the following description is directed toward a short message service
implemented in a satellite-based radiocommunication system, it will be appreciated
that the present invention may also be applied to other types of communication
systems.

In a satellite-based mobile radiocommunication system, a communication link

25  for transmitting voice or data may be established between a mobile station and either
a standard telephone or a second mobile station through one satellite, multiple
satellites, or a combination of one or more satellites and the PSTN (public switched
telephone network). Such a system, as shown in FIG. 3, may be desirable to

achieve a broad geographical coverage in which few or no base stations are present,
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bit rate error correction coding, and results in a signal which is |ess
sensitive to fadi ng. Bandw dt h expansi on reduces spect tion
ef ficiency. FOVYOAHITS a SMS application, if the expé{r\cﬁyeﬂ blgdra\?ﬁvi dt h
of- the voice channel is different from t he bandwi dth of the nessage
channel, two separate and conplete radios (one for 5 each service) wll
be required in the nobile unit, thereby conplicating its design.

Al'so, a coherent Rake receiver or equalizer is also typically required to
reduce del ay spread, further conpljcating the design of the nobile
uni t. Bandwi dt h expansi on may al so be inplenmented by repeated
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practical dpproach. _
shadowed (e.g., inside a building, etc.) or when the mobile antenna is not properly
deployed, the power or signal margin requirements for communication increases
significantly due to the increased attenuation in the channel. In such situations
(shown as MUz in FIG. 3), Rayleigh fading often prevents satisfactory

10  communication, and it is therefore desirable to send a short alphanumeric message
to the mobile station. The message may be used, for example, to inform the
subscriber of an incoming call. The present invention ensures reliable transmission
of the message by providing for an efficient technique for increasing signal margin
without significant delay, power increase, or co-channel interference.

15 For purposes of illustration only, and without limiting the scope of the
invention, a satellite-based GSM radiocommunication system using TDMA channels
may be assumed to exhibit the following conditions. The communication channel
has no line of sight component and is subject to flat Rayleigh fading with severe
attenuation. As will be appreciated by those of skill in the art, Rayleigh (or

20  multipath) fading is a phenomenon which occurs when multipath waves form
standing-wave pairs due to reflection from the physical structures in a service area.
The standing-wave pairs summed together form an irregular wave fading structure.
When the mobile unit is stationary, it receives a constant signal. However, when
the mobile unit is moving, the fading structure causes fading to occur which

25  increases as the mobile unit moves faster. The mean signal level of the non-ideal
Rayleigh channel is approximately 20-30 dB beloW the signal level of a near-ideal
line-of-sight channel.

In order to ensure reliable transmission of a short message to the mobile unit
in non-ideal conditions, the signal margin must be increased. According to the

30  present invention, bit repetition and power increase can be combined to provide an
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transm ssi on power al so makes it nore difficult to control
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re-use margins. Accordingly, |arge power increases fromthe

satellite towdsnranbile unit may be provided only during pePFHYE7(p824
retatively |ight use. Further, because the nobile unit is even nore
power limted than the satellite, 20 this technique is typically
practical only in one direction, fromthe satellite to the nobi | e
unit. Bit repetition may al so be used to increase the margin.
Bit repetition results in alower grror rate than nessage repetition
particularly in non-ideal conditions. 1 Bit repetition causes

transm ssi on del i ' d voi ce signals, for 25

obvi ous reasowglreggeﬁo%g&a@?gﬁ%‘?ﬁﬁé’%@hﬁ?é&'my be acceptable for data
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PCT/ US97/ 0082§nlely by bit repetition, each bit must be repeated 1000 times and the signal margin

from each repetition must be integrated at the receiver, resulting in the 82 second
delay calculated above. However, to achieve a 15 dB margin, the required power
ratio is only 31.623, since 10 log 31.623 = 15. Thus, a 30 dB signal margin may

10  be provided by increasing the power by 15 dB and repeating each bit approximately
31 times. Using this technique, the bit-repetition delay for a 64 character message
is (64 characters X 8 bits/character X 31 repeats/bit X 18.64 ms/slot X 1/114
slot/bits) approximately 2.5 seconds. As a result, the bit repetition delay is
maintained at a reasonable level, and the power increase is also maintained at a

15 reasonable level, thereby avoiding co-channel interference. 1t will be appreciated
that many different combinations of repetitions and power increases are possible to
achieve successful communication in Rayleigh fading environments without
significant delay. Further, rather than repeating individual bits of a digital signal,
groups of bits may be repeated.

20 Referring now to FIG. 4, a flow chart describing the transmission of a short
message using the transmission method of the present invention is shown. Referring
now to FIG. 4, a flow chart describing the transmission of a short message using
the transmission method of the present invention is shown. In step 100, a sending
party inputs a message to be transmitted to a receiving subscriber. The message

25  may be input into the communication system directly by the sending party through
a mobile unit, a standard telephone, a computer terminal, or equivalent device, or
the message may be input indirectly by calling an operator at a service center who
inputs the message into the system. The message address is used to determine
which satellite beam or assigned frequency is bging used to serve the recipient

30  subscriber. In step 102, the information bits comprising the short message are
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Packets are then transmitted in step 106 such that each slot within a TDMA

=]

frame includes one or more packets of repeated bits, error detection coding bits, and

a sync burst to enable the receiver to estimate the channel quality. All bits

comprising the encoded short message are transmitted in this fashion. If bit

repetition and message repetition are employed, once the entire encoded message has

15  been transmitted, the transmission of the message (in the form of packets of N

codeword bits) can be repeated M times to achieve the desired signal mérgin. It will

be appreciated that, since the short message may be transmitted from a satellite, base

station, or mobile station, encoding and transmitting functions are provided in each

of these devices. It will also be appreciated that, in order to implement the technique

20  of the present invention, means are included in the transmitter to determine the

number of bit repetitions N, message repetitions M, and power increase necessary to
achieve the signal margin required for successful transmission of the message.

Referring still to FIG. 4, in step 108, the receiving device (i.e., the mobile

unit, satellite, base station, or equivalent device) samples the received signal,

25  including the repeated encoded message bits, error detection bits, and channel quality

estimation bits, and generates a metric sum of the form Y, * £ [z PP F—Zslz .

where r;; is the sampled received signal corresponding to the ith repetition of the

information bit or symbol S in packet repeat j, and 'Cj is the corresponding estimate

of channel quality. In step 110, a decoder contained in the receiving device decodes

30  each encoded bit or symbol in the TDMA slot from the metric sums, using soft

combihing or majority logic voting, or other suitable decod.mg methods. To

implement soft combining, the decoder adds metric sums as Y'Z Y; and

makes a bit or symbol decision based on the sum. To implement. majonty logic



It would be further desirable for a conmunication systemto allow for
transm ssion of signals with an increased signal margin w thout requiring
expansi on of the channel bandwi dth, rultiple bandw dths, or multiple
transponders. 25 It would al so be desirable for a TDVA

communi cat i orwey¥e@s to al | ow f or transm ssion of si grEfEUSHM824n

I nereased signal margin without requiring a change . in the structure
or organi zation of TDMA franes. 4 It would be further desirable
for a nobile radi ocommuni cati on system t(g allow for transm ssion of

data nessages gl ieldellief HARREL pRBMifiry B ok 8y MBIt delfsioR Jor edchGhitAc y,
satellite or base station wth an increased signal nargin. WO
97/ 26718 and then a makes a final bit or symbol decision by comparing all of the preliminary
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dre{nﬁmns Thus, if tflee d?cg(rierahas made M Brehmmary decisions, the dg(fodgr will

I't would be fu er desirab communi cat i on systemto selectively
i ncrease the slegmminenhaygihe wirespondimglinformatioanbik iimi 1If frmoraghan half of ¢k on of

data 5  preliminary decisions were 1; otherwise, the decoder will determine that the
corresponding information bit is a 0. The same logic is used to decode a bit that
isa 0. To prevent an errbr which might result if exactly half of the preliminary
decisions are 0 and exactly half of the preliminary decisions are 1, M is chosen to
be an odd number. The decoded bits are combined coherently and the multiple

10  transmissions of the message are combined coherently to generate a message signal
having an increased margin.

In step 112, an error detector contained in the receiving apparatus detects
errors based on the CRC error detection coding provided at the transmitting
apparatus. If no errors are detected, the message is displayed on the receiving

15 subscriber’s mobile unit in step 114. If an error is detected, then the message is not
displayed at the receiving apparatus, the user is notified of an erroneous message
by a displayed error message or by an audio signal, and the receiver requests the
transmitter to retransmit the message or the erroneous parts of the message in
accordance with a bidirectional radio protocol.

20 According to the present invention, repeated transmission of messages may
be used in combination with repetition of individual portions of a message. That is,
individual portions of the message may be transmitted multiple times, and when the
entire message has been transmitted by means of the repeated transmissions of the
message portions, the entire message may be tranémitted again.

25 According to an exemplary embodiment of the present invention, the
transmission of message data in step 106 is performed during a time interval when
a carrier frequency, dedicated to transmitting message data, is switched into the
satellite beam and/or replaces the carrier frequency assigned to the recipient
subscriber. The dedicated carrier frequency is switched into each satellite beam at

30  predetermined message intervals. The switching may be performed by a multiplexer
located in the satellite or base station, or by other suitable means, and the message

intervals may be selected in a variety of ways. According to one example, the
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15  afrequency, the power used to transmit signals to the receiver is increased to a level
greater than the power level used to transmit signals over the traffic or control
channels. The receiver synchronizes itself to receive the message over the dedicated
frequency in a manner which will be described later.

Referring now to FIG. 5, a timing diagram of a SMS service according to

20  an exemplary embodiment of the present invention is shown. The high power short
message service (HP-SMS) is provided via a dedicated carrier of, e.g., 200 KHz,
which is staggered in time with, e.t., BCCH bursts. f; is the frequency of the
dedicated carrier for HP-SMS, and f; is a preselected carrier frequency with BCCH
time multiplexed with traffic channels (only BCCH bursts are shown in the FIG. 5).

25  Power is supplied for the fy-carrier only during the predetermined message intervals,
which in this case are the FCH and SCH channels in the f-bursts; power is not
supplied to the f; carrier during the predetermined message intervals.

In this embodiment, the FCH and SCH provide 4 bursts per multi-frame of
message capacity. A multi-frame is chosen to consist of 51 frames, i.e., 51 x 16

30 time-slots, and lasts for 470 ms. As shown in FIG. 5, these 4 bursts occur in

frames 1,13,26 and 40 (that is with frame spacings of 12, 13, 12, 14); a fifth burst

can also be used to include a unique word. Alternatively, all the 4 message bursts
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Brief Description of the Draw ngs The foregoi ng

features and WPaR$MBes of the present invention will ‘g'b’hﬁ?@g%adl |y

under st ood upon reading the follow ng detail ed description in

conjunction with the drawi ngs in which: & FIG 1 is a block

di agram of an exenplary nobile radi oconmuni cation system

FIG 2 is a diafbebantigesdsnd ok Qrtﬂﬂl’ﬂtr&ﬁ’&m%xﬂfr\embﬂ@ e medsageafranied a8l GSM
di gital radi ocomuni cation syst FIG 3 .is a diagramof a

sat el | i t e- basenhegspaliyestagegresici m@dﬁl@ﬁ, O es that the 8 beams transmitling
BCCH at the same time do not transmit message data at the same time. The

message slot is therefore transmitted only in one beam at a time, maintaining a
5  substantially constant transmitter load.

Referring now to FIG. 6, each message burst contains 156.25 bits, which
include 8.25 bits for guard and ramp up/down, and 6 tail bits. The remaining 142
bits are divided into a 14 bit beam ID and 128 data-code bits. The 128 data-code
bits can be K orthogonal code patterns selected by log, K information bits. The 128

10  data-code bits corresponds to 7 message bits. Assuming 2 repetitions of a 126-bit
message, 252 bits (2x126) must be delivered. Hence, a message can be delivered
in 36 HP-SMS bursts. This corresponds to a message delivery in 9 x 51 TDMA
frames or 8.47 seconds/message. With 121 beams the number of messages
delivered per second from a satellite will be (121/8.47) = 14 messages.

15 In one implelhentation, the receiver synchronizes itself to receive the data
message in two steps, coarse synchronization and fine synchronization.

In the coarse synchronization step, synchronization is achieved to within
approximately 7 seconds using, for example, the energy profile method. According
to the energy profile method, synchronization is performed based on the strength of

20 the signal received by the receiver. As will be discussed in more detail below, the
power profile method accurately acquires initial synchronization over the HP-SMS
channel, even at very low signal to noise ratios (SNRs).

In the fine synchronization step, synchronization to the bit level is obtained
by correlating the orthogonal data-codes in each burst. The correlations are added

25  over the repeats to provide an adequate step to reliably decode message data. In this
step, synch is achieved to within a fraction of a channel symbol interval.

In this embodiment, the receiver synchronizes specifically to the HP-SMS
FCH and SCH channels, and the sleep cycle can be determined in accordance with
these channels. In the HP-SMS mode, the mobile wakes up for 4 slots every 51

30 TDMA frames, implying a duty cycle of 1/204. However, in the HP-SMS mode
the mobile may also wake up to check if it can receive a normal calling channel or

a cellular channel. This will typically require the mobile to wake up for another 4-8
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be I mpl enent ed,; FIG 4 is a flow chart describing the
transm ssion of a short nessage according to an enbodi ment of the
present invention;- FIG 5 is a timng diagram shgw
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10  frames. To accommodate peak HP-SMS capacity in a beam, a message burst can
request a user to look for a message in a time slot at a later time.

The power profile method will now be described for the case when the four
message slots occur together. The method is easily extended to the case where the
message slots are staggered.

15 The receiver samples the signal at one sample per bit and accumulates the
signal samples over a duration equal to four time slots (625 bits; assuming 156.25
bits per slot). It stores the accumulated value in a bin. Over a duration equal to 3
multi-frames, there are 612 bins. After a time duration of 3 multi-frames, the
accumulated power over four time-slots at that time is added to the corresponding

20  bin. After sufficient accumulations, the maximum bin valve is chosen to represent
the interval where the data message occurs in the beam.

The power profile method for performing coarse synchronization will now
be described in more detail. A received signal includes useful real signal a and
complex noise x + jy, where x and y are Gaussian random variables with unit

25  variance. Thus, the carrier-to-noise ratio C/N is given by a%/2.

The instantaneous power is defined as

P = (a+x) +y*. | )

The mean power can be shown to be

m,=a®+2
= 2(CIN) + 2. @

30 The standard deviation of P can be shown to be
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Sent AR therecsiyed signal.y, ¢ he subscri ber

i nconing cal | . They MERRBicel JT\iE4griaP Borfiptsiiehis $he' Mbdnddridethé sandaid deviaion
the nessage by providing for an efficient technique for increasing si

margin 3
i nterference.
limting the

10

15

20

25

ofithehreselting §aise Pewen vegOF &, power increase, or co-channel

f adi ng

of an
of
gnal

15 For purposes of illustration only, and w thout

scope of the m, =2
0'" = 2' (4)

When power is accumulated over 3k multi-frames, i.e., over a time equal to
1.41k seconds, the number of samples over which the power is averaged is k x 625.
Let S denote the random variable corresponding to the average power in the bin
where the useful real signal is present, and the power is accumulated over 3k multi-
frames. By invoking the central limit theorem, § can be approximated by a
Gaussian random variable with mean m, and standard deviation g,=0, / ‘/Eﬁ .
Similarly, the random variable N, which is the average power in a bin where the
useful real signal component is not present, can be approximated as a Gaussian
random variable with mean 2 and standard deviation ¢ =2/ 625k .

Since the power profile method chooses the maximum among the different
bins. the method succeeds when § is greater than the maximum of the random
variables N corresponding to the other 611 bins. If M is used to denote the random
variable which is the maximum of the 611N bins, the cdf of M can be expressed in
terms of the cdf of the N’s as

PM(X) = [ P N(x)lﬁll (5 )

P, = Prob{S > M} (6)
In terms of the probability density functions psfx) of § and py(x) of M, the

correct detection probability is

. P,=l:_w I:--«- P (x)p)0)dydx. 7



.invention, a satellite-based GSM radi ocommuni cati on system usi ng TDVA
channel s may be assuned to exhibit the follow ng conditions. The
comuni cati on channel has no |ine of sight conponent and is subject
to flat Raylei fading wth severe attenuation. As w |

appr eci at ed byg‘f‘?l%gtg @f skill in the art, Rayleigh (or 20 mkjlc?@ps)g”or?&"
fading is a phenonenon which occurs when .nultipath waves form

standi ng-wave pairs due to reflection fromthe physical structures in a
service area. The standi ng-wave pairs sumred together form an

i rregul ar waveThiadtanpegtwritieniae. When the nobile unit is stationary,
it receives a constant signal. However, mhen the nobile unit is

novi ng, the fading structure causes adln ccur which 25 i ncreases as
the nmobile unit noves faster. £ vel of the non-ideal

Rayl ei gh channel is a rOX|nateI 20230 ¥ t.he signal |evel of8)a
ne;r-igeal Ilnepgf si ght chann4L 'ﬂshﬁ%iéﬁ éﬁ] Ingorder to engare
reliable transm ssion of a short nessage to the nobile unit in

non-i deal conditions, the signal margin nust be increased. According to the
30 present invention, bit repetition and power increase can be conbi ned

FD(C)ZT/F) Lg\é'??g Ogg 4 The synch%z%ér@ﬁgri}(ﬁ'mance of the power profile method is shown in
FIG. 7. The probability of correct detection P, is plotted against the carrier-to-noise

5  ratio C/N for different acquisition times (values of k).
The carrier-to-noise ratio at a nominal operating point can be found using the

link budget for the message channel, as shown in Table 1. .

Item Allowance

EIRP 46.6 dABW
10 ' Path Loss -182 dB
Margin -27 dB

KT 228.6 dBW/Hz

G/T -24 dB/K

Noise bandwidth 51.4 dBHz
15 C/N 9.2 dB

Table 1: C/N calculation for the HPSMS channel

The synchronization acquisition performance of the power profile method on

the message channel at the nominal operating point is summarized in Table 2.



12 I ncreased signal margin wthout significant del ay.

It will be appreciated that decibels (dB) are units used to express ratios
-of power, current, or voltage. Specifically, a power ratio (P2/P1)
may be expressed in decibels by the formula dB = 10 |0 lﬁPZ/Pl) A

si gnal mar gi WO2618 dB requires 5 a power ratio of 1000,P€T S84 | o
1000 = 30. Thus, to achieve this signal margin solely by bit
repetition, each bit nust be repeated O times and the signal nargin
fromeach repetition nust be integrated at the receiver, resulting in the
82 second del ay cal cul ated above. However, to achieve a 15 dB margin,
the required power ratio is only 31.623, since 10 log 31.623 = 15.
Thus, a 30 d S|gn @y 10 Ne\A §_ j ngreasi ng the power by
15 dB and reoeatlng‘bgﬁﬁgblt appr o)i na QS?P&B&&QE%H *“{inms. Using this
technique, the bDit-re fron delay for a ?%:ﬁgaracter nessage - s (64
characters X| 8 bits/c ter X 31 repeats § X 18.64 [ns/slot X 1/114
slot/bits) adplUXinuLei 2.5 Secon resur t, tng bit repetition
delay is mai nt aidFRdds at a rea<onable Méﬁ% and tHe power increase is
al so mai nt ai ped—at—a—tb—reasenabire—tevet—thereby—avdi di ng co- channel
interference} It wll &nﬁappreC|atéd I8 many diff ferent conbi nations
of repetitiO']Q and power Lncreaseslare Innccihl e to achi eve successf ul
conmuni catiop in Raerngsfading envi ronmentsow t hout si gni ficant
delay. "Furthgr,_rather_than repeatijlng individual bits df a digital signal,
groups of bits may be repeated 20 Referring nowto FIG 4, a
flow chart describifgydh Afcgasiaa?. pifGiabe 2 NORMAL Operating Bimage using the
transm ssion nethod o resent invention 1s sh oﬂn eferring now
to FIG 4, a flow chart describing the transm ssion of a short nessage

usi ng

In an implementation where message slots are borrowed from the broadcast
control channel BCCH, the BCCH bursts occur every 16th slot. The slot on which
the BCCH bursts occur is staggered from beam to beam in 2 16-cell pattern. With

10 121 beams, approximately 8 beams at a time are transmitting BCCH, while the
other 113 are transmitting traffic. As mentioned above, in 4 out of 51 frames, the
BCCH slot is staggered with the dedicated message carrier, which also serves the
FCH and SCH functions.

In an exemplary implementation, the message bursts are transmitted at 7 dB

15 above the power provided to edge of coverage traffic channels (8 watts). Hence,
the message bursts are transmitted at 40 watts. The BCCH bursts are transmitted
at 16 watts which is 3 dB above the traffic channels. Since the BCCH signals in 8
beams are transmitted simultaneously the total power is 64 watts. Hence, the BCCH
and message channels together take up 128 watts of the spacecraft power. This is

20 18.6% of the spacecraft S-band RF power (689 watts).

Preferably, increased '_signal margin for the message channel is provided by
a combination of additional power, spreading by a 128 chip code, message repeats
and/or error correction coding. In the following example, coding gain is not
explicitly included. If the traffic channel provides a 7 dB minimum margin over an

25  AWGN channel, 9 dB additional power over the traffic channel provides a 17 dB
margin over an AWGN channel with rate 2/3 coding. The spreading gain achieved

by using a 128 chip code for 7 information bits provides an additional gain of 1]



the transm ssion nethod of the present invention is shown. In step 100, a

sendi ng party inputs a nessage to be transmtted to a receiving
subscri ber. The nessage 25 may be input into the communication system
directly by the seng ng party throug THIS SHEETRAS BEEN 't . S5 fobis24

t el ephone, a cH '?stern1nal or equival gap| ce, e nessage
may be i nput |nd|rectly by calllng a vice center who

i nputs the nessage into the system The ngssage address is used to

determ ne whi ch satellite beam or assigned frequency is being used to

serve the reci pBfi018£)(128/Tlns &/I)paelativen ta tthep rdt® 23/3t ¢odingnf dunthes, omedsages

(I;(c):[rr}:) [JISSI7?80E322 rse{J]é%{tl%n With Soft decision decoding provides a\r%?hgr i‘ 819 :Jﬂg Thus, t@verall

located at the rhir@ﬁﬁdﬂci'h@m%wbh&meﬂs@ﬂB qﬁimﬁn@ase)ede,daqumhe afrgih)C+ The
encoded e constitutes one or nore 8 wor ds, each contai ni ng
codeword bits o¥2- 2.6 B spreading) 3B (mpesgags gere2lE P i zed that the

transmttersnmay be t1g foRdwihg tdbfe sufari@iBs the merging taﬁa péfornfahcedthfi3RAIEEofINT T .

5 In step 104, bit repetition can be enpl oyed, such that each of
the codeword the traffis, paging aad message Shanpals- by t he encodi ng means are
repeated Ntinmes to forma paeket cofjtatrg—N-btgs. It will be
apparent that, instead of r {faesmteterg irﬂdl‘raffntLBCCHi tHP-SMS

" [EIRP (dBw) 37.6 | 37.6 46.6

|Margin (dB) - 17 .30

10 C/No (dB) 53.4 | 43.4 39.4
[FER 1% | 1% 1%
'Ec/No (dB) 0.9 [-109| -14.9

Table 3: Performance Thresholds
While the foregoing' description includes numerous details and specificities,
15  itis to be understood that these are merely illustrative of the features and principles
of the present invention, and are not to be construed as limitations. Many
modifications will be readily apparent to those of ordinary skill in the art which do
not depart from the spirit and scope of the invention, as defined by tﬁc following
claims and their legal equivalents.
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synbol s, groups of two or nore bits or synbols, or the enti Icmm mIm““l
codewords could al so be repeated. 10 Packet s are”ﬂl“‘
transnmtted in step 106 such that each slot within a TDMA * ¢ frale 5 * =
i ncl udes one or nore packets of repeafiid $HEET, HAS BEENdet ectiq%gmgsﬁ%% bits,

and a WO st to enabl e thﬁ recnggﬁcg estilmate t
quality. Al bits conpri si ng nessage are :

transmitted in this fashion. If bit 29 repetition and nessage
repetition are enployed, once the entire encoded nessage has 15 been
transmtted, dieaiMensm ssion of the nessage (in the formof packets of N
codeword bits) can be repeated Mtines to achi eve the desired signal

margin. It wll 1. A TRMAy porp@Epigation sysem, CAPPRYE he short nessage may be
transmtted from aoﬁ@Bxe}x\'()}él%ceip&?;eand station, or nobile station,
encoding and transmtting functions are provided in each of these

devices. It wll abs®obeap trapsmistersdfor lexchanging dirsicandt sgconsptammunication

techni que 20 . of, t ) ' nt i n e lncl '

transmtter t8lg8%lf eqﬁﬁ %ﬁtﬁg}’e rebéive n‘g ré%f%ﬁ%“e‘%%t'%ﬁ%n%%%Ssage
repetitions Movérvheofapluralitg of asizned frequenciys, tthe transmittersimbluding rhdaas forgnal
margin required for successful transn ssion OE t he messg&g. .

Ref erring sti Fecejvingnessage dafa fobe tansppjted to;pne OF the;rerelygTs, alrpasfoy encading o
nobile théeNnkssaSAt fibdnks By trb&h%ﬂtti%ﬁahé efcoded dff Uhesadgendver@vdearhteganpl es
the received signal, 25 including the repeated encoded nessage, bits,
error detecti &equency at arfhird pawse jeval bighgrythan the firsts power: levsl, Hie; dedicafed
generat esyp mf{eﬁh&\c lﬁgingfd' Q‘@ntffpcfrmthe[é%ﬁ%]led frequenctider e rlerr] is the sanpled
recei ved signal "corfesponding to the it repe‘%ltlon of the

information bit or synmbol S in packet repeat j, and CJerr] is the

correspondi ng esti n [ ] ecoder
contained in the rggrérﬁ%%sée“aé’%é‘gpzég’g gsut%n;cxrésa%ﬁ t%h%@&%%qgfltgd%i synbol

in the TDVA sl ot f means for switthing adocab oscilatominsibé ttransmitter frombihaiassigned

~majority logig votin or,at her. suitable d din S..ndO
i npl ement  sof ?re@gqmyg{) i degmteggga&eé\cy J@'d%%?rml%dgﬁ{% as anJ[ err], and
lm':lk_es a bit or symaghngddel stansmiige theoBndoded dats messagepdvenehte dedjcatedt y
ogi c

15 frequency during one or more of the predetermined intervals.

3. The system of claim 2, wherein the encoded data message is transmitted

multiple times.

4. The system of claim 3, wherein the encoded data message is divided into

portions, and each portion is transmitted multiple times.
20 5. The system of claim 4, wherein each portion includes one or more bits.

6. The system of claim 4, wherein the receiver includes:
means for synchronizing the receiver to receive the encoded data message
over the dedicated frequency;
means for integrating the multiple transmissions of the portions of the
25  encoded data message and the multiple transmission of the encoded data message at

the transmitter/receiver.

This Sheet Has Been Replaced
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T IIIIllmIIIIl IR

‘voting, the decoder makes a prelimnary bit or synbol decision each °
metric y[err] and then a nakes [ ol degiSi
conparing all ‘UPW’H@‘?)reI i m nary qm%??gg%@g%Ew i f tf\@ esgg’nddé% has
made M prelim nary decisions, the deJLgda-r_w-L'J—————dabterm' ne that the
correspondi ng i nformation bit isalif mre than half of the 5
prelimnary decisions were 1; otherw se, the decoder will determ ne that

t he - correspondi The sysfeor ofitiabm 6hivtheresn ¢heOmeank dos wnehﬂooiging pesfonned t o

decode a bit that | S 0. . To prevent. an, error resu
exactly hal f of’oatr’f?eswgfq“maﬁ%ﬂ P the recea\ée&gqs%dnémayaé'la\éh ! &%S'FF 5 f of
the prelim nar yr&@gi, sn@ferfoffis fine MyhchreiiA%6M of Ghe receiverdBasad oﬁdﬂ‘thﬁgkﬁﬁaﬁr- The
decoded bits are conbi ned coherent and the nultiple 10 transm ssi ons of

the message ar 6atacodey erovpipsdnia cach portipg of theesngeded fatauessage. si gnal

having an increased nargin. In step 112, an error detector
contained in the receiving apparatus detects errors based on the CRC
error detebtion codBribhepsystemdefcrlaim T,heherein tameorrse synchronization frepegfommed | f no

errors are det gohgdmbhg SR PofiE of eBtG Gihal.he T ecei ving

9. The system of claim 2, wherein the transmitter is a satellite and the

receiver is 2 mobile radiocommunication unit.

10. The system of claim 2, wherein the transmitter is a mobile switching

10 center and the receiver is a mobile radiocommunication unit.

11. A method for transmitting a data message between a transmitter and a
receiver which exchange communication signals over an assigned frequency at a first
power level, comprising the steps of:

inputting the data message to the transmitter;

15 encoding the data message; and

transmitting the encoded data message from the transmitter to the receiver
over a dedicated frequency at a second power level higher than the first power level,
the dedicated frequency being different from the assigned frequency.

12. The method of claim 11, wherein the step of transmitting is performed
20 by the steps of:
switching the frequency of a local oscillator in the transmitter from the
assigned frequency to the dedicated frequency for predetermined intervals; and
transniitting the encoded data message over the dedicated frequency during
one or more of the predetermined intervals.

25 13. The method of claim 12, wherein the encoded data message is
transmitted multiple times during the step of transmitting.

This Sheet Has Been Rerlaced
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15 subscriber's nobile unit in step 114. If an error is dmnmmmmmmm“l
t he nmessage i s not di spl ayed at the receiving apparat '

‘notified of an erroneous nessage hy a displayed error fresSage dt

an audi o signal, and the receiver I‘(MIHH&‘SHPETI(HA ransmtter to
retransnit tWOEEHEge or the erronj=ous (REFLAC g?%y mes s agBCTYS97/00824
accordance with a bidirectional radiro—pret CC" According to
the present ‘i nvention, repeated transm s§ion of messages may be used
in conmbination with repetition of indivi'dual portions of a nessage. That
i's, i ndi vi dugd, 99& Wrietidd A?fcidifa3RASRAFHhERNcdIBd Wad MeXidgk 8¢divtdelii P! €

ti mes, and when the entire nmessage has been transmtted by neans of
the repeat ed intePerHons, afifseach portion is transfitieds pwltipde times sluring dhe: step rof
nmessage may bfr?:ﬁ] g1tted again. 25 According to an exenpl ary
enbodi nent of e preésent invention, the transm ssi on of nmessage data
in step 106 is perforned during a tine interval when a carrier
frequency, dedi cat 0 transm-fti ssage ,dat a wi tched into the
satel lite beam andfgrﬁ‘r‘e‘bﬁ@fe‘g‘ CE qgaw %‘f%@%ﬂ?%@?ﬁ‘ﬁ'ﬁé’&@? biffe

reci pi ent subscri ber. The dedi cated carrier frequency is swtched

into each satellite beam a Hlmpredeterm ned. nessage intervals. The
swi t chi ngdmay be pH-iBE %1"1 14 Jreher,comprising the;#epsQf i n the satellite

or base station, og nEMoﬁi[zh@rthE UbdeBRE Q0 TBRAR, thd¥lcdde8 dIBSMBHRge over the
I nterval s may be seI ected in a variety of ways. According to one exanple,
t he dedicated frequency;

integrating the multiple transmissions of the portions of the encoded data

message and the multiple transmission of the encoded data message at the receiver.

10 17. The method of claim 16, wherein the step of synchronizing is performed
by the steps of:
coarsely synchronizing the receiver based on variations in received signal
strength; and
finely synchronizing the receiver based on orthogonal datacodes contained

15  in each portion of the encoded data message.

18. The method of claim 17, wherein the step of coarsely synchronizing is

performed by determining a power profile of the received signal.

19. The method of claim 12, wherein the transmitter is a satellite and the

receiver is a mobile radiocommunication unit.

20 20. The method of claim 12, wherein the transmitter is a mobile switching

center and the receiver is 2 mobile radiocommunication unit.
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associ ated control
for use as nessage frames in a short nessage

second exanp

sl ots sel ected
5 occurring in each frane or gnpsp of franes.
may be sel ected as nessage

n slots

appreci ated that other intervals

predet erm ned nessage interva
channel
|l e ¢fscdet ermi ned nessage interval
e broadcast control channel

may be
ron1t

may be during the sl ow
(SACCH) franmes or other frames sel ected
service.

Accordi n

be

gto a

(BCCH) or ot %’r&g‘{&o‘ﬁ% of
It wll

intervals for a short TFES £rvice using the dedicated carrier
frequency acgording to Jﬁg:e ent 1 nvention. Wien the .
dedi cated cafrier frequeapmgRARF switched into a beam and/ or repl aces a
frequency, the power used to transmt signals to the receiver is increased
to a level gfeater 10 than the power |evel used to transmt signals ovyer
the traffic pr control channels. 1 recei ver synchronizes jtselfjto
receive the pessage over the dedicg@ted frgquency in a manneg whi ch
will be descfibed later. Refeerring now to G 5, ajtimng
di agram of a} SM5 service accordingjt pX e } t the
present inveption is shown. The hi gh [power shor{ vi ¥e
(HP-SM5) is provided via a dedicatédlcarrier of] e. whi ch
is staggered|/in time with, e.t., B bursts. flerr pncy of
t he degdi cated carrier for HP{SNS, and f[efTT 3 arrier
frequency w fh BCCH 140 time nmul{iglexed withjtraf only BCCH
bursts are shomn in {he FIG 5). Power i s]sup
flerr]-carrifr fonly during |t he predetler mi ned neisag D) which:
in this case| arje the FCH anjd SCH charne 7ﬂlth,f[‘ bwer i s
not supplli ed WL he fH-e+ G;f¥i? 5&@9 t he nmessage
i nterval s. Iq this epbad he F | de 4
bursts per | t}i - f rane of nmegsgge acity. Amulti-frang ip osen
to consist of 51 franmes, 1.e., 51 k 16 tine-
CONTROL
CHANNEL
TRANSCEIVER
BASE STATION
{
110
\4
VOICE ARD CONTROL 170
CHANNEL TRANSCEIVER
PROCESSING URIT —180
HOBILE
}
120




slots, and lasts for 470 ns. As shown in FIG 5, these 4 bursts occur in
forames 25 1,13,26 and 40 (that is with frame spacings of 12, 13, 12, 14);
a fifth burst can al so be used to include a uni que word.

Al ternatively, ol d70c\g 4 nMessage bursts WO 97/2%“}/%&7/00824

PCT/ US97/ 00824 can
be contiguous in tine. In both transm ssixg nethods, the nmessage franmes are

orthoganal |y staggered in different beans, to ensure that the 8 beans
transmtting BCCH at the sane tine do not transmt nessage data at
the sane tinme. The message slot is therefore transmtted only in one
beamat a tinme, nmaintaining a 5 substantially constant transmtter | oad.
Referring nowto FIG 6, each ngssage burst contains 156.25 bits, whi ch

include 8.25 bits for guard and®anp up/down, and 6 tail bits. The g
remai ni ng 142 bits are dided into a 14 bit beam I D aQd 128 s
dat a-code bits. The 128 data-co b s can be K ortho%nam code§
patterns selected by log[err] K Lnformatlﬁl bi tQ The &t a- co.de
bits corresponds to 7 nessage bids. Assurrﬁ”ug 2 epetltl axl26- by
nmessage, 252 bits (2x126) nust 3 dellvergd Hegce ssa can be
del i ver ed § Q

N

>

PRIOR ART
FCCH (FREQUENCY CORRECTION
~— RACH (RANDON ACCESS L'IMM'[[,
SACCH (SLOW ASSOCIATED CONTROLECHARY

AGCH (ACCESS CRANT)
—— FACCH (FAST ASSOCIATED cor/mol%

— SCH (SYNCHRONIZATION CHAMNEL,
—— SOCCH (STANDALONE DEDICATED CONTRUR ¢

—— PCH (PAGING)

?

COCH
(CONNON CONTROL CHANNEL )
__DCOH _,
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LOCATION UPDATES Elc)
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(BROADCAST CONTROL CHANNEL)
DOWNLINK
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——FULL RATE
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in 36 HP-SMS bursts. This corresponds to a nessage delivery in 9 x 51 TDVA
frames or 8.47 seconds/ nessage. VVtrcﬁﬁﬁr%eans—Lhe_nunber of nessages
del i ver ed per second froma satellif SHEBE HAB2BEEN 17) [err] 14 nmessages.

15 I n i npl ement ation, |t he rRIRLACED syncproni zes

receive the dai)"s?"”z‘v"l8 nmessage in two Steps, —coarse—synchroni lz,g%llﬁgdr?kg%g
fine synchronization. I n thegygoarse synchronization step, _
synchroni zation is achieved to within approxi mately 7 seconds using,
for exanple, the energy profile nmetho ccoydi ng to the energy
profile nmethod, synchronization is per based on the strength of .20

t he signal recelved by the receiver. Agiwrit).be discussed in nore detai
bel ow, the power profile nethod, wAt 8ky acquires initial
synchroni zation over the HP-SMS . , éven at very low signal to
noi se rati os (SNRs). -7 {n the fine synchronlzatlon step,
synchr.oni zation to the bit, ?evelfls obt ai ned by~corre|at|ng t he

ort hogonal { dat a- codgs i each blrst. The correl ations are added 25 over
/
the repeatk to provilde an adef§uate sfep to reliably decode Jressage data. In

this step, synch is afhieved Yo within a fraction of a.channel synbol
i nterval . | ’t hi s enbgdi nent, the receiver synch onr zes
speci fi cal HP- S F¢H and SCH channel s, and the sl yEl e
can be det aCehr dpnce M t hese channels Injth S
node, the es| r 4 every 51 30 TDVA fra i1hg a
duty cycl e of 1/204 However , in the HP-SNB node the nobile nmay al so
wake up to check if it can recei ve ayﬁQI al | i ng channel or a
cellular channel. This will typicall the nobile to wake up for
anot her 4-8
COMMUNICATE OVER FIRST LINK;
100 — SCAN FOR NEW CONTROL -
CHARNEL DURING IDLE TINE
102 — NEW CONTROL .4
_ CHANNEL DETECTED 7
lrfs-
DETERNMINE SYNCH PARANETERS
104 — DURING IDLE TINE OF
FIRST CONNUNICATION LINK
STORE SYNCH PARANETERS This Sheet Has Been Replaced
06— IN NENORY: NONITOR e ”I
NEW CONTROL CHANNEL
" SIGHAL QUALITY OF 49
108— FIRST LINK =< THRESHOLD |/ ESTABLISH NEW ~110
AND SIGNAL QUALITY OF CONNUNICATION LINK
NEW LINK = THRESHOLD 7
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WD 97/ 26718
PCT/ US97/ 00824
slots every 51 franes,

The beam I D |nﬁa§8ﬂg§§$s

BCCH carri er

achieve 5
strength profiles of the
fine synchronization to the bit Ievel
data codes in the nessagesur st

by

17

resulting in a duty cycle of around 1.5%
age burst can be used as a pointer to
The BCCH is transmtted on a [imted

frequenci es and never nore than one per Rlgam The nobile term nal
coarse synchroni zation to the BCCH format using signa
message bursts only,

i i t he
Felshhlghao
can
and then can obtain

correlating with the known
To maxd m ze capacity, the

dedi cated carrier freque canj hop on aII'BeanB in one of every
three nulti-franes, and be jlexible in fhe other tjpo nmulti- 10

frames. To accommodate p HP- BMS capacitylin a beam| a nessage burst can
request a user to |l ook for 3 sage in a tjne slot atfa later tine.

The power profile nethod & I w be descriped for thg case when the four
nmessage sl ots occur together. e nethod isjeasily extljended to the case
where the nmessage slots afe staggeredf 15 The receiver
sanpl es the signal at one_sanplg per bit accunul atjes the si gnal
sanpl es over a duration ual to four ti slots (625}bits; assum ng 156. 25
bits per slot). It stores the afcumul at ed lue in a Bin. Over a duration
equal to 3 mul ti-franes, fhere are 61 bins. Aftjer a tine duration of

| at ed power
i ng

3 multi-franes, the accur
time is added to the corresgond

S =
E .
& :
D
. =
S ;

Y

HP-SHS BURSTS

3

7
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7§

FIG. 5

over four ftine-slots at that

HP-SMS BURSTS
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20 bin. After sufficient accunul ati ons, the nmaxi nrum bin valve is chosen

to represent the interval where the data nessage occurs in the beam
The power profile method for performing coarse synchronization will now
be described in mre detail. A received signal includes usefycrhrdhessigonal
a and cHKPPESHbi se x + jy, where x and y are Gaussian random
variables with unit 25 vari ance. Thus,stéhe carrier-to-noise ratio CNis
~given by [err]/2. The i nstant aneous power is defined as
P=(atX)[err] +y[err]. (1) The nmean
. power can be shown to be mMerr] =
alerr] + 2 = 2(ON + 2.
- (2) 30 The standard devi ation of P can be shown to be
- WO 97/ 26718 “
| PCT/ US97/ 00824 3 18
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[err] = [err] | = [err]

(:3) In equations (1)-(3), the subscript s indicates the fact
that the useful real signal component is present in the received

si gnal . t he absence of a signal conponent, the_nean _and the
standard devi atwgr?@dlgof the resulting noi se power vector i ; PET/USI7I00824
mMerr] = 2 _ 6/6 [err] = 2.

(4) When power is accurnul ated over 3k multi-frames, i.e.
over a time equal to 1. 41k seconds, the nunber of sanples over which
the power is averaged is k x 625. Let S denote the random vari abl e

corresponding to the average power in the bin 10 where the useful real
signal is present, and the power is accumul ated over 3k nulti-

frames. By invoking the central Iimt theorem S can be approximated by a
Gaussi an random variable with nean n{err] and standard deviation [err] =
[err].- Simlarly, the randomvariable N, which is the average power
in a bin where the useful real signal conponent is not present, can
be approxi mated as a Gaussi an 15 random variable with nean 2 and standard
deviation [err] = [err] : Since the power profile nmethod
chooses the maxi mum @EDMNG; the; dirTTerent  ::i:: biing tAe net nod 30Rceeds when
Sis greater than theimaxl num of the randédim: :: : ivakiabl es N ¢orresponding
to the other 611 bing: lif: Mis used: to dehoté ire=~rafrdont vari abl e
which is the maxi mumjof ithe 611N bins, the:ddf| ofy M,can ke pxpressed in
A : I NS
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26- terms of the cdf of the N"S as .
Plerr](X) = [Plerr](X)][err] . : (5) _
Pterr] = Prob{s > M | ‘ - (6) I'n ternms of
t he probability densi ty functi ons ps(x) of S and p[err] (X) of 'M _the
correct detection probability is :
[err] 25 WD 97/ 26718 - -2-
PCT/ US97/ 00824 19 Thi s
can be rewitt g.ansgglver 170. Then the processing unit 180 evaluates the received control channel
information which mcluc;es the chagacter_lstlcs of the candidate cells and determines
which cell the mobile should lock to.” The received control channel information not
only includes absolute information concerning the cell with which it is associated,'but
5 also‘éontains relative information concerning other cells proximate to the cell with
which the control channel is associated. These adjacent cells are periodically scanned
while monitoring the primary control channel to determine if there is a more suitable
candidate. Additional information relating to specifics of mobile and base station
implementations can be -‘fou_nd in-U.S. Patent Application Serial No. 07/967,027
10  entitled "Multi—Modé Signal Processing" filed on October 27, 1992 to P. Dent and B.
- Ekelund. It will be appreciated that the base station may be replaced by one or more
satellites in a sateﬂiteébas'ed mobile radiocommunication system.
_ To increase radiocomrhunicatior; system capacity, digital communication and
multiple access techniques such as 'Frequency Division Multiple Access (FDMAj, Time
15 Division Multiple Access (TDMA), and Code Division Multiple Access (CDMA) may
be used. The oﬁjeétive- of each of these mulﬁple access techniques is to combine
signals from different sources onto a common transmission medium in such a way that,
at .th'eir deé_tinations, the different channels can be separated without mutual
, interference. In a FDMA system, users share the radio spectrum in the frequency
20  domain.  Each user is allocated a part of the frequency band which is used throughout
a conversation. In a TDMA system, users shafe the radio specti'um in the time
domain. Each radio channel or carrier frequency is divided into a series of time siots',
- and individual users are allocated a time slot during which the user has access to the
entiré frequency band allocated for the system (wideband TDMA) or only a part of the
25 band (nafroWband TDMA). Each time slot contains a "burst” of information from a
data source, e.g., a digitally encoded portion of a voice conversation. The time slots
are groupéd into-successive TDMA frames having a predetermined duratiom. The
- number of time slots in each TDMA frame is related to the number of _différent users

that can simultanéously share the
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[err] The synchroni zati on performance of the power

profile method is shown in FIG. 7. The probability of correct
detiection Plerr] is plotted against the carrier-to- noise 5  fatio C/'N for’
di fferent acquisition tinmes (values of k). .. The’ .

carrier-to-noise ratio at a nom nal operating point can be found usi ng the
I'i nk budget for- the nessage channel as shfwn in Table 1. :
ltem Alo El RP

46.6 dBw 10 frame synchromzatlon data togthg probile yait. -182 dB

g/g r896 q BW Hy Using a GSM?r;pedglstem as an eémpple, the slow associated cé%-{ro_l ngan&lg} K
SACCH can be formed by dedicating every 26th TDMA frame to carrying SACCH
information. Each SACCH frame includes 8 time slots (1 SACCH slot for each traffic

5. slot 'in the frame), allowing ome unique SACCH channel for each mobile
commum'cation link. The base station or satellite sends commands dver the SACCH
channel to advance or retard the transmission timing of the mobile unit to achieve time
alignmént between different mobile bursts received at the base station or satellite.

The random access channel RACH is used by the mobiles to request access to
10  the system. The RACH logical channel is a unidirectional uplink channel (from the
mobile to the base station or satellite), and is shared by separate mobile units (one
RACH per cell is sufficient in typical systems, even during periods of heavy use).
* Mobile units continudﬁsly monitor the status of the RACH channel to determine if the
channel is busy or idle. If the RACH channel is idle, 2 mobile unit desiring éccess
15 -sends its mobile identification number, along with the desired telephone number, on
the RACH to the base station or satellite. The MSC receives this information from the

base station or satellite énd assigns an idle voice channel to the mobile station, and
transmits the channel identification to the mobile through the base station or satellite
so that the mobile station can tune itself to the new channel. All time slots on the

20 RACH uplink channel are used for mobile access requests, either on a contention basis
or on a reserved basis. Reservéd—ba‘sis; access is described in U.S. Patent No.
5,420,864 entitled "Method of Effecting Random Access in a Mobile Radio System."

One important feature of RACH Op&ation is that reception of some downlink |
information is required, whereby mobile stations receive real-time feedback for every
25  burst they send on the uplink. This is known as Layer 2 ARQ, or automatic repeat
request, on the RACH. The downlink information preferably comprises twenty-two

bits that may be thought of as another dbwnlink sub-channel dedicated .to carrying, in

the
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Nofse bandw dt
-9.2 dB_
channel

power profile.
point is summ
PCT/ US97/ 00824

10

15

20

25

h _ 51.4 dBHz 15 C/' N
Table 1: C.N'calculation for the HPSMS
_ The synchroni zation acqui sitian perfornmance of the
met hod on t he nessage channel at the nom ral, aoperating
rized in Table 2. . 5 WO 97/ 26718 = 7 T
' -1o- 20

predetermined message interval may be during the sloﬁr associated control channel
(SACCH) frames or other frames selected for use as message frames in a short message
service. According to a second example, the predetermined message interval may be
during slots selected from the broadcast control channel (BCCH) or other group of n slots
occurring in each frame or group of frameé._ It will be appreciated that other intefvals
may be selected as message intervals for a short message service using the dedicated
carrier ﬁ'equenc& according to the present invention. '

When the dedicated carrier frequency is switched intd a beam and/or replaces a
frequehcy, the power used to transinit signals to the receiver is increased to a level greater
than the power level used to transmit signals over the traffic or control channels. The
receiver synchronizes itself to receive the message over the dedicated frequency in a
manner which will be described later. '

Referring now to FIG 5, a timing diagram of a SMS service according to an
exemplary embodiment of the present invention is shown. The high power short.
message service (HP-SMS) is provided via a dedicated carrier of, e.g., 200 KHz,
which ‘is staggered in time with, e.t., BCCH bursts. f, is the frequency of the
dedicated carrier for HP-SMS, and f; is a preselected carrier frequency with BCCH
time multiplexed with traffic channels (only BCCH bursts are shown in the FIG. 5).
Power is supplied for the fy-carrier only during the predetermined message intervals,
which in this case are the FCH and SCH channels in the f-bursts; power is not
supplied to the f; carrier during the predetermined message intervals.

In this embodiment, the FCH and SCH provide 4 bursts pe_f multi-frame of
message capacity. A multi-frame is éhosen to consist of 51 frames, i.e., 51 x 16 time-
slots, and lasts for 470 ms. As showﬁ in FIG. 5, these 4 bursts occur _in frames
1,13,26 and 40 (that is with frame spacings of 12, 13, 12, 14); a fifth burst can also
be used to include a unique word. Alternatively, all the 4 message bursts
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} .
Acqui sition Tinme Acqui sition Probab| I |ty

2.82s 0.8377 & .-l 5.64 s

0. 9931 ' 8.46 s L ©0.9998 5

-11..28 s 1.0 =~ ¢ Tabl e 2:."Acqui sition
Performance at Nom nal Operating Point I'n an inplenmentation
wher e nessage slots are borrowed fromthe‘zﬂf oadcast control channel

BCCH, the BCCH b 16th sl he..sl,
BGCH bur st odB 0B ocBaGhE B TlasHe b e e %%a&ﬂlﬁﬁu%erc alqss&gstrmlwo% :

&EI | eltZﬁebeams ﬂb@ﬁ{#&if@ are ?ggx%s{r???lli rtilgettlr mnt%

4 out of 51 fLANRWGKNGannel is BABHpowWet maeae)ag@ermd(vowermatgm)dedumea
nmessage carrier, which also serves the CH and SCH functi ons.

In an exenpl ar(gpreaqmgﬁﬁdat(moss?gﬂ@eﬁb?sﬂg@@ursts are transmtted at 7 dB

&gtts?boﬁgﬁzzge poweI[I_1 [:}J"ZVI ded 'Eos edge. of coverﬁgaﬁi af§§!§ Sggﬂgéﬁfdﬁ(&ﬁl}?e
BCCH bursts ar watts which is 3 dB above the

traffic channe ?Eﬁiﬂg%@dmﬁs% signals in 8 beans_are transmtted
Si @I t aneously the t ot al poEanllgterM wa,h’g c %ee&s 'I-flﬂgl\/EO:H

EIRP (dBw) | 37.6 | 37.6 | 46.6

Maigin (dB) - 17 30
10 . |C/No (dB) 53.4 | 43.4| 139.4
FER 1% | 1% 1%

Ec/No (dB) 09 [-10.9| -14.9

Table-3: Performance Thresholds
15 While the foregoing description includes numerous details and specificities, it
" is to be understood that these are merely illustrative of the features and principles of
the present invention, and are pot to be construed as limitaﬁons. Many modifications
will be readily apparent to those of ordinary skill in the art which do not depart from
the scope of the invention, as defined by.the .following claims and their legal

20 ‘equivalents.
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,-@sage'UCMmﬂe'}s ttyet her take up 128 viat't & of Phe spacecraft poVier .

S i s 20 18. 6% Of_the_‘s“pmﬁ“‘s*band RF power (689 watts).

g erably, increased the message channel is provided by

==y conbi nati on of addi tm Mﬂmmﬂ mLadl ng by a 128 chip code, nessage

g epeat s and/ or er« Ofc s one coding. In the foI |0y exanpl e,

Fcoding gain is not . explicitly included. L 6

Y provides a 7 dB m ni mum margi n over an-2522-
power over the traffic channel provides a 17 dB

EDg dBladdi ti onal -
HA—over an AVWGN

channel -with r@LAIMS3 coding. The spreading gain achi eved - by using a
128 chip code for 7 informatjon bits provides an additional gain of 11
-21- > dB (10105[‘%@‘??’22@?@“)&#@))30@5?%?8 ‘ve to the rate 2/3 coding.
Further, nessage repet soft deci sion decodi ng provides

anot her 3 dB gai n. @%SEH‘?EE“S%’P&\ J]margl n over an AWGN channel is 9
dB (power i ncrease)ohe hrditbré \tahsniteiIfor SichangiAy SorfiBumication(sEvaRAMHEAch3f dB
(message repeat)j= 31.6 dB. 5 The foll owi ng tabl sumari zes the

mergi ng an@ p sage.
dhe Enerds JROTE Teivesy d? Brst tink margin qvenerg of 2 Pht;?-lﬁg of aghigned
channel s. frequencies, the transmitters including means for receiving a message to be transmitted

to one of the receivers, means for encoding the message, means for transmitting the
eﬁcoded message over a de;limted message frequency at a second link margin higher
than the first link margin, the dedicated message frequency being different from the
L 10 assigned frequencies, wherein the second link margin is provided by bit repetition of
' ihe encoded message. '

2. The system of claim 1, wherein the means for transmitting inciudes:
~ means for switching an oscillator in the wansmitter from the assigned frequency
15 to the dedicated message frequency for predetermined intervals; and
means for transmitting the encoded message over the dedicated message

frequency during one or more of the predetermined intervals.

3. The system of claim 1, wherein the second link margin is further provided
20 by transmitting the encoded message at a second power level higher than a first power
Y level associated with the first link margin.

4. The system of claim 2, wherein the receiver includes:
- means for synchronizing the feceiver to receive the encoded message over the
25  dedicated message frequency;
| means for integrating the muttiple transmissions of the pordons of the encoded
message and the multiple ransmission of the encoded message at the receiver.

5. The system of claim 4, wherein the means for synchrcnmng pérforms coarse
30  synchronization of the receiver based on variations in recei{/éa_d signal strength, and
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s L ABiad L TUB H3G 2021 L9 89 20994465 #
Sl TV TILa‘f‘f i cvBECH ~HP- SIVB ; pHa Ve LY oy cved B RP (dBWY

"37.6  46.6 .- Margi n (dB) - 17
53.4 43.4  39.4

10_ | , ) _
v |||mum|u|||numf||| e e (49

< Thresholds 15 Wi fe the foregm ng de cri pﬂEBhAEEQ:I udeg nunerous

details and specificities,. it is to pg.understood that these are
merely illustrative of the features and principles of the present

i nvention, and pafemiTinelsPrhcifontafion drfitreddvdribaidd #g,% | £ ns
will be readily e}maarent?{:o t hose" of ordt‘r’ugry si&nl ﬁo%'&){g@d '@H‘““&g not
depart from th¢ endoded messagd.on, as defined by the foll ow ng

clains and-their | egal 20  equivalents.
-292.

ge

6. The system of claim 5, wherem the coarse synchronizatior. is performed by
5 determmmg a power proﬁle of the recaved signal.

7. The system of claim 2, whezem the transmitter is a satellite and the receiver

isa moblle radxocommumcanon unit,

it 1 8. The system of claim 2, wherein the transmitter is a mobile switching center

ang the recetver is a mobile radiocommunication unit.

9. A method for'nransmit-ting a message between a transxﬁ_itter and a réceiye:
- which exchange communication signals over an' assigned frequency at a first link
15 margin, comprising the steps of: | |
inpﬁtting the message to the transmitter;
encoding the message; and '
transmmmg the encoded message from the transmitter to the receiver over a
dedicated message frequency at a second power level higher than the first power level,
20 the dedicated message frequency being different from the assigned frequency, and the
hd . second link margin being provided by a bit repetition of the encoded message.

10. The method of claim 9, wherein the step of transmitting is performed by
the steps of: | .
2% | mtchmgmefrequmcy of a local escillator in the transmitter from the asszgned
frequency to the dedicated frequency for predetermined intervals; and '
transmitting the encoded message over the dedicated frequency during oneor
more of the predetermined intervals.

>
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L UST ie .1.. AT cormunl cat i on ‘syst #mcdnprd sthg! e

, one
@ receivers; and ———oehe—6r nore tyansmtters for -exchangl ng

i cati on signals ne or nore receivers at a first

mar gi n over one o m "ir equenci es assi gned to_one or nore
ecific receivers of t cei ver gtgns including
ans for receiving a nessage to be transmttegd € receivers,
Frreans for encoding the nmessage, neans fQfstansimtti lI' encoded nessage
over a dedi cated nessage frequency not specifically assi gned to any of the

receivers at a secgn BifoliBf IS} t he
dedi cat ed nessage 19r ggtglncy befaéﬁ’g di’ fﬁ%ﬁ?gﬁogﬁﬁq%gkg‘ég|I§gﬁlg%l%quenc| es,
wherein the sh;ctmnhmttmg the egéaded mepsaguladecketmdmctweréml highenthah thd”lﬁ'sencoded

‘nessage. The, s te |l aim,1, wherein the nmeans for
transmtting HWW&W"E@WE *her%f R switching an oscillator in.
the transmtter fromthe assigned frequency to the dedi cated nessage
frequency for predeterm ned interval's; and means for

transmittisng the e2cqledheteedghim\idr further cemprisigetie smpsafie frequency
during one or nore of the predeterm ned jntervals. The

system of clai m 1,SYMAEPUTIRE tecreceives il CETYR thaneierded message over %Mﬂ@é@ by

transmtting message at a second power |evel higher than a
first power I&Iei\;/kgifg%isisloq dted with the first |ink mar gi n.

integrating the multiple transmissions of the portons of the encoded message
and the multiple transmission of the enccded message at the receiver.

10
| 13. The method of claim 12, wherein the step of synchronizing is performed |
by the steps of:
coarsely synchronizing the receiver based on vagiations in received signal
strength; and |
15 |

finely synchronizing the receiver based on orthogonal datacodes contained in
each portion of the encoded message.

14. The method of claim 13, wherein the step of coarsely synchronizing is
performed by determining a power profile of the received signal.

20
i . . _
i 15. The method of claim 12, wherein the transmitter is a satellite and the
' receiver is a mobile radiocomsmunication unit.
- 16. The method of claim 10, wherein the transmitter is a mobile switching

25  center and the receiver is a2 mobile radioccommunication ugit.
Y :
.
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Z._ The system of claim3, wherein the receiver includes:

means for synchroni zing the receiver te receive the encoded nessage over
the dedi cated nessage frequency, and o means for -integrating

t he mul tiple transm ssions of portlons of the encoded nessage and t he

mul tiple transm ssion of the encoded mg6sage at the receiver. - 5.
The system of claim4, wherein the neans for synchroni zi ng perforns coarse
-23- synchroni zati on of the receiver based on variations in received
signal strength, and perforns fine synchronization of the receiver based on
ort hogonal datacodes contained in each portion of thesgncoded nessage.
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6. f Thgé Eysge[n of claim fuummlEln ""E" ﬂﬂarse synchroni zation is

perforned by determning a =—f-—eee44xe-d—-s-|_§.r§al .
7. The system of claim 2 Mt Be transhi t t BEFLACEMERNTSSHERES and® he

receiver is a nobile radi ocofmuniccati on unit. 0 Description : pagThensy steas of.
claim2, wherein the transmitter is a nobile sii®dHrmsxentrmgehia tbhmged 24
receiver is a nobile radi ocomunication~@frt. O Drawingds) : pagéd netbqegéd!.
transm_ tti ng a message bet ween a transm tter ahdd Abstaei ve:rpuwﬂi ch t8§RadI g
comuni cation signals over a frequency assigneld to the receiver at a first

l'i nk mar gi nCLAAMSEI si ng the steps of: DATE bﬁpﬁtégﬂﬂrth -fBggage
to the transmtter, encodi ng t he=message—aRg— 00

- dedi cat 'eﬁgfﬁﬂquiﬂﬁ?‘"'not B SR O o' The recel ver at & sebond
| i nk mar gi n hi gher t honaoterefrecebersi andk mar gi n, the dedi cated frequency
SRR AR KA ST T iR R 4
gfte ggdm?f Cori¥ dPnfbre Yh36TV4ts Bt 4 St ik idrgith o¥rérdé BF 4 Blunfalitylof fie@iehneits Beighid foldge
or more specific recejvers of the one or more receivers, the transmitters including means for
receiving a message to be fransmitted to-one of the receivers, means for encoding the message, -
means for fransmitting the encoded message over a dedicated message frequency not specifically
assigned to any of the receivers at a second link margin higher than the first link margin, the
dedicated message frequency being different from the assigned frequencies, wherein the second
link margin is provided by bit repetition of the encoded message.

2. The system. of claxm 1, wherein the means for ttansmltung includes:
means for swnchmg an oscﬂlator in the transmitter from the assigned frequency to
‘the de_dicated message frequency for predetermined intervals; and '
" means for transmitting the encoded message over the dedicated message
frequency during one or more of the predetermined intervals,

3. “The system of claim 1, wherein the second link margin is further provided by
transmitting the encoded message at a second power leve] higher than a first power level
associated with the first link margin.

4. The system of claim 3, wherein the receiver includes:
means for synchronizing the receiver to receive the encoded message over the
dedicated message frequency; and
means for integrating the multiple transmissions of portions of the encoded |
message and the multiple transmission of the encoded message at the receiver.

. 5. The system of claim 4, wherein the means for synchronizing performs coarse




switching the frequency of a local oscillator in the transm tﬂm"”"ﬁmn”ﬂ
assi gned frequency to the dedicated frequency for predetermn

and transmtting the encoded nessage over the d
frequency during one or nore .of the predeterm ned intervals.

edi cat'ed™

1

- 24- 11. The method of claim9, wherein the second |link margin is

further provided by transmtting the erd®dded nessage at a seco

| evel higher than a first power |evel associated with the firs
mar gi n. 12. The met hod of claim 11, further conprisin
of : synchroni zing the receiver to receive the e

nd power

t link

g the steps
ncoded

user - i nt er psyatlxbhieationaf dgecceiver basddondatiation Brketeived dighalstrength, an%performs fine

integrating the nultiple trapsnissjons_of portions of the enco

ed nessage

and the nul PREEES Iec5HyerRased rn thogrnakiatasedes peniainggin sechipertioneof dhoy er .

encoded message.

6.  The system of claim 5, wherein the coarse synchronization is performed by

determining a power profile of the received signal.

7. The system of claim 2, wherein the transrmtter is a satellite and the receiver is a

mobile radiocommunication unit.

8.  The system of claim 2, wherein the transmitter is a mobile switching center and

the receiver is a mobile radiocommunication unit.

9. A method for transmitting a message between a trapsmitter and a receiver which
exchange communication signals over a frequency assigned to the receiver at a first link margin,

comprisiug the steps of:
inputting the message to the transmitter;
encoding the message; and . |

transmitting the encoded message from the transmitter to the receiver over a
dedicated frequency not specifically assigned to the receiver at a second link margin higher than
* the first link margin, the dedicated frequency being different from the assigned frequency, and -

the second link margin being provided by bit repetition of the encoded message.

10.  The method of claim 9, wherein the step of transmitting is performed by the steps

of:

switching the frequency of a-local oscillator in the transmitter from the assigned

frequency to the _dedicéted frequency for j:red_etenrﬁned intervals; and

transmitting the encoded message over the dedicated frequency during one or

more of the predetermined intervals.
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ot formed by the steps of o Soarsely synenr on N NWAITNIR LI

recei ver based on variations in received signal strength; and

finely synchronizing the receiver based on orthogonal datacodes contai ned
I n each portion of the encoded user-intérpretable nessage. 14.
The met hod of claim 13, wherein the step of coarsely synchronizing is
performed by determining a power profile of the received signal

15. The method of claim 10, wherein the transmtter is a satellite and the
receiver is a nobile radi oconmuni cation unit 16. The net hod of
clai m 10, wher€lln t e methodiof tlaiar 9,ivhermimthé sdcendslink mirpings fusthérgrovided tyhe

receiver | éan%m%gg' %.eﬁa%%'eci’ %&%n& g géch?d #o%&‘ level higher than a first power level

associated with the first link margin.
12.  The method of claim 11, frther comprising the steps of:
. synchronizing the receiver to receive the encoded user-interpretable message over
thie dedicated frequency; ) |
| integrating the multiple transmissions of portions of the encoded message and the
multiple transmission of the encoded data message at the receiver.

13.  The method of claim 12, wherein the step of synchronizing is performed-by the
steps of:
‘ coarsely synchronizing the receiver based on variations in received signal
strength; and . ' _
finely synchronizing the receiver based on orthogonal datacodes contained in each
portion of the encoded user-interpretable messagﬁ. |

14.  The method of claim 13, wherein the step of coarsely synchronizing is performed
by determining a power profile of the received signal.

15.  The method of claim 10, wherein the transmitter is a satellite and the receiveris a
mobile radiocommunication unit.

16.  The method of claim 10, wherein the transmitter is a mobile switching center and

the receiver is a mobile radiocommunication unit.
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(57) Abstract

A TDMA communication system and method for transmitting short data messages in thc TDMA communication system. According
to exemplary embodiments, a dedicated frequency is sequentially switched into each of a plurality of satellite beams or traffic channels to
transmit data messages at an increased power level to provide an increased signal margin. Coding and bit and message repetition can also
be employed to further increase the signal margin.




