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(57) Abréegée/Abstract:

This Invention Is concerned with a method and apparatus for statistically multiplexing based on orthogonal code hopping
multiplexing according to orthogonal code hopping patterns In wired/wireless communication systems In which a plurality of
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(57) Abrege(suite)/Abstract(continued):

synchronized communication channels coexist through one media. The system comparing a primary communication station and a
plurality of second communications Includes an orthogonal code hopping pattern generator, a spreader for selecting a
corresponding orthogonal codeword in the orthogonal code and data symbols, a comparator & controller for monitoring whether
the orthogonal codewords collide and determining whether all the transmitting data symbols to the secondary communication
stations are the same In the collision Interval, a transmission controller for perforation (transmission 'OFF'") in case that all the
corresponding data symbols with the same orthogonal codeword for spreading are not the same, and a transmission power
controller for compensating for the loss of average reception energy due to perforation.
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ABSTRACT

This 1nvention is ceoncerned with a method and
apparatus for statistically multiplexing based on orthogonal
code hopping multiplexing according to orthogonal code
hopping patternsa in wired/wireless communication systems in
which a plurality of synchronized communication channels

coexlst through one media,

The gystem comparing a primary communication
station and a plurality of seceond communicationsa includes an
orthogonal code hopping pattern generator, a spreader for
selecting a caorresponding orthogonal codeword in the
orthogonal code and data symbols, a comparator & controllerx
for monitoring whether the orthogonal codewords collide and
determining whether all the transmitting data symbola to the
gecondary communication stations are the same in the
collision interval, a transmission contreller for
perforation (transmigsion ‘OFF’) in case that all the
corrasponding data symbols with the same orthogonal codeword
tfor apreading are not the same, and a transmission power
contreller for compensating for the loss of average

reception enexgy due to perxforation.

FIG. 10a
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METHOD AND APPARATUS FOR ORTHOGONAL CODE HOPPING
MULTIPLEXING COMMUNICATIONS

TECHNICAL FIELD

The present invention relates to an apparatus and
5 a method for statistically multiplexing channels by using

orthogonal code hopping multiplexing in wired/wireless
communication systeme where a plurality of channels
synchronized through a single medium and low data channel
activity coexist. Morxe particularly, the present invention

10 relateg to an apparatug and a method in which, in a gystem
conaisting of a primary communication station and a
plurality of secondary communication stations syncnronized
with the primary communication station, the primary
comminication station ldentifies a channel toward each

15 secondary communication station with an orthogonal code
hopping pattern, the orthogonal code hopping'pattern of a
secondary communication station is determined at random, and
orthogonal codewords (or code aymbols) in the hopping
patterns of different channels may coincide at an instance

20 (hereinaftexy, the above coincidence of the orthogonal
codewords is called “hopping pattern ceollision”). The
system checke the discordance of transmitting daca symbols
for all channels related to the hopping patterxn ¢ollision
from the primary communicatbion station and makes a

25 corresgponding data aymbol intexval ‘OFF’ if any channel
intends to transmit a data symbol not coincident with other
channels. Transmission power of all related channels after
transmission \OFF' of the data symbeol can be increased by an
amount specified in a communication protocel during a

30 specified interval in order to supplement the average bit

energy of lest data symbol in all relevant channels,
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BACKGROUND ART

Descriptions in this application are based on
wireless communication systems, however the statistical
multiplexing suggested in the application may be applied to
wired communication systems as well as the wireless

communicabtion systemse without any change.

In ordexr to peoint cut clearly which parts or
concepts are developed or improved in the present invention
in comparison with the prior art, the prior art is described
on basis of a spread spectrum communication syétem of 1I8-95,

which has already been in aservice,

The primary communication station and the second
communication stations in this application are corresponding
tc a base station and mobkile stations in a conventional
system. One primary communication station communicates with
a plurality of secondary communication stations and the
present invention suggests a statistical multiplexing
scheme, which may be applied to a synchronized orthogonal
channel group from the primary communication station toward
the secondary communication stations. For systems which
maintain the orthoegonality only for each channel group, such
as Quasi-Orthogonal Code (QOC) for cdmaz0l 0” and Multi-
Scrambling Code (MSC) for W-CDMA, which are two candidate
techniques for the next generation mebile communication
system “IMT-2000 {(International Mobile Telecommunications-
2000)”, the present inventicn may be independently
implementaed fox each channel group. Moreover, when
classifying chamnels of the primary communication station
such as sectored or smart antenna systems into channel
groups having the same transmitter antenna beam, the preasent
invention may be independently implemented in each channel

group .
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In the communication systems based on OCDM

(Orthogonal Code Division Multiplexing) such as IS-85
gyatem, the primary communication station allocates
orthogonal codewords (or codewords), which have not been

5 allocated among the orthogonal code'(or pett of orthogonal
codewords) when establisghing physical communicatcion
channels, to one of the secondary communication stations and
the secondary communication station returns the allocated
orthogonal codeword(s) to the primary communication station

10 when releasing the physical channel such that other
secondary communication stations may use the orthogonal

codewords.

In the description ¢f the prior art, the same

reference numbeyY 18 used for a component having the same

15 function as that of the present invention.

FIG. 1 shows a system according to both the priox
art and the present invention. As shown in the figure, each
communication c¢hannel 121, 122, 123 from the primary
communication station 101 to the secondary communication

20 stations 111, 112, 113 is synchronized with maintaining
crthogonality.

FIG. 2a showas a configurarion of a transmitter of
the primary communication station, which corresponds to a
common element of the pxrior art and embodiments of the
<5 present invention. FIG. 2b shows a configuration of the
Cransmitter of the primary communication station for a

traffic channel of the prior art.

A pilot channel 200 is used as a reference signal
for initial acquisition, tracking and ccherent detection in
30 the secondary communication station of FIG. 1. The pilot

channel 200 is commonly uszed in all secondary communication
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stations within a cell area covered by the primary
communication station. The pilot channel 200 provides &
phase reference for coherent detection by transmitting
aymbols having a known phase without passing through channel

coding and channel interleaving, as shown in FIG. 2a.

A gynchronization channel 210 is a broadcast
channel which is uni-directionally transmitted to all
gecondary communication stations in a cell area covered by
the primary communication station, like the pilot
channel 200. The primary communication station transmits
information (e.qg. timing information, an identifiexr of the
primary communication statiomn, etc.), which the secondaxry
communication stations commonly require, to the second

synchronization channel 210 through the synchronization

channel 210. The data from the synchronization channel 210
pass through a convolutional enceoder 214, a repeater 218 for
adjusting symbol rates, a block interleaver 218 for
correcting burst errors, a repeater 219 for matching
transmission data symbel rates, and a spreading and
madulation unit, shown in FIG. 3 and described below.

A paging channel 220 iz a common channel used for
paging the corresponding secondary communication station in
case of an incoming message or for responding to a request
from a secondary communication station., Several paging
channels 220 can exist. The data transmitted by the paging
channal pags through a convolutional encoder 224, a symbol
repeater 226 and a block interleaver 228, and are symbol-
level mscrambled by an exclusive OR gate 236 with a decimated

output of a long code generator 232 generated by a long code
mask 230. The data through the exclusive OR gate 236 is
then passed to the ppreading and modulation unit of FIG. 3.
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A traffic channel 240 in FIG. 2b is a channel
dedicatedly allocated to each secondary communication
station for use until a call ia completed. When there are
data te be transmitted to each secondary communication

station, the primary communication station transmits the

data through the traffic chammel 240. The data from the
traffic channel 240 pass through a cyclic redundancy check
{CRC) 241 for detecting an eryor in a gpecific time unit, or
frame, (e.g. 20 ms in IS5-95). For ensuring the channel is
encoded independently in a frame unit, tail bits 242 are
inserted inteo the traffie channel, all of which arxe “0¥, and
the data through the CRC 241 pass through a convoluticnal
enicoder 244. The data then pass through a symbol repeater
246 for matching transmisaion data symbol rate according to
a transmission data rate. After passing through the symbol
repeater 246, the data pass through a block interleaver 248
for changing burst errors inte randem errcrs. The data
passing through the block interleaver 248 are symbol-level
socrambled in a scrambler 256 using a decimated pseudo-noise
(PN) sequence, which are generated by decimating an output
of a long code generatox 232 using a long code mask 250
generactea by an electronic serial number (ESN) allocated to
each secondary communication gtation. A PCB (power control
bit) position extractor 258 extracts a position where a
command for contralling transmission power from the
secondary communication station is inserted based on the
decimated PN sequence from the decimator 234. A puncturing
and insertion block 2680 punctures a data symbol
corresponding to the insertion position of the power control
command determined by the PCE position extractor 258 among
the data symbols acrambled in the scrambler 256 and inserts
the power control command, then transmits the power control

command to the gpreading and meodulation unit in FIG. 3.
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FIGs. 3a, 3b and 3c show an embodiment of a

Spreading and modWlation unit according to the prior art.

FIG. 3a corresponds to the dara modulation of a
conventicnal IS-35 system employing BPSK (Binary Phase Shift
Keying). FIG. 3b showse the spreading and modulation unit
employing QPSK (Quadrature Phage Shift Keying) as a data

modulation.

FIG. 3b is adopted for the cdma2000® system, which
is one of candidate techniques for the IMT-2000. FIG. 3c
shows a spreading and modulation unit, which employs QOC
(Quasi-Orthogonal Code) used in cdma2000®. In FIG. 3,
signal converters 310, 326, 330, 346, 364 convert logical
values “0” and “1* into physical wvalues “+1” and “-1" to be
really transmitted. The signal from each channel of FIG. 2
pasges through the signal converters and is then spread in
spreaders 312, 332 by an output of a Walsh code generator
d62. Transmission power of each channel is adjusted in
amplifiers 314, 334. All channel signals of the primary
communtication station are gpread in spreadexs 312, 332 by an
orthogonal Walsh function of the Walsh code generator 362
allocated to each channel fixedly. The channel signals are
then amplified in the amplifiers 314, 334 and then pass
through QPSK spreading and modulation units 218, 338. The
spread and data-modulated signals filtered by low-pass
filters (LPF) 320, 340 are multiplied by a carrier in
multipliers 322, 342. The signal multiplied by the carrier
pasgses through a RF (radio frequency) unit and is then

transmitted through an antenna, not shown in the figure.

FIG. 3b is identical to FIG. 3a except the fact
that, in order to tranamit the gignal generated in FIG. 2 to
QPEK insrtead of BPSK, different informacion data are carriesd

in an in-phase channel and a quadrature phase channel

)
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through a demultiplexer 380. Using the demultiplexer 330

and the signal converters 310, 330 enables QAM (Quadrature

Aamplitude Modulation) as well as QPSK.

FIG. 3c shows the case that a QOC mask is usged for
distinguishing channels from the primary communication
gtation to the secondary communication stations.
Orthogonality is not maintained in a codeword group using
different QOC masks but is maintained in a codeword group

using the same QOC mask. Therxefore, the pregent invention
ig applied to the orthogonal ceodeword group using the same

ROC mask, which may maintain the orthogonality.

FIGs. 4a, 4b and 4c show signals used in the code
division multiplexing, which spreads the signal generated in
FIG. 2 and FIG. 3 into the orthogonal codeword fixedly

allocared to esach channel, accerding to the prior art. A

pilot channel 410 is apread by a fixedly allocated
orthogonal Walsh codeword WHO in a spreader 412. Other
channels are also spread by orthogonal Walsh codewords WH1,
WH2, ... WH22, WH#30, ... WHE3 fixedly allocated regardless of
activitieg of the corregponding chanmnels. If an orthogonal
codeword is fixedly allocated to a channel such as channels
440, 450, 460 having relatively low transmission data
activity, utilization of the orthogonal code, which ias a

limited source, is much less than 100%.

FIG. 4b showas how a despreading data symbel is
spread by the orthogonal code. In reference numbers 471
toc 477, white areas mean “logically, 0 [physically, +1]1" and
black areas mean "logically, 1 ([(phycially, -1]1", for the

Walsh code as an example of the orthogonal code.

FIG. 4c¢ shows that different orthogonal codewords

are dedlcatedly allocated to channels in QOCDM,
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FIG. 5 briefly shows a confliguration of a receiver
©f the pecondary communication station. As shown in the
figure, the signal received through the antenna pazsses
through multipliers 510, 530 for multiplying the signal with
a carrier, low pass filters (LPFs) 512, B32 for generating a
baseband signal, and short code generators 520, 540 which
are synchronized with sequenceas uzed in the transmitter.

The baseband signal then passes through multipliers 514, 534
for multiplying the signal by the generated ghort code
sequences and then despreaders 516, 536 for accumulating the
signals during a transmission data symbol interval. A

chammel estimator 550 estimates a propagation channel by

extracting only pilot channel components from the baseband
gignal with the orthogonal codeword allocated to the pilet
channel. A phase recovery 560 compensates for phase
distortion cf the baseband signal by using an estimated

phage distortion value.

FIG. & shows a configuration of a receiver for
channels, such as paging channels, in which a control
command for controlling transmission power from the
secondary communication station to the primary communication
gtation i1s not inserted. Referring to the figure, maximal
ratio combiners 610, é6l2 combine Bignalsopassing through the
phase compensaticn, with a maximal ratio. If the
tranamitter performs QPSK data modulation as shown in
FIG. 3b, the receiver performs descrambling after
multiplexing the signal in a multiplexer £€1l4. The
degscrambling is done by multiplying the signal through soft
decigion by the decimated output 624 of a long code
generator 622 generated by a long code mask 620. In the
present invention, the configuration of a receiver in the
secondary communication starion for the orthogonal code

hopping multiplexing is similar te the configuration in

8
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FIG. 6. For the synchronization channel, the descrambling

.processes 620, 622, 624, 626, 618 using the long code may be

skipped.

FIG. 7 shows a receiver structure of channels such
ag traffic ¢hannels that carry a command for controlling
transmission power of channels from secondary communication
stations to primary communication station. As shown in the
figure, the signal with the compensated phase in FIG. 5
pasges through maximal ratio combiners 710, 712. In case
that a receiver performs QPSK data demodulation as shown in
FIG. 5, a multiplexer 714 multiplexes an in-phase component
and a gquadrature phase component in the gignal. An
extractor 740 extracts a signal component corresponding to
the power contreol command transmitted from the primary
communriication gtation among the received signals. The
gaignal from the extractoxr 740 then passes through a hard
decision unit 744 and is then transmitted to a tranamission
power controller of the secondary communication station.
Data symbols except the power control command in the
recaived signal from the multiplexer 714 pass through a soft
decision unit 742. A decimator 724 decimates an output of a
long code generator 722 generated by a long code mask 720,
which are generated by a&n identifier of the secondary
communication station. A multiplier 718 descrambles the
data symbols from the soft decipion unit 742 using the

output of the decimator 724.

FIG. 8 showse a function ¢of recovering the received
aignal through the signal processes of FIG. 6 and FIG. 7
from the primary communication station, through bilock
deinterleavers B1l8, 828, 838 and convolutional decoders 814,
g24, 834. In a ayﬁchroqization channel 810, in order to
lower symbol rate, a sampler 819 performs symbol compressiocn

for the signals through the soft decision unit by
S
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accumulating the g8ignals, which is an inverse process to the
symbol repeater 219. The signal through the sampler 818
pasges through a block deinterleaver 818. Then, a samplex
8le perforxms gymbol compregsion again for the gignal, which
ig an inversge process toe the symbol repeater 216, hefore the
gaignal pasges to a conveolutional decoder 814, The signal
enduring the symbol compression then passes through the
convelutional decoder 814, then the synchronization channel

transmitted from the primary communication station is

recovered.,

In case of a2 paging channel 820, the signal
enduring the soft decision passes through a block
deinterleaver 828 for channel deinterleaving. The signal
enduring the channel deinterleaving passes through a sampler
826 for aymbecl compression according to the transmission
data wrate, whiech ia an inverse process of the symbol
repaater 226. The signal enduring the symbol compression
passes through a convolutional decoder 824 such as Viterbi
decoder for channel deccding, then the paging channel data

tranamitted from the primary communication station is

recaoversad.

In case of a traffic channel 830, the signal
enduring scft decision passes through a block deinterleaver
838 for performing channel deinterleaving reéardless of
transmission data rates. The signal enduring channel
deinterieaving pasges through a zsampler 836 for periforming
symbol compression according to the transmission data rate,
which is an inverse process to the symbol repeater 246. A
convolutional decoder 834 performs channel decoeding for the
signal enduring the symbol compression. A tail bit remover
832 removes tail bits of the signal used for trangmitting

independent data block in a frame unit. A CRC B3l generates

CRC (Cyclic Redundancy Check) bits for the transmitting data
10
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portion and detects errors by comparison with recovered CRC
hits after channel deceoding. If the CRC bits match with the
received data, the CRC 831 determines that there is no error
and then the traffic channel data are received without
error. If the transmitter does not include information
about the transmission data rate in 20ms frame unit, the
transmigsion data rate of the primary communication station
may be estimated by c¢hannel-decoding the signals enduring
the independent channel deinterleaving and comparing the CRC
bits for all candidate data rates. A system, which
transmite a transmission data rate independently, just
further regquirea a channel decoding procesa corregponding to

the data rate.

In case of spreading the encoded data symbol by
fixedly using the orthogonal code allocated when
egtablighing a call as shown in FIG., 3 in order to maintain
orthogonality keaetween chamnmels from the primary
communication stacion to the secondary communication
atations as shown in FIG, 1, the orthogonal codewords,
limited resource, may not be efficiently used for
transmitting data having relatively low activity such as
data indicated by reference numbers 440, 450 and 460 in
FIG. 4a. In ordey to increase utilization of the orthogonal
codewords based on fixed allocation, fast and frequent
channel allocation and de-allocation are required. However,
1f the control signal information for channel allocation and
de-allocation is exchanged more frequently, a more
significant amount of limited radio resourcesa should be used

for the control information of data transmisasion, not for

data transmission itself. Morxeover, evan if the channel
allocation and de-allocation are regquired to be proceszed
quickly, there should be a buffering process upon reception

of the acknowledgement message after a channel allocation

11
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(or de-allocation) message is transmitted. As the time
required for such procegses becomes longer, & larger bhuffer

gize is required. Information, which regquires checking

whether the information is transmitted successfully, should:

be buffered for possible retransmission until the reception

of the acknowledgement. However, in case of datagrams that
do noet require receiving the acknowledgement, delay should

be minimized in an allowable range in order to decreage the

regquired buffer size.

Therefore, while the prior art is to allocate the

orthogonal codewords in a fixed manner so as to have a one-
to-one correspondence between orxthogonal codewords and
channels, the present invention, with a little meodification
of the prioy art, performs statistical multiplexing for
traffic channels having low activities in consideration of
activity of the transmitting data in order to increase the
utilization of the orthogonal codewords, which are a limited
resource, and reduces unnecessary channel allocation and de-

allocation procedqures in orxdexr to reduce the buffer aize and

the data transmission delay.

DISCLOSURE OF INVENTION

The present invention is designed to overcome the
above problems of the prior art. The cbjectives of the
invention are (1) to decreass waste of resources caused by
transmission of unnecegsarily many control signals, (2) to
reduce the required buffer size in a primary communication
station, (3) to reduce data transmission delay by means of a
statistical multiplexing method, namely orthogonal code
hopping multiplexing, when synchronized channels maintaining
orthogonality have low activities, and (4) to reduce

unnecesgsary channel allocation and de-allocation procedures

12
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through spreading or despreading according to a given

hopping pattern of each transmitter and receilver pailr.

P

Accordingly, 1n one aspect of the 1nvention, there

1s provided a method for orthogonal code hopping

5 multiplexing communications in spread spectrum communication

systems, the method comprising the step of: performing

A

statistical multiplexing for communication channels from a

primary communication station to secondary communication

stations by using orthogonal code hopping multiplexing and

10 controliling the transmission of spread data symbols from the

1}

primary communication station based on the result o:

collision comparison done within the primary communication

station.

In another aspect, the present i1nvention provides

15 a method ftor orthogonal code hopping multiplexing

communications 1n spread spectrum communication systems,

which perform statistical multiplexing for communication

channels with relatively low activity from a primary
communlication station to secondary communication stations by

20 orthogonal code hopping multiplexing communications.

The synchronized channels from the primary

communicaticon station to a plurality of the secondary

communication stations can be distinguished by using

orthogonaliity.

25 The method may include a further step of

distinguishing the channels from the primary communication

station to the secondary communication stations by using

orthogonal code hoppling patterns.

The orthogonal code may be a Hadamard code, a

30 wvariable spreading factocr code, an orthogonal Gold code, or

so forth.
13
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The method may include a further step of

allocating the orthogonal code hopping patterns to the

secondary communication stations dedicatedly.

It 1s preferred that the orthogonal code hopping

pattern 1s allocated or predefined to the secondary

communilication stations

from the primary communication

.

station at the starting phase of communication, and the

secondary communication stations release the allocated

13a
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orthogonal code hopping pattern after the completion of

communicatcion.

The methed may include a furthexr step of
performing the orthogonal c¢ode hopping multiplexing for a
5 channel among the channels, which have low transmission data

activity.

The method may include a further step of
tranamitting a command for contreolling transmission power of
the secondary communication stations by using separate

10 common power cont¥ol channels from a primary communication

gtation.

The trangmission power control command of each
secondary communication station in the common power control
channel can be time-multiplexed and may employ a collision-

15 free hopping pattern for preventing ceollisions of the

hopping patterns.

The collision-free hopping pattern may in¢lude a
Eixed orthogonal codeword allocation like a conventional

orthogonal code divigion maltiplexing.

20 The orthogonal code hopping patterns for the
gtatigtical multiplexing may be generated at random or by

using a pseundo-noise sequence generator.

A plurality of the orthogonal cede hoepping
patterxns for the statistical multiplexing c¢an be allocable
25 to one of the secondary communication stations according to

the transmisgion data rate of the primary communication

atation.

Each of the orthogonal code hopping patterns may
hop independently in the orxrthogonal code hopping

30 multiplexing communications.
14
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The orthogeonal code hopping patterns may hop so as
to aveid collisiong in the orthogeonal code hopping
multiplexing communications and may be periodically repeated

in a frame unit.

The frame unit is an independent data unit based

cn channel encoding.

The primary cocmmunication station may detect a
hopping pattern collision caused by the independent
orthogonal code hopping patterns in advance in order to

perforate (not to transmit) a corresponding data symbol.

The method may include a further step of comparing
data symbols at the time of a hopping pattern collision
caused by the independent orthogonal code hopplng patterns
in ordexr to transmit (not to perforate) the data symbols in
case that all of the corresponding data symbols with the
game orthogonal codeword L£or spreading are the game even if
there occurs a hopping pattern collision caused by the

independent orthogonal code hopping pattexns.

The method may include & further step of comparing
data symbolg at the time of a hopping pattern collision
caused by the independent orthogonal code hepping patterns
in order to perforate (not to transmit) the data symbols in
case that all the corresponding data symbols with the same

orthegonal codeword for spreading are not the same.

The method may include a further step of
incraasing transmissjion powar of data symbols following the

perforated data symbol, which are not transmitted because of

disceordance of the data symbols with the same orthegonal

codeword for spreading at the time of the hopping pattern

collision,

15
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It 1s also preferred that the transmission power
is increased by an amount specified by a system parameter

during an interval specified by a system parameter,

The two system parameters may be a function of
poaition of the perforated (non-transmitted) data symbols,

and both parameter values are preferably at least zero.

Preferably, the above procedures for handling the
hopping pattern collisions can be taken only when therae 1s a
posgibility that transmitter antenna beams of the primary
communication station are superposed so as to cause serious
errora in a channel decoding procegs of the secondary

communication stations.

A pilot signal can be used for initial acguisition
and tracking of the channel and for conearent detection of

the data channels by compensating for phase distortion.

The pilot signal may employ a collision-free
hopping pattern for preventing a logs of compensation

capability for phase distortions due to collisions.

The collisgion-free hopping pattern may include a
fixed orthegonal codeword allocation as allocated in the

conventional orthogonal code division multiplexing.

In order te obtain the above objectives, the

presgent invention provides a transemitter in spread spectrum

communication systems including a primary communication
station and secondary communication stations, the
transmitter comprising a channel encoder; an orthogonal code
hopping pattern generator for generating an orthogonal c¢ode
hopping pattern; an orthecgonal code generater for generating

an orthogonal codeword according to the hopping pattern; and

16
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an orthogonal code collision detector for detecting

collisiong ©f the hopping patterns.

The transmitter may further include a transmission
controller for tranemitting or perforating the encoded data
symbels according to the output of an orthogonal code

hopping pattern collision detector.

The orthogonal code hopping pattern collision
detector may include a data symbol comparator for checking
whether all data symbols of the corregponding channels witch
the same crthogonal codeword for spreading are the same or
not at the time of a hopping pattern collision; and the
controller does not tranemit the encoded data symbols in

cage that the corresp?nding encoded data symbols are not the

game ag a result of the data symbol comparator.

|

In order to:accomplish the above objectives, the

present invention provides a receiver in spread spectrum

communication gystems |[including a primary communication
station and sacondaryJ:ommunication stations, the recelver

comprising a channel coder; an orthogonal code hopping

Nenerating an orthogonal code hopping

pattern generator for
patterns; and an orthogonal code generatory for generating

orthogenal codewords ahcording to the hopping pattexn.
|

In order to Ierform.the ahove objectives, the
present invention also| provides a method for spread spectrum
communications using orthogonal codes, the method comprising
the step of dividing tLe crthogonal codes into a first

orthogonal codeword group for orthogonal code division
multiplexing and a second orthogonal c¢odeword group for

statistical multiplexiTg owing to orthoegonal code hopping.

The method may include a further step of
performing the orthogo?al code division multiplexing by
L7
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fixedly allocating the orthogonal codewords in the first
orthogenal codeword group to channels having high data

activity.,

The method may include a further step of
5 performing crthogonal code hopping nmultiplexing for channels
having low channel activity according to the orthogonal code
hopping pattern by using only the orthogenal codewords in

the second orthogenal codeword group.

The orthogonal cocde may be an orthogonal varizble

10 spreading factecr code.

Preferably, the first orthogonal codeword group
consists of child codes generated from one parent code in a
hierarchical orthogonal code generating a tree structure
according to the variable spreading factors, while the
15 second orthogonal ceodeword group consists of the remaining

orthogonal codewords.

The first orthogonal codeword group used for the
code division multiplexing may be selected to have a

variable spreading gain according to the transmission data

20 rate,

The channel for the orthogonal code hopping
multiplexing may have a fixed data rate, and the method may
include a further step of selecting orthogonal codewords
having the same spreading factor in the second orthogonal

25 <codeword group.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages
Oof preferred embodiments of the present invention will be
more fully described in the following detailed description,

30 with reference to accompanying drawlngs. In the drawings:
18
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FIG. 1 shows a concept of a system having a
primary communication station and secondary communication

gtationse according toe both the prior art and the present

invention;

FIG. 2a shows a configuration of a transmitter in

the primary communication station, which isg a common

component of both the prior art and the present invention;

FIG. 2b shows a configuration of a transmitter for
traffic channelis in the primary comminication station

according to the prior arxrt;

FIG. 3a showe a configuration of a receiver in the
primary communication station unaing an OCDM (Orthogonal Code
Divigion Multiplexing) method in case of BPSK data

modulation according to the priocr arxt;

FIG. 3b shows a configuration of a receiver in the
primary communication station using an CCDM method in case

of QPSK data modulation according to the prior art;

FIG. 3¢ shows a configquration of a receiver in the
primary communication station using an OCDM method in case

of using QOC data according to the prior art;

FIG. 4a shows a transmitting asignal of the primary

communication station according to the prior art;

FIGE. 4b shows an orthogonal code for

digstinguishing channels according to the prior art;

FIG. 4c shows the OCDM according to the prior art;

FIG., 5 shows a configuratiecn of a receiver in the
secondary communication station in the OCDM method according

to the prioxy art;
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FIG. 6 shows a configuration of c¢common components
of the receiver in the secondary communication station

according to both the prior art and the present invention;

FIG. 7 shows a configuration of the receiver in

the secondary communication station in FIG. 4b;

FIG. 8 shows a configuration of common components
of the receiver according to both the prior art and the

present invention;

FIG. 9 shows a confiquration for traffic channels
of a trangmitter in the primary communication station for
orthogonal code hopping multiplexing and a configuration of

a common power control channel for the traffic channels;

FIG. l0a shows a configuration of a transmitter in

the primary communication station using the orthogonal code

hopping multiplexing acecording to the present invention,

corregponding to FIG. 4a;

FIG., 10h shows a configuration of a transmitcer in
the primary communication station using the orthogonal code
hopping multiplexing according to the present invention,

corresponding to FIG. 4b;

FIG. 10c shows a configuration ¢f a transmitter in
the primary communication station using the orthogonal coda
hopping multiplexing according to the present invention,

corregponding to FIG., 4c;

FIG. 11 shows a configuration of an orthogonal
code hopping pattern generator according to the present

invention;

20
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FIG. 12 shows an example of an orthogonal variable

spreading factor code according to the present invention;

FIG. 13 shows a configuration of a receiver 1in the

secondary communlcation station in the orthogonal code

o Nno

F

pping multiplexing of FIG. 10b according to the present

.

invention;

FIG. 1l4a shows orthogonal code division

multiplexed signals for traffic channels toward the
secondary communication stations having relatively high

10 channel activity;

FIG. 14b shows orthogonal code hopping multiplexed

pr—ve
b

signals for traffic channels toward the secondary

communication stations having relatively low channel

activity;

15 FIG. 14c shows an example of the orthogonal

spreading code of the present i1nvention;

FIG. 14d shows an example of the OCDM of FIG. l4a

according to the present 1nvention;

FIG. 1l4de shows an example of the statistical

20 multiplexing based on the OCHM of FIG. 14b according to the

present invention;

FIG. 14f shows hopping pattern colllisions 1n case

o =
p—

of the OCHM of FIG. 14b according to the present 1nvention;

FFIG. 14g shows the perforation (or transmission

25 ‘OFF’) 1n the collision 1nterval of relevant channels when
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the hopping patterns collide and cransmitting data symbols

do net matceh as shown in FIG. 14f;

FPIG. 1l4h shows a acheme to 1ncrease the
transmisgion power of the primary communication station in a
certain interval after a perforated data symbel in order to
compensate average reception enerqy or signal-to-
interference ratio (SIR) required for a channel decoder for
patisfying the required communication gquality when thersa
occurs a perforation in the hopping pattern collision

intexrval in FIG. 14g; and

FIG. 15 shows that perforation caused by the
hopping pattern cellision and mismatch of the transmitting
data symbols is independently operated for each transmitter

antenna beam of the primary communication station.

BEST MODES FOR CARRYING OUT THE INVENTION

Hereainafter, preferred embodiments of the present

invention will be described in detail with reference to the

accompanying drawings.

In this application, identical reference numbers
are uged for components identical to the prior art and cnly
modified or added components in comparison with the prior

art are described for the present invention in detaill.

FIG. 9 is a medified configuration of the traffic
channel cof the prior art for performing orthogonal code
hopping mulciplexing for traffic channels having low channel

activity, and thia configuraticn is identical to the priox
art except that a transmission power control command for the

gaecondary communicatcion station is not inserted.
Communications are divided into bi-directional and uni-

directional communications, in which the uni-directional
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communication does not regquire the transmission pPoOwer

control command for the secondary communilication station.

However, 1n case of the bi-directiocnal
communication, the transmission power control command 18

requlred 1n order to maximize system capacity through

LB

effective power control. For fast processing, the power
control commands are not channel-coded 1n most cases.

Random (or pseudo-random) and independent orthogonal code

hopping patterns 1nevitably cause collilsions among other
channels. Therefore, 1t 1s required to transmit the power

control command to a channel in which a collision 1s not

generated. From this aspect, a concept of a common power

control channel adopted in c¢cdmaZ2000®, which 1s one of

candidate techniques for the IMT-2000, may be introduced.
The common power control channel 1s spread by a separate

orthogonal codeword such as those used 1n the pilot channel

and transmitted 1n the time divilision multiplexing (TDM)

scheme for a plurality of the secondary communication

stations. The position of power control command for each

secondary communication station 1s allocated during a call

setup procedure. FIG. 9 shows an embodiment of the common

power control channel for controlling 24 secondary

communication stations.

FIGs. 10a, 10b and 10c show embodiments when

orthogonal code hopping features ¢of the present invention

are applied to the prior art shown 1n FIGs. 3a, 3b and 3c.
For statistical multiplexing based on the orthogonal code
hopping multiplexing proposed 1in the present invention,

requlred are an orthogonal code hopping pattern

generator 380 and collision comparator & controller 384, 386

—

for suitable control by detecting collisions of the

orthogonal codewords generated by lndependent hopping

pattern generators. An example otf the orthogonal code
23
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hopping pattern generator 1s shown in FIG. 11, which has a

configuration for generating a hopping pattern using a

general PN sequence generator. Fig. 11 shows an embodiment

"-

of hopping pattern generator. That 1s, 1n a seguence

generator using a general LFSR (Linear Feedback Shift

Register), Fi1ig. 11 shows a method to extract the required

- o

number of bits according to the hopping range of orthogonal

-

codewords. For example, 1f the number of orthogonal

codewords (or orthogonal code symbols) 1s 32 (= 275), when 5
bits are required 1n the seqgquence generator, a hopping
pvattern can be generated based on the index with the 5 bits
in each clock. Thus, the orthogonal codewords (orx

orthogonal code symbols) indicated by the 1ndex may be used

for despreding the data sympbol 1n the receiver. An

orthogonal code generator 382 1s requlred for generating a

spreading orthogonal codeword according to the hopping

pattern generator 380. The orthogonal code generated in the

orthogcnal code generator 382 may be an orthogonal variable

spreading factor (OVSFEF) code having a hierarchical structure

which can be a Walsh code for a specific spreading factor as
shown i1in FIG. 12, or an orthogonal Gold code generated by an
orthogonal Gold code generator. Any orthogonal code

maintaining orthogonality 1s possilible.

When the output of an orthogonal code hopping
pattern generator 380 1s constant, the present invention
corresponds to the orthogonal code division multiplexing
(OCDM) 1dentical to the prior art. That 1s, the orthogonal

ﬁ

code division multiplexing of the prior art 1s a subset o:

1

the orthogonal code hopping multiplexing of the present

invention. Therefore, after dividing one orthogonal code

into two orthogonal codeword groups, one orthogonal code

group 1s used for an orthogonal code division multiplexing

(OCDM) based on the fixed allocation and the other
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orthogonal code group 1s used for an orthogonal code hopping

multiplexing (OCHM) according to given hopplng patterns.

Or else, one orthogonal codeword group ameng the

two divided orthogonal codeword groups performs the
orthogonal code hopping multiplexing based on a hopping

pattern selected dependently to prevent collisions of the

hopping patterns 1n a non-statistical multiplexing mode,

while the other orthogonal codeword group performs the
orthogonal code hopping multiplexing based on hopping
patterns selected independently 1n a statistical
multiplexing mode 1n case that colllsions between the

hopping patterns may happen.

In both cases, 1t 1s preferred that the former 1is
allocated to channels having a relatively high channel
activity and the latter 1s allocated to channels having a
relatively low channel activity. In case of using a

hierarchical orthogonal code supporting a variable spreading

factor as a spreading code as shown in FIG. 12, 1t 1s

preferred to divide the orthogonal code i1nto orthogonal
codeword groups 393, 397 consisting of all child codewords

having the same parent codeword 391, 395 such as “01” or

“0110” because 1t may support the variable spreading factor.

As briefly described above, 1f the orthogonal code hopplng

pattern generator dependently generates the orthogonal code

-
—

hopping patterns so as not to select different channels for

the same orthogonal codeword at the same instant, no

collisions generate.

However, such method has disadvantages that the

hopping pattern should be allocated by the primary

communication station during a call setup and that the

number of the hopping patterns allocated by the primary

P

communication station 1s limited by the size of the
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orthogonal ¢ode (i.e., the number of orthogonal codewords in
a orthogonal code). In this case, 2ince statistical
multiplexing according to the channel activity of each
channel is not possible, an independent and random (or

pseudo-random) hopping pattern is allocated to e=ach channel.
For this reasgon, orthogonal code patterns, which may select
the same orthogeonal codeword at the same instant, cauae
colligions inevitably. Therefore, the present invention
receives hopping pattern of each channel and data symbols to
be transmitted, and determines whether the hopping patterns
¢ollide using the ¢ollisgicon comparator & centroller 384, 384
for overcoming such problems. In addition, the present
invention compares whether the data symbols of all channels

enduring the ceolligions are all the same.

In cage that all data symbols match, the data
symbols in the collision interval are spread and
transmitted. It is because the data symbecls do not cause
any erroras in the channel decoding process. However, even
if there is one data aymbol not matched, all the data
symbola in the ceollision interval of the corresgponding
channels are not transmitted. That is, according to the
result of the comparator & controller 384, 386, the input of
the multipliers 385, 387 becomez “+1” or “0”. In the

interval that the input of the multiplier is “0¢,

transmission 18 ‘QFF'.

In order to compensate for the reduced average
reception energy or SIR in the secondary communication
station due to perforation of che data symbols, the gain of
amplifiers 315, 335 of the corresponding ¢hamnel is adjusted
by an amount specified by a syatem parameter during an
interval specified by a system parameter like the reference
numbers 1072, 1074 in FIG. 14h, then the transmission power

of the primary communication gtation is increased
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accordingly for the specified interval after the perforation
(transmiggion ‘*OFF’). Regardless of the above processg, the

tranamisasion power control for the primary communication

station is performed according to the method ¢f the prior

AXT.

FIGs. l4a to 14h show conceptse of transmitting
signals of the primary communication statlion according to
the present invention. FIG. 1l4a shows transmitting signals
in case of performing the code division multiplexing by
fixedly allocating the orthogonal codewords to charnnels with
relatively high activity. FIG. 1l4b shows transmitting
signals in case of performing the orthogonal code hopping
multiplexing by spreading with orthogonal codeword according
to hopping patterns Hi[nl], Hz:[nl], H:[nl, .., H«ln] for channels
with relatively low activity. The number of the hopping
patterns may be larger than that of orthogonal codewords in
an orthogonal code, Since the hopping patterns generated
independantly may cause colligiona, it is preferxed that the
orthogonal codewords are fixedly allocated as designated by
reference number 912 to a pilot c¢hannel 510 used as a phase
reference for ccherent demodulation and a channel not
enduring channel coding like the common power control
channel of FIG. 9, while the orthogonal code hopping

multiplexing is performed using remaining orthogonal

codewords.

It 1is also preferred to use the statistical
multiplexing based on the orthogonal code hopping
multiplexing during data interval and not to use the
orthogonal code hopping multiplexing during pilot interxrval,
not only when the pilet channel is orxthogonal code division
multiplexed but alaso when it is time divieion multiplexed
like the pilot signal, as applied in W-CDMA (Wideband Code

Division Multiple Access), another candidate technigue of
27
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the IMT-200 system. During the data interval, the
orthogonal codeword used during the pilot 1Interval may be

reused.

-.l—r—

If the transmitter antenna beams ¢f the primary

-

communication station are different according to the
location of the secondary communication stations, as shown

1n smart antenna beams, a pilot signal 1s separately managed

for each antenna beam. In addition, 1n a non-coherent
modulation/demodulation system, which does not use the pilot
signal and does not require the pilot signal, the orthogonal
code hopplng multiplexing can be performed using all

orthogonal codewords in the orthogonal code.

FIG. 1l4c shows an example of the orthogonal

codeword used for spreading the data symbol according to the

present 1nvention. As shown 1in the figure, 1t will be

—n

easily known that this embodiment has no difference from the

prior art in FIG. 4b for a symbol duration except that

different orthogonal c¢odewords may be used.

g

FIG. 14d shows a case of allocating a dedicated

orthogonal codeword to each channel having high channel

activity similar to the prior art.

FIG. l4e shows the orthogonal code hopplng

multiplexing according to the present invention, in which

the hopping pattern for each channel 1011, 1012, 1013, 1C14,
1015, 10le, 1017 does not collide in all symbol intervals
1021, 1022, 1023, 1024, 1025, 1026, 1027, 1028. However, 1in

case of performing the orthogonal code hopping multiplexing

y

as shown in FIG. 14f, 1t can be seen that the hopping
patterns collide i1n the symbol intervals 1041, 1043, 1046.

In the data symbol interval 1041, the hopping patterns

collide and the data symbols also coincide (as shown with
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double-line box). For symbol intervals 1043, 1046, all the

data symbols with the same orthogonal codeword for spreading

are not the same. 1In the case of a data symbol 1nterval
1006l 1n FIG. 14g, since the transmitting data symbols

5 coincide, the corresponding data symbols are spread and

transmitted. However, 1n the case of data symbol intervals

1063, 1066, since the transmitting data symbols are not the

pr——

same, transmission of all relevant channels is ‘OFF’ (or

perforated) .

10 Such a perforation 1s carried out for the channel
group exlsting within the same transmitter antenna beam from
the primary communication station. In case that a plurality

’—‘

of transmitter antenna beams 1120, 1130, 1140 from the

primary communication station such as a smart antenna exist,
15 transmission 1s not perforated for channels 1132, 1142, 1144

in non-overlapped transmitter antenna beams 1130, 1140, even

though the hopping patterns collide.

-

FIG. 14h shows the process of 1ncreasing

transmission power by a specified amount during a specified

20 time interval in order to maintain the average reception

signal energy or SIR in the secondary communication station

required for communication quality after a transmission

‘OFF’ 1interval due to a collision of the hoppling patterns

ar—r-

and discordance of the data symbols as briefly described

25 above, similar to FIG. 14g.

As described 1n embodiments of the present

invention, 1f the orthogonal code hopping multiplexing is

performed using independent hopping patterns, the
transmitting data may be lost in data symbol intervals where
30 the hopping patterns collide. Therefore, in order to

recover the data existing 1in the loss interval 1in the
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receiver, the transmitters and receivers require channel

encoding and channel decoding, respectively.

The orthogonal code hopping multiplexing of the
pregent invention for statigtical multiplexing may be used
in combination with other multiplexing methods such as time
division multiplexing, frequency divigion multiplexing,
space divisilon multiplexing such as smart antenna sysatem,

etc,

In addition, as an extension of the orthogonal
code division multiplexing system based on a multi-code
method, a plurality of channels may ba allocated to one
secondary communication station with use of a plurality of
hopping patterns, which may be used in implementing high
data rates. When the multiple hopping pattermng are
allocated, the hopping patterns of each channel may be

generated as deBcribed above.

As described above, the present invention employs
a statistical multiplexing method, namely the orthogonal
code hopping multiplexing, in case that synchronized
channels maintaining crthogonality have low channel
activities, which may enable limited resources to be
ntilized more efficlently and vield less complexity than the
prior art. In particular, the receiver requires no more
hardware componenta except an orthogonal code hopping
pattern generator. In addition, since the transmitter and

the receiver perform spreading and despreading,

respegtively, according teo the hopping patterns without any
procedure for frequent channel alleocation or de~allocation
for traffic channels with low activity fxrom the primary
communicatlion station to the secondary communication

stations, tne presgsent invention may reduce waste of

regources due to unnecessary control signal transmission and
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reduce buffer size required in the primary communication
staction and data transmission delay caused by scheduling of
the transmitting data from the primary communication

station.

Moreover, the pregent invention may distinguish a
nearly unlimited number of channels (if the hopping pattern

period is a frame unit, the number of different hopping

patCerns are approximately 64%%:-2keperzime _ g438% for 15-95
aystem) when random hopping patterns are adeopted, comparead
with the fixed alleocation of crthogonal codewords to the
corrasponding channels. PFurthermore, though there occur
colligiong among the hopping patterns due to the independent
selection of the hopping patterns, there is no need to
rerforate the colliding data symbols in case that there
exi1st the secondary communication stationa in the cell area
where transmitter antenna beamsg, =uch as those of sectored
antenna and smart antenna, are not ovexlapped. In addition,
the data symbols, which are perforated (not transmitted) due
to the hopping pattern collisions among channels within the
same transmitter antenna beam, may be recovered in the
channel decoding process of the secondary communication
station without independently informing the corregponding

secondary communication stations of the perforations.

The concept of the present invention may be
épplied to each carrier code group and each quasi-orthogonal
code group in systems using a multiple carrier transmission
method, a guagi-orthogonal code, etc. in order to realize

the statistical multiplexineg.,
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CLAIMS:

1. A method for orthogonal code hopping multiplexing

communications 1n spread spectrum communication systems, the

method comprising the step of:

performing statistical multiplexing for
communication channels from a primary communication station
to secondary communication stations by using orthogonal code
hopping multiplexing and controlling the transmission of
spread data symbols from the primary communication station

based on the result of collision comparison done within the

primary communication station.

2 . The method for orthogonal code hopping
multiplexing communications as claimed in claim 1, wherein
the channels from the primary communication station to a
plurality of the secondary communication stations are

synchronized and the channels are distinguished by using

orthogonality.

3. The method for orthogonal code hopping

multiplexing communications as claimed in claim 1, further

comprising the step of:

distinguishing the channels from the primary
communication station to the secondary communication

stations by using orthogonal code hopping patterns.

4 The method for orthogonal code hopping
multiplexing communications as claimed in one of claims 1
to 3, wherein orthogonal code of the orthogonal code '

multiplexing communications is a Hadamard code.

5. The method for orthogonal code hopping
nmultiplexing communications as claimed in one of claims 1

to 3, wherein orthogonal code of the orthogonal code
32 ' :
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multiplexing communications is an orthogonal wvariable

spreading factor (OVSF) code.

6 . The method for orthogonal code hopping
multiplexing communications as claimed in one of claims 1
5 to 3, wherein orthogonal code of the orthogonal code

multiplexing communications is an orthogonal Gold code.

7 . The method for orthogonal code hopping

multiplexing communications as claimed in claim 3, further

comprising the step of:

10 allocating the orthogonal code hopping patterns to

the secondary communication stations dedicatedly.

8 . The method for orthogonal code hopping
multiplexing communications as claimed in claim 3, wherein
- the orthogonal code hopping patterns are allocated to the
15 secondary communication stations from the primary
communication station at the starting phase of
communication, and each secondary communication station
releases the orthogonal code hopping pattern after the

completion of communication.

20 9. The method for Orthogonal code hopping
multiplexing communications as claimed in claim 3, further

comprising the step of:

performing the orthogonal code hopping
multiplexing for channels with low channel activity among

25 the channels.

10. The method for orthogonal code hopping
multiplexing communications as claimed in claim 3, further

comprising the step of:
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transmitting commands for controlling transmission
power of the secondary communication stations by using
separate common power control channels from the primary

communication station.

11. The method for orthogonal code hopping
multiplexing communications as claimed in claim 10, wherein
the commands for controlling transmission power of the
secondary communication stations 1n the common power control
channels are time-multiplexed and a collision-free hopping
pattern 1s adopted for preventing collisions of the hopping

patterns.

12. The method for orthogonal code hopping
multiplexing communications as claimed in claim 11, wherein
the collision-free hopping pattern includes an allocation of

orthogonal codewords as fixedly allocated in orthogonal code

division multiplexing.

13. The method for orthogonal code hopping
multiplexing communications as claimed in claim 3, wherein
the orthogonal code hopping patterns for statistical

multiplexing are generated independently.

14 . The method for orthogonal code hopping
multiplexing communications as claimed in claim 13, wherein
the orthogonal code hopping patterns are generated

independently from a pseudo-noise (PN) sequence generator.

15. The method for orthogonal code hopping

multiplexing communications as claimed in claim 3, wherein a

plurality of the orthogonal code hopping patterns for

statistical multiplexing are allocable to one of the

secondary communication stations according to a transmission

data rate of the primary communication station.
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16. The method for orthogonal code hopping
multiplexing communications as claimed in claim 15, wherein
each of the orthogonal code hopping patterns hops
independently in the orthogonal code hopping multiplexing

5 communications.

17. The method for orthogonal code hopping
multiplexing communications as claimed in claim 15, wherein
the orthogonal code hopping patterns may hop so as not to
generate collisions among hopping patterns in the orthogonal

10 code hopping multiplexing communications.

18. The method for orthogonal code hopping
multiplexing communications as claimed in claim 3, wherein
the orthogonal code hopping patterns are periodically

repeated 1n a frame unit.

15 19. | The method for orthogonal code hopping
multiplexing communications as claimed in claim 18, wherein

the frame unit is an independent data unit based on channel

encoding.

20. The method for orthogonal code hopping

20 multiplexing communications as claimed in claim 13, wherein
the primary communication station detects a hopping pattern
collision caused by the orthogonal code hopping patterns in

advance 1in order to perforate a corresponding data symbol.

21. The method for orthogonal code hopping

25 multiplexing communications as claimed in claim 13, further

comprising the step of:

comparing data symbols at the time of a hopping
pattern collision caused by the orthogonal code hopping

patterns in order to transmit the data symbols in case that
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all corresponding data symbols having identical orthogonal

codewords for spreading are the same.

22. The method for orthogonal code hopping

multiplexing communications as claimed in claim 13, further

comprising the step of:

comparing data symbols at the time of a hopping
pattern collision caused by the orthogonal code hopping
patterns in order to perforate the data symbols 1in case that
all corresponding data symbols having identical orthogonal

codewords for spreading are not the same.

23. The method for orthogonal code hoppiling

multiplexing communications as claimed in claim 22, further

comprising the step of:

increasing transmission power of data symbols
following a perforated data symbol, which i1s not transmitted
because of discordance of the data symbols at the time of

the hopping pattern collision.

24 . The method for orthogonal code hopping
multiplexing communications as claimed in claim 23, wherein
the transmission power 1is i1ncreased by an amount specified

by a first system parameter during an interval specified by

a second system parameter.

25 . The method for orthogonal code hopping
multiplexing communications as claimed in claim 24, wherein

the two system parameters are functions of position of the

perforated data symbol.

26 . The method for orthogonal code hopping

multiplexing communications as claimed in claim 25, wherein

the two system parameter values are at least zero.
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27 . The method for orthogonal code hopping
multiplexing communications as claimed in one of claims 20
to 26, wherein a perforation process for reducing the effect
of hopping pattern collision is done only when there is a

5 possibility that transmitter antenna beams of the primary
communication station are superposed SO as Lo cause serious
errors 1in a channel decoding process of any of the secondary

communication stations.

28. The method for orthogonal code hopping

10 multiplexing communications as claimed in claim 2, wherein a
pilot signal is used for initial acquisition of
synchronization and tracking of the channels and for
coherent detection of the channels by compensating for phase

distortion.

15 29. The method for orthogonal code hopping
multiplexing communications as claimed in claim 28, wherein
the pilot signal employs a collision-free hopping pattern
for preventing a loss of compensation capability for phase

distortion due to collisions.

20 30. The method for orthogonal code hopping
multiplexing communications as claimed in claim 29, wherein
the collision-free hopping pattern includes a fixed

orthogonal codeword as allocated in orthogonal code division

multiplexing.
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