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BASE STATION EQUIPMENT FOR MOBILE COMMUNICATION

receiving sections provided at every sector, base band
processing sections provided at every sector, and a sector
switch which selects the connection between the
transmitting-receiving sections and the base band
processing sections is conmstituted so that hand over
between scclors can be performed softly by selecting a
plurality of sectors based on the information on peripheral
sections obtaincd from a mobile station and connecting the
transmitting-receiving sections of the sectors to the base
band processing sections through the sector switch.
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ABSTRACT

In a base station apparatus in a mobile
communication comprising a transmitting/receiving
section for each sector, a baseband processing section
for each sector and a sector switch to select a connection
with the transmitting/receiving section and the baseband
processing section, when a handover is made, a soft
handover is executed by selecting a plurality of sectors
on the basis of information concerning peripheral sectors
obtained from a mobile station and connecting the
transmitting/receiving sections of the selected sectors
and the baseband processing section with the sector

switch.
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DESCRIPTION

BASE STATION APPARATUS IN MOBILE COMMUNICATION

Technical Field

The present invention relates to a base station
apparatus in a mobile communication in which
transmission and reception are executed by sector,
preferably to a base station apparatus in a mobile
communication to reduce the scale of the hardware of a

base station and improve the communication quality.

Background Art

As a mobile communication technique in a cellar
system, a sector transmission and reception method, in
which a base station has a plurality of base station
antennas composed of directive antennas and each of a
plurality of cells comprises a plurality of sectors where
a different frequency is used for each sector to
communicate, has been developed.

The sector transmission and reception method
allowstousethesamefrequencyrepeatedlyinnearercells,
which makes the efficiency of frequency reuse higher and
increases the number of users accommodated.

In the sector transmission and reception method
described above, when a mobile station in communication

moves froma cell to another cell, a handover between cells
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by a switching equipment is executed. And when a mobile
station cross a boundary between sectors, a handover
between sectors by controlling of a base station is
executed.

For instance, In Japanese Unexamined Patent
publication No.7-131845, a base station apparatus for
executing sector-transmitting-receiving is described.
The base station apparatus 1is to execute data
communicatimnonthebasisofCDMA(CodeDivisionMultiple
Access) mobile communication system. Illustrated in
FIG.6, the base station apparatus described above
comprises M numbers (M is an integer number indicating
the number of cells) of sector antenna 303, M numbers of
batch modulating/demodulating section 302-1 through
302-M to modulate and demodulate transmission and
reception signals by a plurality of communication
channels in the batch in a frequency determined for each
sector and N numbers (N is an integer number indicating
the numbers of communication channels) of baseband signal
processing section 301-1 though 301-N to process baseband
signals of each communication channel. In addition, in
FIG.6, CLK illustrates a clock signal to operate each
circuit.

As illustrated in FIG.7, each of baseband signal

processing section 301-1 through 301-N comprises

- transmission signal processing section 201 to generate

transmission signal Sn corresponding to a modulation




10

15

20

25

method from transmission data SDn, transmission signal
selecting circuit 202 to output this transmission data
Sn to the instructed sector, reception signal selecting
circuit 204 to select signal RAm(m=1~M) received by each
sector according to an instruction, reception signal
selecting processing section 203 to detect reception data
RDn corresponding to the communication channel from
selected reception signal Rn, monitor signal selecting
circuit 206 to select signal Am received at each sector
according to an instruction to output, reception quality
monitoring section 205 to monitor the reception guality
of the reception signal selected by monitor signal
selecting circuit 206, and control section 207 to instruct
monitor signal selecting circuit 206 to switch a sector
to be selected at a certain time intervals, and to instruct
transmission signal selecting circuit 202 and reception
signal selecting circuit 204 to select a sector having
the most appreciate reception quality on the basis of the
detection result by reception quality monitoring section
205.

In the base station transmitting and receiving
apparatus, transmission data SDn (n=1~N) of the number
n channel is input to transmission signal processing
section 201 at the number n of baseband signal processing
section 30l-n. Transmission signal processing section

201 generates transmission signal Sn corresponding to a

" “modulation method from this transmission data SDn. This
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transmission signal Sn is input into transmission signal
selecting circuit 202. Transmission signal selecting
circuit 202 outputs this transmission signal Sn
[Sn,m=8Sn(m=SEL1), Sn,m=0(m*SEL1)] to a sector instructed
by selecting signal SELl from control section 207. In
addition, Sn is a waveform indicated in digital signals.

Transmission signal Sn,m output from transmission
signal selecting section 202 of signal processing section
301-n is input to batch modulating/demodulating section
302-1 through 302-M. Batch modulating/demodulating
section 302-m add transmission signal from S1,m to SN,m
provided respectively from baseband signal processing
section from 301-1 to 301-N, converts them into analog
signals, then converts into transmission radio signals.
This transmission radio signals are transmitted from
antenna 303 at a sector. Signal RFm (m-1~M) indicates
transmission and reception radio signals of the number
m sector.

On the other hand, signals received by antenna 303
of each sector is input into batch
modulating/demodulating section 302-1 through 302-M.
Batch modulating/demodulating section 302-m converts
reception radio signals in a band corresponding to N
numbers of communication channels into baseband signals

collectively then converts them into digital signals to

. output. This baseband signal RAm is provided to all of

| baseband signal processing section 301-1 through 301-
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Reception signal selecting circuit 204 at basebanad
signal processing section 301-n selects reception signal
Rn [Rn=RAm (m=SEL1)] of the sector instructed by selecting
signal SEL1 at control section 207 from M numbers of
reception signals RAl through RAM to output into reception
signal processing section 203. Reception signal
processing section 203 detects reception data RDn
corresponding to the communication channel from the
selected reception signal Rn.

And, control section 207 switches selecting signal
SEL2 for monitor signal selecting circuit 206 at intervals
of predetermined duration time. Monitor signal
selecting circuit 206 receives it, selects reception
signal ROn [RQn=RAm (m=SEL2)] of the sector instructed
by selecting signal SEL2 from M numbers of reception
signals from RA1l to RAM to output into reception quality
monitoring section 205. Reception quality monitoring
section 205 monitors the reception quality of the selected
reception signal RQn (for instance, reception power,
interference wave power, examination error power, error
ratio and others) to transmit to control section 207 with
reception quality signal Qn. As described above,
control section 207 monitors the reception quality of each
sector by using reception quality monitoring section 205
and outputs selecting signal SEL1l to select the sector

having the best reception gquality into transmission
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signal selecting circuit 202 and reception signal
selecting circuit 204.

Accordingly, when a mobile station moves crossing
a sector, the most appropriate sector is selected
automatically within baseband signal processing section
301-1 through 301-N.

As described above, in a conventional base station
apparatus in a mobile communication, when a mobile station
moves crossing a sector, a handover controlled by the base
station, where the base station decides the most
appropriate sector on the basis of reception signals
received from a mobile station, is executed.

And, since a handover in a conventional base
station apparatus is controlled by the base station where
a basebnad processing section selects the sector having
the best reception guality on the basis of reception
quality signals from each sector, there has been a
problem that a scale of hardware becomes larger because
a comparing circuit is necessary to detect the reception
quality from each sector and select a sector on the basis
of the detected qualities.

And, since a handover is executed by a hard handover
in which a connection with a cannel is once terminated
to switch a channel for a new connection with another
channel, there has been a problem that generated short
break brings deterioration in reception quality.

And, since a transmission from a base station is




executed through one line, there has been a problem that a
soft handover, in which reception signals from a plurality
of sectors are composed for handover, can not be executed.

5 DISCLOSURE OF INVENTION

The pregsent invention provides a bage station
apparatus in a mobile communication gystem in which a
service area is divided into a plurality of cells each
10 composed of a plurality of sectors, said base station
apparatus including:
a plurality of transmitting/ receiving sections
each for converting a radio signal received at each zector
., into a reception baseband signal, and converting a
vous 15 transmission baseband signal of each sector intc a
transmigsion radio signal;
a plurality of baseband processing gections each
. for demodulating a reception signal from said reception
cess baseband signal, and modulating a transmission signal into
20  said transmission baseband signal;
sector switch means for switching a connection
between said transmitting /receiving sections and said
baseband processing sections;
selecting means for selecting a new sector for a
25 handover on the basis of information concerning peripheral
sectors transmitted from a mobile station; and

connection control means for controlling said
sector switch means to comnect the transmitting /receiving
section of said new sector for a handover with said

30 baseband processing section appropriate for said
transmitting/receiving section.

Preferably, saidconnection control means, while
maintaining a connection between said
transmitting/receiving gection of an old sector for a

35 handover and said baseband processing section when a soft

- handover between sectors is executed, controls to connect

I:\MCooper\Keep\Speci\43207 .97 . dow 22/07/99
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a handover with said baseband processing section.

Preferably, said base station apparatus further
includesg:

Means for composing, when a soft handover between
sectors is executed, each reception signal demodulated at
each of said baseband processing sections commected with
regpective transmitting/receiving sectiomns of the old
sector and the new sector; and

means for distributing the transmigsion signal
for said each baseband processing section connected with
respective transmitting/ receiving sections of the old
sector and the new sector.

In one embodiment, said connection control means
controls said sector switch to connect the transmitting/
receiving gections of the old sector and new sector with
the same baseband processing section at a reception time
while a soft handover between sectors is executed, and

said baseband processing section diversity
composes reception baseband gignals output from said
transmitting/receiving sections.

Preferably, said baseband processing section
demodulates a reception signal by composing signals
obtained by site diversity between sectors, space divergity
to select an antenna, and path diversity to select a
delayed wave,

Preferably, said baseband processing section
converts signals obtained by site diversity between
sectors, space diversity to select an antenna, and path
diversity to select a delayed wave, into a gignal capable
of being batch processed to process by composging.

Preferably, said base station apparatus includes
synchronizing means for acquiring a synchronization of said
each baseband processing sections from said reception
baseband signal provided into said each baseband processing
section, and batch controls a processing timing at said

_ each baseband processing section.

Hi\MCooper\Keep\Speci\43207 .97 .doc 22/07/99




Preferably, said transmitting /receiving gection
includes spreading means for spreading a transmission
signal using a spreading code.

Preferably, said transmitting/ receiving section

5 includes a transmitting circuit to convert said
transmission baseband signal into said transmission radio
signal and a receiving circuit to convert said received
radio signal into said reception baseband signal, and said
sector switch means includes a transmission sector switch

10 to input said transmission baseband signal output from said
baseband processing section into said transmitting circuit
of a sector corresponding to an instruction by said
connection control means, and a reception sector switch to
input said reception baseband is signal output from a

15  receiving e¢ircuit of said sector into said baseband
processing section corresponding to an instruction by said
connection control means.

Preferably, said selecting means is characterized
that the information concerning peripheral sectors includes

20 at least either one of reception power of a peripheral

e sector, interference power and error rate.
_j H Preferably, said connection control means is
3." characterized to select the baseband processing section

appropriate to connect the new sector for a handover,
25 taking into account traffic of a sector.

The invention also provides a soft handover

method between sectors in a base station apparatus in a

mobile communication, wherein said base station apparatus

includes a transmitting/receiving section for each sector,
30 a baseband processing section for each sector and a sector
switch to select a connection with =aid
transmitting/receiving section and said baseband processing
section,

said soft handover method between sectors

includes:

executing a soft handover between sectors by
.-"8electing a plurality of sectors on the basis of

I1: \MCooper\Keep\Speci\4d207 .97 ,doe 22/07/99
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information concerning peripheral sectors obtained from a
mobile station; and
connecting transmitting/receiving sections of a
plurality of sectors selected and corresponding baseband
5 processing section with the sector switch to ensure a
Plurality of channels with said mobile station.

Hi\MCoopeT\Keep\Speci\43207.97 dos 22/07/99
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Brief Description of Drawings

FIG.1 is a block diagram illustrating a base
station apparatus in the first embodiment of the present
invention;

FIG.2 1s a block diagram illustrating a base
station apparatus in the second embodiment of the present
invention;

FIG.3 is a block diagram illustrating a base
station apparatus in the third embodiment of the present
invention:

FIG.4 is a block diagram illustrating a base
station apparatus in the fourth embodiment of the present
invention;

FIG.5 is a block diagram illustrating a base
station apparatus in the fifth embodiment of the present
invention:

FIG.6 is a block diagram illustrating a
conventional base station apparatus in a mobile
communication; and

FIG.7 is a block diagram illustrating a baseband
Processing section at a conventional base station

apparatus in a mobile communication.

Best Mode for Carrying Out the Invention

The embodiment of the present dinvention is

;.concretely described with reference to drawings in the

fﬂfollowing.
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(First embodiment)

FIG.1 illustrates a base station apparatus in the
first embodiment of the present invention that is a base
station in a mobile communication in a CDMA system. The
base station apparatus in the first embodiment of the
present invention comprises base station
transmitting/receiving unit 3 to process orthogonal
modulation/demodulation and frequency conversion of
transmission signals and reception signals for each
sector, base station modulating/demodulating unit 5 to
spread and despread with a spreading code ,and to compose
and separate corresponding to transmission signals and
reception signals of each channel , sector switch 4 to
select a connection between base station
modulating/demodulating unit 5 and base station
transmitting/receiving unit 3 and contrcl section (not
shown) to control operations of each unit at the base
station apparatus.

The number of exXisting base station
transmitting/receiving unit 3 is the same as that of
sectors. The number of sectors are determined by service
contents, the number of users and others. Base station
transmitting/receiving unit 3 comprises a plurality of
antennas 1 and 2 (in this case, the number of antennas

is two, however the number of antennas is determined by

‘the apparatus scale and others), transmission RF circuit

112 to process orthogonal modulation and frequency
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conversion of transmission signals, transmission
amplifying circuit 13 to amplify transmission radio
signals, common circuit 22 to use antenna 2 in common of
transmission and reception, reception amplifying circuit
14 and 15 to amplify signals received by antenna 1 and
2,andreceptionRFcircuit16and:r7toprocessorthogonal
modulationandfrequencyconversionofreceptionsignals.

And, base station modulating/demodulating unit 5
comprises N numbers of baseband processing (BB) section
6 to spread and despread with a spreading code of each
channel and a plurality of soft handover interface
(SHO-IF) section 7 to compose and separate signals of each
channel.

BB section 6 comprises coding circuit 10 to code
transmission signals, spreading circuit 11 to spread the
transmission signals using a spreading code of a channel
assigned for transmission signals , despreading circuit
18 to detect correlation of reception signals using a
spreadingcodeofzichannelassignedforreceptionsignals,
synchronization/timing control circuit 19 to control the
timing of base station apparatus by detecting a
synchronization from reception signals, RAKE circuit 20
to compose each multi-pass propagated reception signals
and decoding circuit 21 to decode reception signals.

And SHO-IF section 7 comprises cell framer circuit

MtuB to frame and deframe ATM cells in which information is

i~communicated with switching equipment in mobile system
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and SHO composing/distributing circuit 9 to execute a soft
handover when a handover between sectors is made.

Thisbasestationapparatusoperatesinanordinary
time as follows. The ordinary time means when a soft
handover is not executed.

When a communication starts or a handover between
cells is executed, a base station control section assigns
the combination of BB section 6 and SHO-IF section 7 to
base station transmitting/receiving unit 3

Transmission data for a certain mobile station is
transmitted in ATM cells from the switching equipment and
provided into cell framer circuit 8 at base station
modulating/demodulating unit 5, where ATM cells are
deframed to extract information signals. The
information signals are passed though SHO
composing/distributing c¢ircuit 9, coded at coding circuit
10 at BB circuit 6 then framed. Information signals in

frames are spreading processed at spreading circuit 11

. using a spreading code of a mobile station to output into

sector switch 4.

Sector switch 4 selects a sector to transmit by a
control signal of the base station control section then
outputstransmissionsignalsintotransmissiquFcircuit
12 at base station transmitting/receiving unit 3 of the
Selected sector.

Spread signals for each user are multiplied at

¢ transmission RF circuit 12, processed D/A conversion,
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orthogonal modulation and frequency conversion,
amplified transmission amplifying circuit 13 then
transmitted for radio propagation paths from antenna 2.

On the other hand, multiplied signals transmitted
via radio multi propagation paths are received by antenna
1l and 2, and amplified at amplifying circuit 14 and 15
respectively for antenna 1 and antenna 2. Reception RF
signal circuit 16 and 17 execute frequency conversion,
autogaincontrolprocessing,demodulationprocessingand
A/D conversion (sampling rate=k/T, 1/T=chip rate,
k:positive integer number) of reception signals
respectively received by antenna 1 and 2 to output into
sector switch 4.

Sector switch 4 selects BB section 6 (the number
n of BB section) same as when transmitted by a control
signal of base station control section to output reception
signals.

Despreading circuit 18 at the number n of BB section
detects correlation of each reception signals of antenna
1 and 2 using a spreading code of a mobile station. And
synchronization/timing circuit 19 selects the timings of
some samples of delayed waves having high reception level
from each reception signals received by antenna 1 and 2.
RAKEcircuitZOdemodﬁlateseachofselecteddelayedwaves
Separately to Rake compose. Decoding circuit 21 decodes
using the composed data to obtain information signals.

Decoded information signals are passed through SHO
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composing/distributing circuit 9, framed in ATM cells at
cell framer circuit 8 then transmitted into the switching
equipment .

Next, operations in a soft handover are explained.

The number of sectors for a soft handover are
determined by required quality and apparatus scale. 1In
this case, it is explained that a soft handover is executed
between two sectors.

A base station control section decides a new sector
of the number m for a handover on the basis of information
concerning peripheral sectors and cells transmitted from
a mobile station (réception power, interference power,
error rate, etc.) and decides BB section 6 (the number
j of BB section) to connect the sector, taking into account
the traffic.

Sector switch 4 provides output signals of
reception RF circuit 16 and 17 of the sector in an initial
communication (referred as the first sector) by a control
signal from a base station control section and provides
output signals of reception RF circuit 16 and 17 of the
number m of sector decided to hand over into the number
J of BB section 6 which executes a soft handover.

Despreading circuit 18 of each BB section 6 detects
correlation of each reception signals of antenna 1 and

2 using a spreading code of a mobile station. And

o synchreonization/timing control circuit 19 selects the

"timings of some samples of delayed waves having high
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reception level from reception signals received by
antenna 1 and 2. RAKE composing circuit 20 demodulates
each of selected delayed waves separately to Rake compose.
Decoding circuit 21 decodes using the composed data to
obtain information signals.

Information signals decoded at the number n and
number j of BB sections 6 are input into SHO
composing/distributing circuit 9 of SHO-IF section 7
initially selected. A base station control section
instructs this SHO-IF section 7 the maximum ratio combine
the signal decoded for each sector on the basis of
reliability information (reception power, interference
power, error rate, etc.) transmitted fromamobile station.
The composed signals are framed into ATM cells at cell
framer circuit 8 to transmit into the switching equipment.

On the other hand, transmission data for a mobile
station is transmitted in ATM cells from the switching
equipment and cell framer circuit 8 deframes the cells
to extract information signals. SHO
distributing/composing circuit 9 distributes the
information signals to the number n and j of BB section
6 to output.

Coding circuit 10 of each BB circuit 6 codes the
information signals and frames them to output into
spreading circuit 11. Spreading circuit 11 spreading

processes the signals using a spreading code of a mobile

”f\station and outputs the processed signals into sector
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switch 4.

Sector switch 4 distributes the spreading signals
to first sector and the number m of sectors.

Transmission RF circuit 12 of base station
transmitting/receiving unit 3 at each sector multiplies
the spread signals then processes orthogonal modulation
and frequency conversion. The converted signals are
amplified at transmission amplifying circuit 13 then
transmitted for radio propagation paths from antenna 2.

According to the first embodiment, since an new
sector for a handover 1s decided on the basis of
information concerning peripheral sectors and cells
transmitted from a mobile station into a base station
apparatus (reception level, interference power, error
rate, etc.), it is not necessary for a base station to
compare reception level of amobile station at each sector,
which simplifies circuits.

And, BB section 6 is not fixed for a sector but
assigns for a sector decided corresponding to traffics.
According to the flexible constitution, it is possible
to further reduce the hardware scale of a base station
apparatus.

And in this base station, because a soft handover
is executed, a short break does not caouse in a soft
handover between sectors. At this time, since a plurality
of sectors transmit transmission signals, a soft handover

is possible in a mobile station, which improves
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communication quality.

And, all controls of a handover between sectors are
executed at a base station and it is enough to transmit
necessary information to to a switching equipment only
when a soft handover between cells is executed, is
transmitted from a base station.

(The second embodiment)

A base station apparatus in the second embodiment
exXecutes processing for a soft handover using one baseband
section.

FIG.2 illustrates a block diagram of a base station
in the second embodiment. In the base station apparatus,
each of N numbers of BB section 36 of base station
modulating/demodulating unit 35 comprises cell framer
circuit 37 to frame and deframe ATM cells in which
information is communicated with a switching equipment,
coding circuit 38 to code transmission signals, spreading
circuit 39 to spreading process transmission signals
using a spreading code of a mobile station., a plurality
of despreading circuit 46 and 47 to detect correlation
of reception signals using a spreading code of a mobile
station, synchronization/timing circuit 48 to control
the timing of base station apparatus by detecting a
synchronization from reception signals, a plurality of
RAKE circuit 49 and 50 to compose each of multi-pass

propagated reception signals, timing arranging/composing

“circuit 51 to maximum ratio combine outputs from each of
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RAKE circuit 49 and 50 and decoding circuit 52 to decode
reception signals on the basis of outputs from timing
arranging/composing circuit 51.

The configurations of base station
transmitting/receiving circuit 33 and sector switch 34
are the same as those of the first embodiment (FIG.1) with
base station control section comprised (not illustrated).

This base station apparatus operates in an ordinary
time (when a soft handover is not executed) as follows.

When a communication starts or a soft handover is
executed, a base station control section decides the
combination of BB section 36 and base station
transmitting/receiving unit 33 .

Transmission data for a certain mobile station is
transmitted in ATM cells from the switching equipment and
provided into cell framer circuit 37 at BB section 36,
where ATM signals are deframed to extract information
signals. The information signals are coded at coding
circuit 38, framed, spreading processed at spreading
circuit 39 using a spreading code of a mobile station then
output into sector switch 34.

Sector switch 34 selects a sector to transmit by
an instruction of the base station control section then
outputs transmission signals into transmission RF circuit
40 at base station transmitting/receiving unit 45 of the
selected sector.

Despread signals for each user are multiplied at
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transmission RF circuit 40, processed D/A conversion,
orthogonal modulation and frequency conversion,
amplified at transmission amplifying circuit 13 then
transmitted for radio propagation paths from antenna 32.

On the other hand, multiplied signals transmitted
via radio multi propagation paths are received by antenna
31 and 32, and amplified at amplifying circuit 42 and 45
respectively for antenna 31 and 32. Reception RF signal
circuit 44 and 45 execute frequency conversion, auto gain
control processing, demodulation processing and A/D
conversion of each reception signals received by antenna
31 and 32 te output into sector switch 34.

Sector switch 34 selects BB section 6 (the number
n of BB section) same as when transmitted to output
reception signals. .

Despreading circuit 46 and 47 at BB section 36
detect correlation of each reception signals of antenna
31 and 32 using a spreading code. And,
synchronization/timing control circuit 48 selects the
timings of some samples of delayed waves having high
reception level from each reception signals received by
antenna 31 and 32. RAKE circuit 49 and 50 demodulate each
of delayed waves selected from each reception signals
received by antenna 31 and 32 separately to RAKE compose.

Timing arranging/composing circuit 51 is excute

the maximum ratio combine each ocutput of RAKE circuit 48

“and 50. The composed signals are output into decoding
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circuit 52. Decoding circuit 52 decodes using the
composed data to obtain information signals.

Decoded information signals are framed in ATM cells
at cell framer circuit 37 then transmitted into the
switching equipment.

Next, operations in a soft handover are explained.
In this case, it 1s explained that a soft handover is
executed between two sectors.

A base station control section decides a sector to
hand over (referred as a new sector )on the basis of
information concerning peripheral sectors and cells
transmitted from a mobile station (reception power,
interference power, error rate, etc). Based on the
decision, sector switch 34 provides output signals of
reception RF circuit 44 and 45 of the sector in the initial
communication (referred as an old sector) and output
signals of reception RF circuit of the new sector into
the same BB section 6 of the number n.

Since synchronization/timing control circuit 48
at BB section 36 already acquired the synchronization with
the signals from the o0ld sector, it tries to acquire a
synchronization with signals from the new sector. When
the synchronization is acquired, despreading circuit 46
detects correlation of reception signals from the old
sector using a spreading code , and despreading circuit

47 detects correlation of reception signals from the new

‘sector using a spreading code.
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RAKE circuit 49 demodulates each of delayed waves
of a timing selected at synchronization/timing circuit
48 from outputs at despreading circuit 46 separately to
RAKE compose. And, RAKE circuit 50 demodulates each of

5 delayed waves of a timing selected at
synchronization/timing circuit 48 from outputs at
despreading circuit 47 separately to RAKE compose.

Timing arranging/composing circuit 51 is execute
the maximum ratio combine outputs of each RAKE circuit

10 49 and 50 ,and arranging shifts of timing between sectors.

Decoding circuit 52 decodes using the composed
signals to obtain information signals. Decoded
information signals are framed into ATM cells at cell
framer circuit 37 then transmitted into the switching

15 eguipment.

On the other hand, transmission data for the mobile
station is transmitted from the switching equipment in
ATM cells. And only information signals are extracted at
cell framer circuit 37, coded at coding circuit 38,

20 spreading processed at spreading circuit 39 using a
spreading code to assigned the mobile station then the
processed signals are output into sector switch 34.

Sector switch 34 assigns the same spread signals
for the 0l1d sector and the new sector.

25 Transmission RF circuit 40 of base station
transmitting/receiving unit 33 at each sector multiplies

spread signals and processes orthogonal conversion and

_
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frequency conversion of the signals. Converted signals
are amplified at transmission amplifying circuit 41 then
transmitted for radio propagation paths from antenna 32.

And, in a soft handover between cells, information
signals decoded at decoding circuit 52 and reliability
information (reception level, etc.) are framed into ATM
cells and transmitted into the switching egquipment. The
switching equipment composes or selects information
signals received from an old sector and an new sector using
this reliability information to obtain desired
information signals.

According to the second embodiment, in a soft
handover between sectors, since reception signals from
an old sector and a new sector are executed the maximum
ratio combine by diversity using the same baseband section,
the effectiveness to improve communication quality can
be acquired.

And, a soft handover bewteen sectors is controlled
within a base station and it is enough to transmit
necessary information to a switching equipment only when
a soft handover between cells is executed. That reduces
the communication amount between a base station and a
switching equipment, which improves the communication
efficiency.

(Third embodiment)
The circuit scale of a base station in the third

embodiment can be reduced compared to that in the second
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embodiment.

FIG.3 illustrates a block diagram of a base station
in the third embodiment. 1In the base station apparatus,
each of N numbers of BB section 66 of base station

5 modulating/demodulating unit 65 comprises cell framer
circuit 67 to frame and deframe ATM cells in which
information is communicated with a switching equipment,
coding circuit 68 to code transmission signals, spreading
circuit 69 to spreading process transmission signals

10 using a spreading code of a mobile station,
synchronization/timing control circuit 76 to control the
timing of ©base station apparatus by detecting a
synchronization from reception signals, path selecting
circuit 77 to select a delayed wave of high reception level,

15 despreading/timing arranging circuits 78 to detect
correlation of reception signals of the selected path
using a spreading code of a mobile station, RAKE circuits
79 to compose reception signals of each selected path,
and decoding circuit 80 to decode reception signals on

20 the basis of outputs from RAKE circuits 79.

The configurations of base station
transmitting/receiving circuit 63 and sector switch 64
are the same as those of the first embodiment with a base
station control section comprised, however it is not

25 illustrated.

In the base station apparatus, transmission in an

ordinary time (without soft handover) is executed in the
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same way as the second embodiment.

On the other hand, multiplied signals transmitted
via radio multi propagation paths are received by antenna
61 and 62, and respectively amplified at reception
amplifying circuit 72 and 73. Reception RF signal circuit
74 and 75 executes frequency conversion, AGC processing,
demodulation processing and A/D conversion of each
reception signals received by antenna 61 and 62 to output
into sector switch 64.

Sector switch 64 selects BB section 66 same as when
transmitted to output reception signals.

Synchronization/timing control circuit 76 at BB
section 66 selects the timings of some samples of delayed
waves having high reception level from reception signals
received by each antenna 61 and 62 then outputs a path
selection signal into path selecting circuit 77. Path
selecting circuit 77 selects output signals from sector
switch 64 by the path selection signal and outputs some
samples of delayed waves having high reception level into
despreading/timing arranging circuit 78.
Despreading/timing arranging circuit 78 detects
correlation of the output signals using a spreading code.
RAKEcircuit79demodulateseachofselecteddelayedwaves
separately to Rake compose.

The output signals from RAKE circuit 79 are
provided into decoding circuit 80 and decoding circuit

80 decodes the signals to obtain information signals.
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Decoded information signals are framed in ATM cells
at cell framer circuit 8 then transmitted into the
switching equipment.

When a soft handover is executed, in the same way
as the second embodiment, sector switch 64 provides
outputs from reception RF circuit 74 and 75 of a sector
in an initial communication (o0ld sector) and reception
RF circuit of a new sector into the same BB section 66
of number 66.

Since synchronization/timing control circuit 76
at BB section 66 already acquired the synchronization with
the signals from the old sector, it tries to acquire the
synchronization with the signals from the new sector. When
the synchronization is established,
synchronization/timing control circuit 76 selects some
samples of delayed waves having high reception then
outputs a path selection signal into path selecting
circuit 77. Path selecting circuit 77 selects output
signals from sector switch 64 by the path selection signal
and outputs some samples of delayed waves having high
reception level into despreading/timing arranging
circuit 78. Despreading/timing arranging circuit 78
detects correlation of the output signals with a spreading
code arranging the timing of shifts between sectors.
RAKE composing circuit 79 demodulates each of selected

delayed waves separately to Rake compose. The

- output signals from RAKE composing circuit 79 are provided
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into decoding circuit 80 and decoding circuit 80 decodes
the signals to obtain information signals. Decoded
information signals are framed in ATM cellé at cell framer
circuit 8 then transmitted into a switching equipment.

The processing of transmission signals in a soft
handover is executed in the same way as the second
embodiment.

And, when a soft handover between cells is executed,
information signals decoded at decoding circuit 80 and
reliability information (reception 1level, etc.) are
framed into ATM cells and transmitted into the switching
equipment. The switching equipment composes or selects
information signals received from an old sector and a new
sector using the reliability dinformation to obtain
desired information.

As described above, when a soft handover between
cells is executed, the base station apparatus executes
the maximum ratio combine for reception signals from the
0ld sector and the new sector using the same baseband
section. At this time, path diversity to select a delayed
wave, space diversity to select an antenna and site
diversity between sectors are executed by processing
correlation outputs from despreading/timing arranging
circuit 78 at the same state. For instance, by selecting
four delayed waves (in the case where the number of tap
is four) from two states of delayed wave interval and

antenna, and sector space, then composing correlation
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outputs from despreading/timing arranging circuit 78,
these diversities are achieved. Because of it, high
performance communication is achieved without having the
large number of despreading/ timing arranging circuit 78
and RAKE composing circuit 79.

And, since a soft handover is controlled within a
base station, as well as the first embodiment and the
second embodiment, the communication efficiency between
the base station and the switching equipment can be
improved.

(Fourth embodiment)

A base station of the fourth embodiment allows to
batch control the timings of operations of each BB section.

FIG.4 illustrates a block diagram of a base station
apparatus of the fourth embodiment. This base station
apparatus has the constitution where
synchronization/timing control circuit 106, which is used
to be at BB section, is prepared independently and the
timing control at BB section 96 is executed by timing
switch 107. Other constitutions are the same as those of
the third embodiment.

This synchronization/timing control circuit 106
outputs a timing signal by detecting a synchronization
from reception signals, and this timing signal is output
into timing switch 107 then distributed to each BB section
96.

In transmitting ordinary data,
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synchronization/timing control circuit 106, in the same

way as the third embodiment, outputs a path selecting

signal by selecting the timings of some samples of delayed
waves having high reception level. This path selecting

5 signal is provided into corresponding BB section 96 then
BB section 96 executes operations of transmission and
reception, and soft handover in the same way as the third
embodiment.

And, in the case of high speed data transmitting

10 data such as moving pictures and others, the transmission
using a plurality of codes (channels) is executed. In
such case, one synchronization/timing control circuit 106
is connected with a plurality of BB section 96 through
timing switch 107 and batch controls the operating timings

15 of each BB section 96.

As described above, in this base station, since a
synchronizing section 1is prepared independently, the
timing control in the case of using a plurality of codes
can be batch controlled, which allows smooth execution

20 of high speed data communication using a plurality of codes
concurrently.

(Fifth embodiment)

In a base station of the fifth embodiment, a
spreading section to spreading process coded transmission

25 signals is prepared at a base station
transmitting/receiving unit, a sector switch is divided

into a transmission sector switch and a reception sector

_
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switch, and signals passed through a transmission sector
switch becomes a baseband frequency.

FIG. 5illustrates a block diagram of a base station

apparatus of the fifth embodiment. In this base station,

5 a spreading circuit, which is provided in BB section 236

of the base station of the first embodiment, is prepared

at base station transmitting/receiving unit 233, and

transmission signals, which are coded then framed at

coding circuit 211 at BB section 236, are input into

10 spreading circuit 212 at base station

transmitting/receiving unit 233 through transmission

sector switch 235. Reception signals are input into

despreading circuit 219 at BB section 236 from base station

transmitting/receiving unit 233 through reception sector

15 switch 234. )

Spreadihgﬁcircuit 212 is a processing section to
spread transmission signals into a wide freguency band
by modulating coded transmission data with a spreading
code. As aspreading code, there are a short code assigned

20 forallusers to identify each user and a long code assigned
for all sectors to identify each sector. A short code is
a code having a short period such as 64 and a long code
is a code having a very long periocd such as about ten
thousands.

25 It is assumed that output signals from coding
circuit 211 is a 64 kbps baseband signal of spreading ratio

64. First, the baseband signal of each user is converted

—
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into a signal of 4.096Mcps (Mega chips per second) that
is 64 times bigger than the original speed by multiplying
a short code of spreading ratio 64 by each bit period of
the baseband signal. The signal of each user is added then
5 the resultant signals are multiplied by a long code
assigned for a sector to generate transmission data of
the sector. Since the multiplying of a long code is
executed with the same chip rate as the short code, the
chip rate of the output signals is still 4.096 Mcps after
10 multiplying a long code.

When spreading processing is executed at base
station transmitting/receiving unit 233 not at BB section
236, spreading processing per sector not per user is
executed. Spreadingcircuit 212 of each sector comprises

15 short code multiplying circuits of the number
corresponding to the number of short codes that are
available in one sector, an adding circuit and a long code
multiplying circuit. Each transmission frames input
from BB section 236 though transmission sector switch 235

20 is input into a corresponding short code multiplying
circuit to multiple. By adding these multiplied results
then multiplying a long code at a long code multiplying
circuit, spreading processing per sector is executed.

According to described above, the number of long

25 code multiplying circuits, which used to require the
number of circuits of BB section 236, is reduced into the

number of sectors. And, since the number of short code

—
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multiplying circuits is the same, it is possible to
decrease the number of circuits and reduce the speed of
signals passing through transmission sector switch.

In transmission signals from a mobile station,
since despreading processing per user is executed in the
same way as the first embodiment, the rate of signals
passing through reception sector switch 234 is the same
as the chip rate before despreading. Accordingly, into
transmission sector switch 235 for low rate and reception
sector switch for high rate 234 are prepared separately
as a sector switch. Other constitutions are the same as
those of the first embodiment.

This base station apparatus 233 operates in an
ordinary time (when a soft handover is not executed) as
follows.

Transmission data for a certain mobile station is
transmitted in ATM cells from a switching equipment and
provided into cell framer circuit 210 at base station
modulating/demodulating unit 237, where ATM cells are
deframed to extract information signals. The
information signals are passed though SHO
distributing/composing c¢ircuit 239, coded at coding
circuit 211 at BB circuit 236, framed then output into
transmission sector switch 235,

Transmission sector switch 235 selects a sector
to transmit by a control signal of a base station control

section (not illustrated) then outputs transmission
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signals into spreading circuit 212 at base station
transmitting/receiving unit 233 of the selected sector.
Spreading circuit 212 executes spreading processing by
multiplying transmission frames transmitted from a
plurality of BB section 236 through transmission sector
switch 235 by a short code, adding the results and
multiplying it with a long code. Transmission gignal
frames spreading processed are output into transmission
RF circuit 213, processed D/A conversion, orthogonal
modulation and frequency conversion at transmission RF
circuit 213, amplified at transmission amplifying circuit
214 then transmitted for radic propagation paths from
antenna 2.

On the other hand, multiplied signals transmitted
via. radio multi propagation paths from a plurality of
base stations are received by antenna 231 and 232, and
amplified at reception amplifying circuit 215 and 216
respectively for antenna 231 and 232. Reception RF
circuit 217 and 218 execute frequency conversion, AGC
processing, demodulation processing and A/D conversion
of reception signals received by antenna 231 and 232
respectively to output into sector switch 234.

Reception sector switch 234 selects BB section 236
(the number n of BB section) same as when transmitted by
a control signal of base station control section to output

reception signals. Following processing of reception

signals is executed in the same way as the first
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embodiment.

Next, operations in a soft handover are explained.

A base station control section decides the number
m of sector to hand over on the basis of information
concerning peripheral sectors and cells transmitted from
a mobile station (reception power, interference power,
error rate, etc.) and decides BB section 236 (the number
j of BB section 236) to connect the sector, taking into
account the traffic.

Reception sector switch 234 provides output
signals of reception RF circuit 217 and 218 of the sector
in an initial communication (referred as the first sector)
to the number n of BB section 236 in the initial
communication, and provides output signals of reception
RF circuit 217 and 218 of the number m of sector decided
to hand over into the number j of BB section 236 which
exXxecutes a soft handover. Following processing of
reception signals is executed in the same way as the first
embodiment.

On the other hand, transmission data for a mobile
station is transmitted in ATM cells from a switching
equipment and cell framer circuit 210 deframes the cells
to exXtract information signals. SHO
distributing/composing circuit 210 distributes the
information signals to the number n and j of BB section
236 to output.

Coding circuit 211 of each BB circuit 236 codes the
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information signals and frames to output into
transmission sector switch 235. Transmission sector
switch 235 distributes transmission frames to the first
sector and the number m of sector.

Spreading circuit 212 of base station
transmitting/receiving unit 233 at each sector spreading
processes transmission frames to output into transmission
RF circuit 213. Transmission RF c¢ircuit 213 processes
orthogonal modulation and frequency conversion of spread
signals. The converted signals are amplified at
transmission amplifying circuit 214 then transmitted for
radio propagation paths from antenna 232.

The case, where spreading circuit 212 is prepared
at base station transmitting/receiving unit 233 and, as
a sector switch, transmission sector switch 235 and
reception sector switch 234 are prepared, is explained
in the base station apparatus of the transformed first
embodiment. However, it is obvious that the similar
transformation can be applied for base stations of the
second embodiment through fourth embodiment. It is also
obvious that, in operations of those base stations,
operations in the case of transmission and a handover are
the same as those of the fifth embodiment, and reception
operations are the same as those of the second embodiment
though the fourth embodiment.

Accordingly, in the case of preparing spreading

circuit 212 at base station transmitting/receiving unit
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233 and preparing reception sector switch 235 and
reception sector switch as a sector switch in base station
apparatus of the second embodiment through the fourth
embodiment, a low rate switch is available for a
transmission sector switch, which allows to decrease the

circuit scale of spreading circuit.

Industrial Applicability

As described above, the base station apparatus in
a mobile communication in the present invention is useful
in a soft handover between sectors in a base station
apparatus for sector transmitting and receiving in a
cellular system. And it is appropriate for reducing the
hardware scale of a base station apparatus and improving

the communication quality.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A base station apparatus in a mobile
communication system in which a service area is divided
into a plurality of cells each composed of a plurality of
gectors, said base station apparatus including:

a plurality of transmitting/ receiving sections
each for converting a radio signal received at each sector
into a reception baseband signal, and converting a
transmission bageband signal of each sector into a
transmission radio gigmal;

a plurality of baseband processing sections each
for demodulating a reception signal from said reception
bageband signal, and modulating a transmission signal into
said transmission baseband signal;

sector switch means for switching a connection
between said transmitting /receiving sections and said
baseband processing sections;

selecting means for selecting a new sector for a
handover on the basis of information concerning peripheral
sectors transmitted from a mobile station; and

connection control means for controlling said
sector switch means to connect the tramsmitting /receiving
section of said new sector for a handover with said
baseband processing section appropriate for said

transmitting/receiving section.

2. A bage station apparatus as claimed in claim 1,

wherein saidconnection control means, while maintaining a
connection between said transmitting/receiving section of

an old sector for a handover and said baseband processing

section when a gsoft handover between sectors is executed,

controlg to connect the transmitting/ receiving section of
said new sector for a handover with said baseband

processing section.

A base station apparatus as claimed in claim 1

12 \MCooper\Reep\8peci13207.97 .doc 22/07/98
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further including:

means for composing, when a goft handover between
gectors is executed, each reception signal demodulated at
each of gaid baseband procesgsing sections connected with
respective transmitting/receiving sections of the old
sector and the new sector; and

means for distributing the transmisgsion signal
for said each baseband processing section connected with
respective transmitting/ receiving sectionsg of the old
gsector and the new sector.

4. A bage station apparatus as claimed in claim 1,
wherein said connection control means controls said sector
switch to connect the transmitting/ receiving sections of
the old sector and new sector with the same baseband
processing section at a reception time while a soft
handover between sectors is executed, and

said baseband processing section diversity
composes reception baseband signals output from said
transmitting/receiving sections.

5. A bage station apparatus as claimed in claim 4,
wherein said baseband processing section demodulates a
reception signal by composing signals obtained by site
diversity between sectors, space divergity to select an
antenna, and path diversity to select a delayed wave.

6. A base station apparatus as claimed in claim 5,
wherein said baseband processing section converts signals
obtained by site diversity between gsectors, space diversity
to select an antemnna, and path diversity to select a
delayed wave, into a sigmal capable of being batch
processed to process by composing.

7. A base station apparatus as claimed in any one of
claims 1 to §, wherein said base station apparatus includes

synchronizing means for acquiring a synchronization of said

Hi\MCooper\Keep\Bpecid3207.97 .doc 22/07/99
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each basgeband processing sections from said reception
baseband signal provided into said each baseband processing
section, and batch controlsg a processing timing at gaid
each baseband processing section.

8. A base station apparatus as claimed in claim 1,
wherein said transmitting /receiving section includes
spreading means for spreading a transmission signal using a

spreading code.

9. A base station apparatus as claimed in claim 8,
wherein gaid transmitting/ receiving section includes a
trangmitting circuit to convert said transmission baseband
signal into said transmission radio signal and a receiving
circuit to convert said received radio signal into said
reception baseband gignal, and said sector switch means
includeg a transmigsion sector switch to input said
transmission baseband signal output from said baseband
processing section into said transmitting circuit of a
sector corresponding to an instruction by said connection
control means, and a reception sector switch to input said
reception baseband is signal output from a receiving
circuit of said sector into said baseband processing
section corresponding to an instruction by said connection

control means.

10. A base station apparatus as claimed in any one of
claims 1 to 7, wherein said selecting means is
characterized that the information concerning peripheral
gsectors includes at least either one of reception power of

a peripheral sector, interference power and error rate.

11. A base station apparatus as claimed in any one of
claims 1 to 10 wherein said comnection control means is
characterized to select the baseband processing section
appropriate to connect the new sector for a handover,
taking into account traffic of a sector.

H:\MCooper\Keep\Speci\43207.97.doc 22/07/99
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12, A soft handover method between sectors in a base
station apparatug in a mobile communication, wherein said
base station apparatugs includes a transmitting/receiving
gsection for each sector, a baseband processing section for
each sector and a sector switch to select a connection with
gsaid transmitting/receiving section and said baseband
processing section,

said soft handover method between sectors
includes:

executing a soft handover between sectors by
gselecting a plurality of sectors on the basgis of
information concerning peripheral gsectors obtained from a

mobile station; and

connecting transmitting/receiving sections of a
plurality of sectors selected and corresponding baseband
procegsing section with the sector switch to ensgure a

plurality of channels with said mobile station.

13. A bage station apparatus, substantially as herein
described with reference to Figures 1 to 5 of the

accompanying drawings

14. A base station apparatus, substantially as herein
described with reference to Figures 1 to 5 of the

accompanying drawings.

Dated this 22nd day of July 1999
MATSUSHITA ELECTRIC INDUSTRIAL CO.,LTD

By their Patent Attorneys
GRIFFITH HACK

Fellows Institute of Patent and
Trade Mark Attorneys of Australia
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