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TITLE OF THE INYENTION 

ECONOMICAL SYNCHRONIZATION SYSTEM FOR ASYNCHRONOUS 

TRANSFER MODE MOBILE COMMUNICATION NETWORK WITHOUT 

DEPENDENCE ON EXTERNAL SYSTEM 

FIELD OF THE INVENTION 

This invention relates to a mobile co.mmunication network and,·more 

particularly, to a synchronization system for base stations incorporated iri an 

asynchronous transfer mode mobile communication network. 

DESCRIPTION OF THE RELATED ART 

The digital communication channel is broken down into a synchronous 

transfer mode and an asynchronous transfer mode. The synchro111ou_s transfer 

mode and the asynchronous transfer mode are abbreviated a.~· "STM" and 

"ATM", respectively. In the synchronous transfer mode, time slots are 

periodically ~ssigned to digital signals on different channels 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 

chann·et, the time slot is still periodically assigned to the channel, and the 

utiHzation factor is rather low. Therefore, ·the synchronous transfer mode is 

less appropriate for variable traffic data such 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 multiplexed 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 plural base 

stations· in the mobile communication network, and. a synchronization betwe~p 

the base stations is required for a hand-off. 

Signal transmission timings at the base stations are controlled in a time 

division multiple access, which is abbreviated as "TOMA", system. The time 

division multiple access establishes a synchronization between the .~ase 

stations with respect to the high-level st~tion in:the mobile communication 

network, 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 channels. 

per unit band width are more than the user channels of the time division 

multiple access. The code division multiple access requires the 

synchroniz.ation 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 

tra"ilsfer mode network, because the transmission delay is always varied. 

Japanese Patent Publication 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 
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communication control! ing station th_rough plural transmission channels. 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 channels. When a hand-off is required, the wireless base station 

needs to change a modulator/ demod1:1lator unit communicating with a mobile 

station to another modulator/ demodulator unit, and the channel controller 

connects the new modulator/ demodulator to the transmission channel already 
· . .. 

used. Thus, the channel controller changes the connecti<?n between the 

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 respect to the high-level station. Figure I illustrates the prior art 

asynchronous transfer mode mobile communication system proposed as TIA/ 

EIA/ IS-95-A system. Wireless base stations II 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 I through a 

radio channel 7. The global positioning system 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 
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satellites broadcast high-precision clock signal indicative of the current time. 

GP S receivers I a/ 2a are incorporated in the wireless base stations I/ 2, 

respectively, and the high-precision clock signal establishes the 

synchronization between the wireless base stations II 2. 

A cesium atomic clock can provide a highly reliable clock signal, and is 

available for the synchronization between the base stations in the. 

asynchronous transfe~ mode mobile communication system. 

However, the cesium atomic clock is so expensive that the installation in 

each base station is not feasible. On the other hand, the GPS receiver I a/ 2a 

is economical, and the prior art synchronization system shown in figure 1 is 

feasible in view of the. c~st. However, .the space· satellites can -not eternally 

broadcast the high-precis_ion clock signal. For this reason, the prior art 

synchronization 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 

communication network which is economical and reliable. 

·ro accomplish the object, the present invention proposes to periodically 

measure a difference in transmission time lags along asynchronous transfer 

mode channels. 

In accordance with one aspect of the present 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 communicable 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 ~ndependently indicatin~ current 

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 and respectively transmitting a plurality of second response messages 

from the plurality of low-level stations through the asynchronous transfer 

mode channels to the high-level station, at least one first message generator 

associated with the at least one mobile station and transmitting the plurality 

or"first response messages to the plurality of message relaying units after the 

at least one mobile station receives the control message, a plurality of second 

message generators respectively connected to the plurality of message 

relaying units and respectively producing the 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 



--------------------iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii=============::_---'-'------------------

6 

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 deter~ining a difference 

between tra11:smitting time lags along the asynchronous.transfer mode 

channels on the basis of the second response messag~s and a plurality of 

second message transmission routines from the high-level station to the at 

least one mobile station and vice versa for supplying a piece ofcontrol 
- - -

information representative of the difference between the transmitting time 

lags to the plurality of low-level stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the synchronization system will be more 

clearly understood from the following description taken in conjunction 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 

asynchronous transfer mode mobile communication -network according to the 

present invention; and 

Fig. 3 is a timing chart showing a dete~mination of transmission time lags 

carried out by the synchronization system. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

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

mobile communication network comprises plural wireless base stations 21122, 
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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 st~tions 21122, only one mobile station 

24 is shown in figure 2. The wireless base stations 21/. 22 are connected 

through asynchronous transfer mode channels 25/ 26 to the high-level station 

23, and the mobile station 24 transmits a transmitting 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 a$signed to the 

wireless base stations 21/ 22, respectively. The mobile stations 24 are 

movable in the service cells, and some mobile stations 24 are moved from 

certain service cells to different service cells adjacent to the certain service 

cells.· 

In this instance, a 15 5 Mbps asynchronous transfer mode network provides 

the asynchro'nous transfer mode channels 25/ 26, and a TDMA mobile 

telephone rietwork provides the radio channels 27/ 28. For this reason, the 

mobile station. 24 communicates through the radio channels 27/ 28, the 

wireles_s base stations 21/ 22, the asynchronous transfer mode channels 25/ 26 

and the high-level station 23 to another mobile station or a telephone. 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 21 a/ 22a/ 23a are incorporated in the wireless base stations 

21/ 22 and the high-level station 23, respectively, and the built-in clocks 21 a/ 
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22a/ 23a independently indicate time .. The price of the built-fn clock 2la/ 
I 

22a/ 23a is much smaller than that of the cesium atomic clock. For this 

reason, the built-in clocks 2la/ 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 tr~nsmitter 23b and a 

timing regulator 23c. 'The message transmitter 23b generates a control 

message MGI representative of an initiation of timing regu_lation, and 

concurrently transn:iits the controf message MGI to the timing regulator 23c 

and the wireless base stations 21/;22. In this instance, a layer-3 mes-sage in 

the TDMA mobile telephone system is expanded so as to define the control 
. ! 

message MGI. The control message MGI 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 MGl, and 

starts tc) establish a synchronization in the asynchronous transfer mode . 

network. The timing regulator 23c measures the lapses of time from the 

receipt of the control message MGI to receipt of each response message 

MG2/ MG3 from the wireless base station 21122. The response message 

MG2 represents a lapse of time from the receipt of the control message MGI 

to receipt of a response message MG4 from the mobile station and the current 

time indicated by the built-in clock 2 la. Similarly, the response message 

MG3 represents a lapse of time from the receipt of the control message MGI 
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to receipt of a response- message MG5 from the mobile station and the current 

time indicated by the built-in clock 22a. The timing regulator 23c 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 mod~. 

channels 25 and 26 and the difference between the transmission time lags 

from the wireless base stations 21/ 22 to the high~level station 23 on the basis 

of the lapses of time. When the differences of transmission time lags are 

determined. the timing regul_ator 23c checks the response message$ __ MG2/ 

MG3 to see whether or not the transmission time lags are correctly reflected 

on the built-in clocks 21 a/ 22a. If not. the timing regulator 23c supplies a 

control message MG6 to the built-in clocks 2la/ 22a. The control message 

MG6 is representative of putting back the built-in clock _2la/ 22a a certain 

time or putting the built-in clock 21 a/ 22a forward a certain time. Thus, the 

timing regufator 23c makes the wireless base stations 21/ 22 synchronous 

with one another. 

The wireless base stations 21/ 22 are similar in internal arrangement to one 

another. The wireless base station 21/ 22 further includes a relay center 2lb/ 

22b and a message generator 2lc/ 22c. Although all .the relay centers 2lb/ 

22b can relay the control message MGl to the mobile.station 24, one of the 

relay centers 21 b/ 22b relays the control message MG 1 to the mobile station 

24, and the other relay center does not relay the message MGI to the mobile 

station 24. All the relay centers 21 bl 22b respectively relay the control 

message MGl to the associated message generators 2lc/ 22c, and report 
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arrivals of the response messages MG4/ MG5 to the associated message 

generators 21 c/ 22c. The message generators 2 lc/ 22.c start to measure lapses 

of time from the receipt of the control m~ssage MGl to receipts of the 

response messages MG4/ MGS, respectively. The message generators 2lc/ 

22c determine the lapses of time and the arrival times of the response 

messages MG4/ MGS. The message generators 21c/ 22c respectively 

generates the response messages MG2/ MG3 representative of the lapses of 

time and the current times or the arrival times, and transmit the response 

messages MG2/ MG3 to the timing regulator 23c. 

The mobile station 24 is assumed to be at the boundary between the 

service cell of the wireless base station 21 and the service cell.ofthe wireless 

base station 22. The mobile station includes .a message transmitter 24a. The 

message transmitter 24a is responsive to the control message MG 1 from either 

wireless base station 21/ 22, and introduces a predetermined delay time 

between the receipt of the control message MGI and the transmission of the 

response messages MG4/ MGS. The response message MG4 is identical with 

th~. response message MG5. 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 th~ radio channels 27/ 28 are exactly 

measured on the basis of the phase difference, 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 2la/ 22a/ 23a, ~he_ message transmitter 23b, the timing 

regulator 23c, the relay centers 2lb/ 22b, the message generators 2lc/ 22c a~d 

the message transmitter 24a as a whole consti~ute 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 

MGl at time tO, and the wire less stations 21 and 22 receive the control 

mess~ge MGl. at tl and t3, respectively. The wireless base station 21 relays 

' I 

· the control message MG 1 to the mobile station 24, and the control message 

MGI arrives at _the mobile st:ation 24 at t2. 

The mobile station 24 introduces the predetermin.ed time delay Tl, and 

transmits the response messages MG4/ MGS to the wireles·s 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 the 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 the lapses of time T2/ 

T3 and the times when the response messages MG4/ MG5 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 pro4uce the response messages MG2/ 

MG3, and transmit the response messages MG2/ MG3 to the high-level 

station 23. The high-'level station 23 determines the lapses of time T4/ T5. 

The difference between the lapses of time T4/ TS contains not only the 

difference between the transmission 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 statiens 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-repeat the timing regulation described.hereinbefore. 

As will be appreciated from the foregoing description, the synchronization 

system 29 determines the differences in transmission time lag between the 

asynchronous transfer mode channels 25 and 26, and supplies the control 

message MG6 to the wireless base stations 21/ 22 so as to put the built-in 

clocks 21 a/ 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 avail~ble for the synchronization 

between the wireless base stations 21/ 22. The synchronization system 29 is 

never dependent on any external system, and is surely reliable. 
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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 regulator 23c and th~ message gene~ators 2lc/ ·22.c 

may simply determine arriva~ time$ and/ ortrans~ission times_so·that the 
.· .·.·.:.·. . . . . 

timing regulator 23c calculates the di~erences_in._transmission tim~· lag along 

the arrival times arid/ or the fransmission times. 

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

iStation through the CDMA channels orjanother kind of channels. 

·. 
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1. An asynchronous transfer mode network comprising: 

a plurality of low-level stations (21/ 22) communicable with at least 

one mobile station (24) in a boundary zone between service cells of said 

plurality of low-level stations; 

a high-level station (23) communicable with said plurality of low-level 

stations through respective asynchronous transfer m9de channels (25/ 26); 

and 

a synchronization system making said plurality of low-level stations 

synchronous with one another with respe~t to said high-level station, 

characterized in that 

said synchronization system includes 

a plurality of clocks (23a/ 2la/ 22a) respectively associated with 

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-Iev~l 

st~tion (23) and concurrently transmitting a control message (MGl) 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 (21 b/ 22b) respectively 

associated with said plurality of low-level .stations (21/ 22), replaying said 

control message (MG 1) from one of said plurality of low-level stations to said 

at least one mobile station (24), respectively receiving a plurality of first 
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response messages (MG4/ MGS) respectively supplied from 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/ 

11G3) from said plurality of low-level stations (21/ 22) through said 

asynchronous 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 said plurality of first response 

messages (MG4/ MG5) to said plurality of message relaying units-_(21b/ 22b) 

after said at least one mobile station (24) receives said control message 

(MGI), 

i 

a plurality of second message generators {2lc/ 22c) respectively 

connected to said plurality of message relaying units (21b/ 22b) and 

respectively producing said plurality of second response messages (MG2/ 

MG3) each representative of the current time indicated by the clock {2la/ 

22a) associated with one of said plurality of low-level stations {21/ 22) and a 

first message 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 transmitting 

unit (23b) and d~termining a difference between transmitting time lags along 

said asynchronous transfer mode channel~ (25/ 26) on the basis of said second 

response messages (MG2/ MG3) and a plutality of second message 

transmission routines from said high-level station (23) to said at 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 represented by a first lapse of time 

between arrival of said control message (MG I) 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/ MG5), and one of said plurality of second 

message transmission routines is represented by a second lapse of time 

between the transmission of said control message (MG 1) 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/ 

MGS) 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 for~h 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 plurality 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). 
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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 between 

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 message transmission routines and said first sub-difference. 

6. The asynchronous transfer mode network as set forth in claim 5, in 

which said first message transmission routines are represented.by:first lapses 
·. . . . .:: '·.. .· 

of time (T2/ T3) between arrivals {tl/ t3) of said control message (MGI) at 
. . . .. ~. 

said plurality of low-level stations· (21/ 22) and arrivals (t5l t6} of said 

plurality of first response messages (MG4/ MGS), r~spectively, and said 

plurality of second message transmission routines are represented by second 

lapses of time (T4/ TS) between the transmissions (tO) ofsaid control message 

(MGl) and arrivals of said plurality of second response messages (MG2/ 

MG3) at said.high-level st.ation (23) through said asynchronous transfer mode 

channels (25/ 26). 

7. The asynchronous transfer mode network as set forth in claim 6, in which 

said first sub-difference is determined through a first sµbtracHon between said 

first lapses of time (T2/ T3 ). 

8. The asynchronous transfer mode network as set forth in claim 7, in ~hich 

said second sub-difference is determined through a second subtraction 

between said s~cond lapses of time (T4/ TS) 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. 


