TITLE OF THE INVENTION
ECONOMICAL SYNCHRONIZATION SYSTEM FOR ASYNCHRONOUS
TRANSFER MODE MOBILE COMMUNICATIO_N NETWORK WITHOUT
DEPENDENCE ON EXTERNAL SYSTEM
FIELD OF THE INVENTION

This invention relates to a mobile communication network and, more
particularly, to a synchronization systém for base sta?ions incorporated in an
asynchronous transfer mode mobile communication network.

The digital communication channel is broken down into a synchronous
transfer mode and an asynchronous transfer mode. The synchronous transfer
mode and the #synchronous transfer mode are abbreviated as “STM” and
“ATM”, reépectively. In the synchronous transfer mode, time slots are .
periodically assfgned to digitai signals on different channelé through the time
division multiplexing, and -t.he digital signals are transferred from a base
station to a high-level station. Even if there is not any digital signal on a
channel, the time slot is still périodically assigned to the channel, and the
util_ization factor is rather low. Therefore, the synchronous transfer mode is
less appropriate for variable traffic data sﬁch as voice data and packet data.
On the other hand, digital signals on different channels are formed into fixed-
length cells, and the fixed-length cells are .r_nultiplexed depending upon the
traffic on each channel. For this reason, the asynchronous transfer mode is

more appropriate for the variable traffic data.



A mobile communication network is expected to transmit variable traffic
data, and the asynchronous transfer mode is desirable for the mobile
communication network. A high-level station is shared between plufal base
stations in the mobile communication network, and a synchronization between
the base stati;ms is required fo; a hand-off.

Signal tra'ns_rhission timings at the base stations are cdx_ltrblled in a time
division multiple access, which is abbreviated as “TDMA”, system. The time
division multiple access establishes a synchronization between the _{)ase
stations with respect to the high-level station in'the mobilé communication
netwo':rk, and is effective against the silent time’ due to the hand-off.

A code division multiple access, which is abbreviated as “CDMA”,
system is attractive to the communication service, because the user channéls_
per unit band width are more than the user channels of the time division
multiple access. The code division multiple access requires the
synchronization for continuous communication at the hand-off.

Nevertheless, it is not easy to establish the synchronization between the
base stations with respect to the high-level station in the asynchronous
transfer mode network, Because the transmission delay i; always \}aried.

Japanese Patent Pﬁblication of Unexamined Application No. 6-30466
proposes an asynchronous transfer mode mobile communication system
between plural base stations and a control station. The asynchronous transfer
mode mobile communication system includes a mobile communication

controlling station and wireless base stations communicable with the mobile



communication controlling station through plural transmission chgnneis. The
transmission channels are respectively connected to signal processing units
incorporated in the mobile communication controlling station. A channel
controller is provided between modulator/ demodulator units and the
transmission éh-annels. When a hand-off is required, the wireless base station
needs to change a modulator/ demodulator unit communicating with a mobile
station to another modulator/ demodulator unit, and t_he channel controller |
connects the new modulator/ demodulator to the transmission chann_el. already
used. Thus, the channel controller changes the cdonnectiqn between ;he
modulator/ demodulator units and the transmission channels at the hand-off,
and any interruption does not take place in the communication with the
mobile station. However, the Japanese Patent Publication of Unexamined
Application is silent to the synchronization between the base stations.

If a high-precision clock signal is shared between wireless base stations,
the high-precision clock signal makes the base stations synchronous with one
another with fespect to the high-level station. Figure 1 illustrates the prior art
asy_nchronous transfer mode mobile communication system proposed as TIA/
EIA/IS-95-A system. Wireless base stations 1/ 2 are connected through
asynchronous transfer mode channels 3/ 4 to a high-level station 5, and a
mobile station 6 is communicating with the wireless base station 1 through a
radio channel 7. The global positioning syétem is available for the
synchronization between the wireless base stations 1 and 2. The global

positioning system is abbreviated as “GPS”, and the twenty-four space



satellites broadcast high-precision clock signal indicative of the current time.
GPS receivers la/ 2a are incorporated in the wireless base stations 1/ 2,
respectively, and the high-precision clock signal establishes the
synchronization between the wireless base stations 1/ 2.

A cesium atomic clock can provide a highly reliable clock signal, and is
available for the synchronization between the base stations 1n the.
asynchronous transfer mode mobile communication system.

However, the cesium ato.mic clock is so expensive that the installation in
each base station is not feasible. On the other hand, the GPS receiver 1a/ 2a
is economical, and the p1:'ior art synchronization system shown in figure 1 is
feasible in view of the. cgst. However, .the space satellites can not eternally
broadcast the high-precision clock signal. For this reason, the prior art
synchro'ni;ation system is less reliable. |

SUMMARY OF THE INVENTION

It is therefore an important object of the present invention to provide a
synchronization system for an asynchronous transfer mode mobile
cqmmunication network which is economical and reliable.

“To accomplish the object, the present invention proposes to per-iodically
measure a difference in transmissi.on time lags along asynchronous transfer
mode channels.

In accordance wit_h one aspect of the pfesent invention, there is provided a
n asynchronous transfer mode network comprising a plurality of low-level

stations communicable with at least one mobile station in a boundary zone
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between service cells of the plurality of low-level stations, a high-level
station commurﬁcable with the plurality of low-level stations through
respective asynchronous transfer mode channels, and a synchronization
system including a plurality of clocks respectively associated with the high- -
level station and the low-level stations and independently indicating currenf
times, a message transmitting unit associated with the high-level station and
concurrently transmitting a control message from the high-level-station to the
plurality of low-level stations through the asynchronous transfer mode
channels, a plurality of message relaying units respectively associated with
the plurality of low-level stations, replaying the control message from one of
the plurality of low-level stations to the at least one mobile station,
respectively receiving a plurality of first response messages respectively
supplied from the at least one mobile station to the plurality of low-level
stations andxi’espectively transmitting a plurality of second resi)onse messages
from the piurality of low-lével stations through the asynchronous transfer
mode channels to the high-level station, at least one first message generator
as§ociated with the at least one mobile station and transmitting the plurality
of first response messages to the plurality of message relaying uni.ts after the
at least one mobile station receives the control message, a pluralify of second
message generators respectively connected to the p.lurality of message
relaying units and respectively producing £he plurality of second response
messages each representative of the current time indicated by the clock

associated with one of the plurality of low-level stations and a first message



transmission routine from aforesaid one of the ‘plurality of low-level stations
to the at least one mobile station and vice versa and a timing regulator
connected to the message transmitting unit and determining a difference
between transmitting time lags along the asyncﬁronous.trﬁnsfer mode
channels on the basis of the second response messagé_s and a plurality of .
second message transmission routines from the high_-leff.él. sté.tio'n to the at
least one mobile station and vice versa fo.r supplyihg a pié@:é.o‘f ‘control

" information representative of the difference between fhe tfaﬁl'slmi'tting time
lags to the plurality of low-level stations.

The features and advantages of the synchroniization systém will be more
clearly understood from the following description taken in cénjunction with
the accompanying drawings in which:

Fig. 1 is a schematic view showing the prior art synchronization system
for an asynchronous transfer mode mobile communication system;

Fig. 2 is a schematic view showing a synchronization system for an
as_ynchronous transfer mode mobile communication network according to the
pfésent invention; and

Fig. 3 is a timing chart showing a determination of transmission time lags
carried out by the synchronization system.

DESCRIPTION OF THE 133- EFERRED EMBODIMENT

Referring to figure 2 of the drawings, an asynchronous transfer mode

mobile communication network comprises plural wireless base stations 21/22,



a high-level station 23 such as a mobile communication control station and
plural mobile stations 24. Although the mobile stations 24 are
communicating with the wireless base stations 21/ 22, only one mobile station
24 is shown in figure 2. The wireless base stations 21/.22 are connected
through asyn;:hronous transfer mode channels 25/ 26 to the high-level station
i3, and the _mobﬁe station 24 transmits a tra.nsmitting signal 27 to a radio
channel 27/ 28. The high-level station 23 and the wireless base stations 21/
22 are stationary, and service areas or service cells are assigned to the
wireless base stations 21/ 22, respectively. The mobile stations 24 are
movable in the service cells, and somé mobile stations 24 are moved from
certain service cells to different service ﬁells adjacent to the certain service
cells.-

In this instance, a 155 Mbps asynchronous transfer mode network provides
the asynch;d‘nous transfer mode channels 25/ 26, and a TDMA mobile
telephone network provideé the radio channels 27/ 28. For this reason, the
mobile station 24 communicates through the radio channels 27/ 28, the
wireless base stations 21/ 22, the asynchronous transfer mode channels 25/ 26
and the high-level station 23 to another mobile station or a telepho.ne. For -
this reason, the wireless base stations 21/ 22 for the communications between
" the mobile stations 24 or the mobile station 24 and the telephone serve as
low-level stations, respectively.

Built-in clocks 21a/ 22a/ 23a are incorporated in the wireless base stations

21/ 22 and the high-level station 23, respectively, and the built-in clocks 21a/



22a/ 23a independently indjcate time. The price of the built-in clock 21a/
22a/ 23a is much smaller than that of the cesium atomic clock. For this
reason, the built-in elocks 21a) 22a/ 23a are employable in the asynchronous
transfer mode mobile communication network according to the present
invention.

The high-level station further includes a message transmitter 23b and a
timing regulator 23¢. ‘The message transmitter 23b generates a control
message MG1 representative of an initiation of timing regulation, and
concurrently transmits the eontroP message MG1 to the timing regulator 23c¢
and the wireless base stations 21/22. In this instance, a layer-3 message in
the TDMA mobile telephone system is expanded so as to define the control
message MGI1. The control message MG is transmitted through the

‘asynchronous transfer mode channels 25/ 26 to the wireless base stations 21/
22.

The timing regulator 23c is responsive to the control message MG1, anc_i
starts t0 establish a synchronization in the asyhchronous transfer mode .
network. The timing regulator 23¢c measures the lapses of time from the
receipt of the control message MG1 to receipt of each response message
MG2/ MG3 from the wireless base station 21/ 22. The response message
MG?2 represents a lapse of time from the receipt of the control message MG1
to receipt of a response message MG4 frorﬁ the mobile station and the current
time indicated by the built-in clock 21a. Similarly, the response message

MG3 represents a lapse of time from the receipt of the control message MG1



to receipt of a response message MGS5 from the mobile station .and the current
time indicated by the built-in clock 22a. The timing regulator 23¢ calculates
the difference between the transmission time lags from the high-level station
23 to the wireless base stations 21/ 22 along the asynchronous transfer mode
channels 25 a.md 26 and the difference between the transmission time lags
from the wireless base stations 21/ 22 to the high-level s-tation 23 on the basis
of the lapses of time. When the differences of transmission time lag_;; are
determined, the timing regulator 23¢ checks the response messages_\MG2/
MGS3 to see whether or not the transmission time lags allre correctly reflected
on the built-in clocks 21a/ 22a. If not, the timing regulator 23c supplies a
control message MG6 to the built-in clocks 21a/ 22a. The control message
MG6 is representative of putting back the built-in clock 21a/22a a cértain
time 6r putting the built-in clock 21a/ 22a forward a certain-time. Thus, the
timing regulator 23¢ makes .the wireless base stations 21/ 22 synchronous
with one another.

The wireless base stations 21/ 22 arle similar in internal arrangement to one
anpther. The wireless base station 21/ 22 further includeé a relay cénter 21b/
22b and a message generator 21¢/ 22c. Although all the relay centers 21b/
22b can relay the control message MG1 to the mobile station 24, one of the
relay centers 21b/ 22b relays the control message MG1 to the mobile station
24, and the other relay center does not reléy the message MG1 to the mébile
station 24. All the relay centers 21b/ 22b respectively. relay the control

message MG1 to the associated message generators 21c/ 22¢, and report



10

arrivals of the response messages MG4/ MGS5 to the associated message
generators 21c¢/ 22c. The message génerators 21c/ 22c¢ start to measure lapses
of time from the receipt of the control message MG1 to receipts of the
response messages MG4/ MGS, respectively. The méssag’e generators 21¢/
22c determine the lapses of time and the arrival times of the response
messages MG4/ MGS. The message generators 21c/ 22¢ respectively
generates the response messages MG2/ MG3 i'epresentative of the lapses of
time and the current times or tﬁe arrival times, and transmit the response
messa‘geg MG2/ MG3 to fhe timing regulator 23c.

The mobilé station 24 is assunied to be at the bounda;y between the
service cell of the wireless base station 21 and the service cell.of the wireless
base station 22. The mobile station includes a message transmitter 24a. The
message transmitter 24a is responsive to the control message MG1 from either
wireless base station 21/ 22, and introduces a predetermined delay time |
between the receipt of the control message MG1 and the transmission of the
respoﬁsé messages MG4/ MGS. The response message MG4 is identical with
thg. response message MGS5. In other words, the wireless base station 22
monitors the response message MG4 transmitted to the wireless base station
21, and recognizes the monitored message MG4 as the response message
MGS. The transmission times through the radio channels 27/ 28 are exactly
measured on the basis of the phase differe;nc'e, and the arrival times are

corrected as if the mobile station 24 is equally spaced from the wireless base
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stations 21 and 22. In other words, time lag (t6 —t5) is equal to zero (see
figure 3).

The built-in clocks 21a/ 22a/ 23a,. the message transmitter 23b, the timing
regulator 23c, the relay centers 21b/ 22b, the message generators 21¢/ 22¢ agd
the message ;cransmitter 24a as a whole constitute a synchronization system 29
according to the present invention,

The synchronization system 29 determines the transmission time lag as
follows. Figure 3 illustrates message transmission timings and message
receiving timings. The high-level station 23 transmits the control message
MG]1 at time t0, and the wire less stations 21 and 22 receive the control
message MG1 at t1 and ~t3, fespectively. The wireless baée station 21 relays
" the control message MG1 to the mobile station 24, and the control message
MGT1 arrives at the mobile station 24 at t2.

The mobile station 24 introduces the predetermined time delay Ti, and
transmits the response messages MG4/ MGS to the wireless base stations 21/
22 at time t4. The response messages MG4/ MGS arrive at the wireless base
stations 21/ 22 at t5 and t6, respectively. However, the transmission time lag
due to tﬁe difference in distance between the mobile station 24 and the
wireless base stations 21/ 22 is corrected as' if the difference between t5 and
t6 is zero. The wireless base stations 21/ 22 determines thé lapses of time T2/
T3 and the times when the response mességes MG4/ MGS5 actually arrive at
the wireless base stations 21/ 22. The difference between the lapses of time

T2 and T3 is representative of the difference in transmission time lag from the
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high-level station 23 to the wireless base stations 21/ 22 along the
asynchronous transfer mode channels 25 and 26.

The wireless base stations 21/ 22 produce the response messages MG2/
MG3, and transmit the response messages MG2/ MG3 to the_ high—le\}el
station 23. The high-level station 23 determines the lapses of time T4/ T5.
The difference between the lapses of timé T4/ TS5 contains not only'. the
difference between the transm-ission‘time lags from the high-level station 23
to the wireless base stations 21/ 22 but also the difference between the
transmission time lags from the wireless base stati.ens 21/ 22 to the high-level
station 23. For this reason, the difference between the transmission,time lags
from the wireless base stations 21/ 22 to the high-level station 23 is expressed
as (T5—T4) — (T2—T3) . The synchronization system 29 may
periodically'repéat the timing regulation described hereinbefore.

As will be appreciated from the foregoing description, the synchronizatidn
system 29 determines the differences in transmission time lag between the
asynchrbnous transfer mode chénnels 25 and 26, and supplies the control
message MG6 to the wireless base_: stations 21/ 22 so as to put the built-in
clocks 21a/ 22a back or forward. As a result, the differences in the
transmission time lag are taken into account, and the built-in clocks 21a/ 22a
respectively indicate corrected times available for the synchronization
between the wireless base stations 21/ 22. | The synchronization sysiem 29 is

never dependent on any external system, and is surely reliable.



Although a particular embodiment of the present invention has been shown
and described, it will be apparent to those skilled in the art that various
changes and modifications may be made without departing from the spirit and
Scope of the present invention. |

For example, the timing fegu_latbr 23c and th._'e"messagé_ génefa_to_rs 21;:/_ -22.c _
may simply determine arnvaltlmes _gnd/ or trans;_nission t_il_t-le's-;_so' t__hat the
timing regulator 23¢ calcllxla_;:téé- the :('_li.f‘_férencesfir.ll '_trahsrhis_éi(;t_i_;tinig 1ag .ald'ng; _
the arrival times and/ or t}ié'transipission times. -

The wireless base statioﬂs 21/ 22 may communicate with the mobile

istation through the CDMA channels orianother kind of channels.
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- _ CLAIMS
1. An asynchronous transfer mode network comprising:

a plurality of low-level stations (21/ 22) communicable with at ieast.
one mobile station (24) in a boundary zone between sérvice cells of said
plurality of lbw—level stations;

a high-level station (23) communicable with said plurality of low-level
stations through respective asyﬂchronous transfer mode channels (25/ 26);
and

a synchronization system making said.plurality of low-level stations
synchronous with on'e another with respect to said high-level station,
characterized in that

sai;i synchronization system includes

a plurality of clocks (23a/ 21a/ 22a) respectively associated witﬁ
said high-level station (23) and said low-level stations (21/ 22) and
independently indicating current times,

a message transmitting unit (23b) associated with said- high-level
station (23) and concurrently transmitting a control message (MG1) from said
high-level station (23) to said plurality of low-level stations (21/ 22) through
said asynchronous transfer mode channels (25/ 26), .

a plurality of message relaying units (21b/ 22b) respectively
associated with said plurality of low-level stations (21/ 22), replaying said
control message (MG1) from one of said plurality of low-level stati;)ns to said

at least one mobile station (24), respectively receiving a plurality of first
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response messages (MG4/ MGS) respectively supplied frc;m said at least one
mobile station (24) to said plurality of low-level stations (21/22) and
respectively transmitting a plurality of second response messages (MG2/
MG3) from said plurality of low-level stations (21/ 22) through said
asynchronou's transfer mode channels (25/ 26) to said high-level station (23),

at least one first message generator (24a) associated with said at
least one mobile station (24) and transmitting sald plurality of first response
messages (MG4/ MGS5) to said plurality of messagg relaying units.(21b/ 22b)
after said at least one mobile station (24) receives said control message
(MG1), | |

a pluralit;l of second message generators (21c/ 22¢) respectively
connected to said plurality of message relaying units (21b/ 22b) and
respectively producing said plurality of second response messages (MG2/
MG@G?3) each i"epresentative of the current time indicated by the clock (21a/
22a) associated with one of said plurality of low-level stations (21/22) and a
first me.ssage transmission routine from said one of said plurality of low-level
stations (21/ 22) to said at least one mobile station (24) and vice versa, and

a timing regulator (23c) connected to said message trénsmitting
unit (23b) and determining a difference between trans-mitting time lags along
said asynchronous transfer mode channels (25/ 26) on the basis of said second
response messages (M G2/ MG3) and a plurality of second message
transmission routines from said high-level station (23) to said a£ least one

mobile station (24) and vice versa for supplying a piece of control
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information (MG6) representative of said difference between said transmitting
time lags to said plurality of low-level stations (21/ 22).

2. The asynchronous transfer mode network as set forth in claim 1, in which
said first message transmission routine is répresented by a first lapse of time
between arrival of said control message (MG1) at said one of said plurality of
low-level stations (21/ 22) and arrival of associated one of said plurality of
first response-messages (MG4/ MGS5), and one of said plurality of second
message transmission routines is represented by a second lapse of time
between the transmission of said confrol message (MG1) and arrival of one of
said plurality of second response messages (MG2/ MG3) at said high-level
station (23) through one of said asynchronous transfer mode channels (25/ 26).
3. The asynchronous transfer mode network as set forth in claim 2, in which
a difference in arrivals of said plurality of first response messages (MG4/
MGS5) at said plurality of low-level stations (21/22) is corrected in such a
manner that said at least mobile station (24) is equally spaced from said
plurality of low-level stations (21/22).

4. The asynchronous transfer mode network as set forth in claim i, in which
said difference between said transmission time lags includes a first sub-
difference from said high-level station (23) to said phllrality of low-level
stations (21/ 22) along said asynchronous transfer mode channels (25/ 26) and
a second sub-difference from said plurality of low-level stations (21/ 22) to

said high-level station (23).



- RRR R

5. The asynchronous transfer mode network as set forth in claim 4, in which
said first sub-difference is determined on the basis of a difference betweeq
said plurality of first message transmission routines, and said second sub-
difference is determined on the basis of a difference between said plurality of
second messa'ée transmission routines and said first sub-d_iffér_ehée.

6. The asynchronous transfer mode network as -sef _fort_ﬁ' mclalm 5, in
which said first message transmission routines are representedbyﬁrst lai)seé
of time (T2/ T3) between arrivals (ti/ t3) of said céntfdl message (B{{Gl) at
said plurality of low-level stations (21/22) and affival:s (t__5/:.-t6.).' of said
plurality of first response messages (MG4/ MGS5), respecﬁye'ly,-and said
plurality of second message transmission routines are represen'ted by second
lapses of time (T4/ T5) between the transmissions (t0) of said control messagé
(MG1) and arrivals of said plurality of second reéponse ine,ss‘ag'es_ MG2/ - .
MG3) at said high-level station (23) through said asynchroﬁous transfer mode
channels (25/ 26). |

7. The asynchronous transfer mode network as set forth in i:_laim 6, in which
said first sub-difference is determined through a first subtraction between said
first lapses of time (T2/ T3).

8. The asynchronous transfer mode network as set t:orth in claim' 7, in v_vliich
said second sub-difference is determined through a second subtraction
between said second lapses of time (T4/ T5) and a third subtraction between
the difference of said first subtraction and the difference of said second

subtraction.
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9.  The asynchronous transfer mode network as set forth in claim 1, in
which said plurality of low-level stations (21/22) communicate with said at
least one mobile station (24) by using a time division multiple access

technology.



