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APPARATUS AND METHOD FOR MEASURING PROPAGATION 
DELAY IN AN NB-TDD CDMA MOBILE COMMUNICATION SYSTEM

5 BACKGROUND OF THE INVENTION

1, Field of the Invention
The present invention relates generally to an apparatus and method for 

measuring propagation delay in a CDMA (Code Division Multiple Access) 
.0 mobile communication system, and in particular, to an apparatus and method for 

measuring propagation delay in an NB-TDD (Narrow Band Time Division 
Duplexing) CDMA mobile communication system.

2. Description of the Related Art
5 In general, a CDMA mobile communication system is classified into an

FDD (Frequency Division Duplexing) system for separating a transmission 
frequency and a reception frequency on a frequency division basis, and a TDD 
(Time Division Duplexing) system for separating a downlink channel and an 
uplink channel on a time division basis. Specifically, the TDD system designates 

Ό a plurality of slots constituting one frame as slots for the downlink channel and 
slots for the uplink channel. Further, the TDD system is divided into a WB-TDD 
(Wide Band Time Division Duplexing) system and an NB-TDD (Narrow Band 
Time Division Duplexing) system. The WB-TDD system and the FDD system 
support a chip rate of 3.84Mcps, while the NB-TDD system supports a chip rate 
ofl.28Mcps.

Presently, the ongoing international standardization work on future 
mobile communication systems is separately carried out for an asynchronous 
system represented by a UMTS (Universal Mobile Telecommunication System) 

Ό system and a synchronous system represented by a cdma-2000 system. The 
technologies for the WB-TDD system and the NB-TDD system of the 
asynchronous system are defined by the 3GPP (3rd Generation Partnership 

Project).

15 Meanwhile, in the CDMA mobile conununication system, propagation
delay occurs inevitably during data communication between a Node B and a UE 
(User Equipment) through a radio channel. Tn the WB-TDD and FDD CDMA 
mobile communication systems, the propagation delay is measured depending on
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the time when a random access channel (RACH) transmitted by the UE arrives at 
the Node B.

FIG. 1 illustrates an example of round trip delay occurred in a WB-TDD 
CDMA mobile communication system. In FIG. 1, a UTRAN (UMTS Terrestrial 
Radio Access Network), a term used in the asynchronous CDMA mobile 
communication system, includes the Node B, a serving radio network controller 
(SRNC) for controlling a plurality of Node Bs, and a core network (CN).

A method for measuring a round trip delay value will be described with 
reference to FIG. 1. The Node B in the UTRAN can measure the round trip delay 
value by calculating a difference between a reference arrival time A of an RACH 
and an actual arrival time B of the RACH. The RACH is transmitted by the UE at 
a specified time. The reference arrival time A refers to an expected arrival time 
of the RACH determined by the Node B considering expected propagation delay, 
while the actual arrival time B refers to a time when the RACH is actually 
received at the Node B. Further, the round trip delay value refers to a time period 
between a time when the Node B transmitted data to the UE and a time when the 
Node B receives a response to the transmitted data from the UE. The Node B 
previously recognizes the reference arrival time A. Thus, once the actual arrival 
time B is measured, the Node B can calculate the round trip delay value. That is, 
the Node B can calculate a desired actual round trip delay value by applying an 
offset (or error) between the reference arrival time A and the actual arrival time B 
to an expected round trip delay value. In addition, it is possible to calculate an 
actual propagation delay value from the UE to the Node B by halving the 
calculated round trip delay value.

The propagation delay value measured by the Node B is transmitted to 
an SRNC servicing the UE, through a frame protocol message. The frame 
protocol message is a message exchanged between the Node B and the SRNC. 
The Node B transmits the measured propagation delay value to the SRNC by 
adding it to a header of the frame protocol message.

In the FDD CDM mobile communication system, the propagation delay 
value measured by the Node B and then transmitted to the SRNC is used when 
the SRNC sets transmission power required for data transmission through a 
forward access channel (EACH). In addition, the propagation delay value can 
also be used for a location service (LCS) for estimating a current location of the
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UE. That is, the SRNC determines a preferred transmission power level to be 
used when transmitting an FACH frame to the UE, by analyzing the propagation 
delay value received from the Node B, and transmits the determined power level 
to the Node B. The Node B then transmits the FACH to the UE using the 

5 preferred transmission power level transmitted from the SRNC. As the 
propagation delay value measured by the Node B is higher, the transmission 
power level at which the Node B transmits the FACH frame is also higher.

As stated above, the WB-TDD and FDD CDMA mobile communication
10 systems use the RACH provided from the UE to the Node B in order to measure 

the propagation delay. The UE transmits the RACH at a time slot of the Node B 
or a start point of the frame. To this end, the UE should be synchronized with the 
Node B. The UE is synchronized with the Node B using a primary common 
control physical channel (P-CCPCH) from the Node B.

15
However, in the NB-TDD CDMA mobile communication system, since 

the UE transmits the RACH by expecting a transmission point of an uplink time 
slot, it is not possible to measure the propagation delay value with the above­
stated propagation delay measurement method.

20
The reason why the NB-TDD CDMA mobile communication system 

cannot measure the propagation delay time will be described below in detail. In 
the NB-TDD CDMA mobile communication system, one frame is referred to as a 
“radio frame” and the radio frame has a length of 10ms. The radio frame is 

25 divided into two sub-frames each having a length of 5ms, and each of the sub­
frames is comprised of 7 time slots.

FIG. 2 illustrates a structure of a sub-frame typically used in the NB- 
TDD CDMA mobile communication system. Referring to FIG. 2, the sub-frame 

30 is comprised of 7 normal time slots TS0-TS6, a downlink pilot time slot 
(DwPTS), and an uplink pilot time slot (UpPTS). In FIG. 2, the time slots 
represented by downward arrows are downlink time slots transmitted from the 
Node B to the UE, while the time slots represented by upward arrows are uplink 
time slots transmitted from the UE to the Node B. The DwPTS is a time period 

35 where the Node B transmits a predetermined code sequence through a downlink 
pilot channel signal so that the UE may be synchronized with the Node B. The 
UpPTS is a time period where the UE transmits a specific code sequence to the 
Node B for, e.g., power control through an uplink pilot channel signal. In FIG. 2,



WO 02/41540 PCT/KR01/01971

-4-

a boundary between the downlink time slot and the uplink time slot is called a 
“switching point”. Among the time slots, a first time slot TSO is fixedly used as 
the downlink time slot, and the first time slot TSO is used to transmit a P-CCPCH 
signal.

5
A reason why the NB-TDD CDMA mobile communication system 

supporting the radio frame structure shown in FIG. 2 cannot exactly measure the 
. propagation delay will be described below.

10 The NB-TDD CDMA mobile communication system, as stated above,
separates the downlink and the uplink in a time slot unit. Therefore, the UE 
should transmit an uplink signal such that the uplink signal does not interfere 
with a downlink signal in the Node B. That is, the UE transmits the uplink signal 
such that the Node B can receive the uplink signal in the uplink time slot period

15 shown in FIG. 2. Therefore, the NB-TDD CDMA mobile communication system 
indispensably requires an operation of synchronizing the UE with the Node B. 
The UE is synchronized with the Node B using a downlink pilot time slot 
(DwPTS) received from the Node B.

20 After being synchronized with the Node B, the UE receives a primary
common control physical channel (P-CCPCH) transmitted from the Node B, and 
estimates an approximate distance from the Node B by measuring a path loss of 
the P-CCPCH depending on its attenuation. After estimating the distance from 
the Node B, the UE shifts a transmission point of an UpPTS signal such that the

25 Node B can receive the UpPTS signal at a start boundary point of the UpPTS.

The reason why the Node B should receive the UpPTS signal from the 
UE at the start boundary point of the UpPTS is to prevent interference due to 
overlapping of a downlink signal and an uplink signal in the NB-TDD system, 

30 which separates the downlink signal and the uplink signal on a time division 
basis.

The Node B receives the UpPTS signal and determines whether the 
UpPTS signal has been received exactly at its UpPTS period. If there exists a 

35 time difference, the Node B transmits a transmission point correcting value to the 
UE through a forward physical access channel (FPACH). Upon receiving the 
transmission point correcting value through the FPACH, the UE transmits an 
RACH message at a transmission point corrected based on the received 



5

transmission point correcting value. That is, the UE determines a transmission 

point of the RACH message using the transmission point correcting value 

received through the FPACH. Therefore, the RACH message can arrive at the 

Node B at a preferred time.

5 '

However, the Node B cannot recognize how much the UE has 

shifted the transmission point of the UpPTS signal in order that the Node B can 

receive the UpPTS signal at the UpPTS start boundary point. Therefore, the 

Node B cannot measure propagation delay of the UpPTS signal from the UE, and 

10 thus cannot properly control transmission power according to the propagation 

delay.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a 

15 method for measuring a propagation delay value of a frame transmitted by a UE 

(User Equipment) to a Node B in a TDD (Time Division Duplexing) mobile 

communication system including a frame divided into two sub-frames, each of 

the sub-frames having a plurality of time slots and also having a downlink pilot 

time slot and an uplink pilot time slot, both intervening between a first time slot 

2 0 and a second time slot of the plurality of time slots, the system also including the 

Node B for transmitting the frame fixed to a time axis, and the UE for 

transmitting a propagation-delayed frame in response to the frame received from 

the Node B, the method comprising the steps of:

acquiring synchronization with the Node B based on a downlink pilot 

25 channel signal transmitted in a period of the downlink pilot time slot, and 

determining an estimated round trip delay value T1 by comparing transmission 

power of a physical common channel signal in the first time slot with reception 

power of the physical common channel signal;

transmitting an uplink pilot channel signal by applying the estimated 

round trip delay value T1 to a desired transmission point of the uplink pilot

B:\flanagan\keep\SPECIFICATIONS\23145-02.doc 23/01/03
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channel signal;

receiving a transmission point correcting value T2 through a forward 

physical access channel (FPACH) signal transmitted from the Node B in a period 

of one downlink time slot among the time slots; and

5 transmitting a physical random access channel (PRACH) message with

the estimated round trip delay value T1 at a transmission point determined based 

on the transmission point correcting value T2 and the estimated round trip delay 

value Tl, so that the PRACH message is received at the Node B at a start point 

of a period of one uplink time slot among the time slots.

10

According to a further aspect of the present invention, there is provided a 

method for measuring a propagation delay value of a frame transmitted by a 

Node B to a UE (User Equipment) in a TDD (Time Division Duplexing) mobile 

communication system including a frame divided into two sub-frames, each of 

15 the sub-frames having a plurality of downlink time slots, a plurality of uplink 

time slots, a downlink pilot time slot and an uplink pilot time slot, and further

including the Node B for transmitting a physical common channel signal in a 

period of a first time slot of the sub-frame, and the UE for calculating an 

estimated round trip delay value Tl based on a path loss of the physical common 

20 channel signal and transmitting the uplink pilot time slot by applying the 

calculated round trip delay value Tl, the method comprising the steps of:

determining a transmission point correcting value T2 based on an offset 

between an arrival point of an uplink pilot channel signal and a desired arrival 

point of the uplink pilot channel signal in the uplink pilot time slot period;

2 5 including the transmission point correcting value T2 in a forward physical

access channel (FPACH) signal, and transmitting the PFACH signal to the UE in 

a period of one downlink time slot among the downlink time slots;

receiving a physical random access channel (PRACH) message with the

estimated round trip delay value Tl, transmitted from the UE at a transmission 

point determined based on the transmission point correcting value T2 and the

H:\flanagan\keep\SPECIPICATIONS\23145-02.doc 23/01/03 
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estimated round trip delay value Tl, in a period of one uplink time slot among 

the uplink time slots; and

transmitting the estimated round trip delay value Tl and the transmission 

point correcting value T2 included in the PRACH message to a radio network 

5 controller (RNC) to which the UE belongs, along with an RACH signaling 

message, so that the RNC determines a round trip delay between the Node B and 

the UE.

According to a further aspect of the present invention, there is provided a 

10 method for measuring a propagation delay value of a frame exchanged between a

UE (User Equipment) and a Node B in a TDD (Time Division Duplexing) 

mobile communication system including a frame divided into two sub-frames, 

each of the sub-frames having a plurality of downlink time slots, a plurality of 

uplink time slots, a downlink pilot time slot and an uplink pilot time slot, and 

15 further including the Node B for transmitting a physical common channel signal 

in a period of a first time slot of the sub-frame, and the UE for calculating an 

estimated round trip delay value Tl based on a path loss of the physical common 

channel signal and transmitting the uplink pilot time slot by applying the 

calculated round trip delay value Tl, the method comprising the steps of:

2 0 transmitting an uplink pilot channel signal from UE to the Node B at a

transmission point determined by applying the estimated round trip delay value 

Tl to a desired transmission point of the uplink pilot channel signal;

determining by the Node B a transmission point correcting value T2 based 

on an offset between an arrival point of the uplink pilot channel signal and a 

2 5 desired arrival point of the uplink pilot channel signal;

transmitting the determined transmission point connecting value T2 from 

the Node B to the UE along with a forward physical access channel (FPACH) 

signal in a given downlink time slot period;

transmitting a physical random access channel (PRACH) message with

the estimated round trip delay value Tl from the UE to the Node B at a

H:\flanagan\keep\SPECIFICATIONS\23145-02.doc 23/01/03
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transmission point determined based on the transmission point correcting value 

T2 and the estimated round trip delay value T1 received through the FPACH 

signal;

receiving by the Node B the PRACH message at a start point of a given 

5 uplink time slot period; and

transmitting the estimated round trip delay value T1 and the transmission 

point correcting value T2 included in the received PRACH message from the 

Node B to a radio network controller (RNC) to which the UE belongs, along 

with a random access channel (RACH) signaling message, so that the RNC 

10 determines a round trip delay between the Node B and the UE.

According to a further aspect of the present invention, there is provided an 

apparatus for measuring a propagation delay value of a frame exchanged 

between a UE (User Equipment) and a Node B in a TDD (Time Division 

15 Duplexing) mobile communication system including a frame divided into two 

sub-frames, each of the sub-frames having a plurality of downlink time slots, a

plurality of uplink time slots, a downlink pilot time slot and an uplink pilot time 

slot, and further including the Node B for transmitting a physical common 

channel signal in a period of a first time slot of the sub-frame, and the UE for 

2 0 calculating an estimated round trip delay value T1 based on a path loss of the

physical common channel signal and transmitting the uplink pilot time slot by 

applying the calculated round trip delay value Tl, the apparatus comprising:

the UE for transmitting an uplink pilot channel signal at a transmission 

point determined by applying the estimated round trip delay value Tl to a 

2 5 desired transmission point of the uplink pilot channel signal, and transmitting a

r *

physical random access channel (PRACH) message with the estimated round trip 

value Tl at a transmission point determined based on the transmission point 

correcting value T2 and the estimated round trip delay value Tl received through 

a forward physical access channel (FPACH) signal;

the Node B for determining the transmission point correcting value T2

H:\flanagan\keep\SPECIFICATIONS\23145-02.doc 23/01/03
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based on an offset between an arrival point of the uplink pilot channel signal and 

a desired arrival point of the uplink pilot channel signal, transmitting the 

determined transmission point correcting value T2 along with the FPACH signal 

in a given downlink time slot period, and transmitting the estimated round trip 

5 delay value T1 and the transmission point correcting value T2 included in the

PRACH message received at a start point of a given uplink time slot period to a 

radio network controller (RNC) along with an RACH signaling frame; and 

the RNC for receiving the RACH signaling frame and determining a 

round trip delay between the UE and the Node B based on the estimated round

10 trip delay value T1 and the transmission point correcting value T2 included in the

received RACH signaling frame.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Objects, features and advantages of the present invention will

become more apparent from the following detailed description when taken in 

conjunction with the accompanying drawings in which:

FIG. 1 illustrates round trip delay occurred in a WB-TDD CDMA

mobile communication system;

2 0 FIG. 2 illustrates a structure of a sub-frame used in an NB-TDD

CDMA mobile communication system;

FIG. 3 illustrates propagation delay of a downlink time slot in the 

NB-TDD CDMA mobile communication system;

FIG. 4 illustrates propagation delay of an uplink time slot in the

2 5 NB-TDD CDMA mobile communication system;

FIG. 5 illustrates a method for transmitting a forward physical 

access channel (FPACH) to compensate for propagation delay of the uplink time 

slot in the NB-TDD CDMA mobile communication system;

FIG. 6 illustrates a frame format of a random access channel

3 0 (RACH) transmitted from a Node B to a serving radio network controller

H:\flanagan\keep\SPECIFICATIONS\23145-02.doc 23/01/03
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(SRNC) in the NB-TDD CDMA mobile communication system;

FIG. 7 illustrates propagation delay of uplink pilot time slots 

(UpPTSs) transmitted from two UEs in the NB-TDD CDMA mobile 

communication system;

5 FIG. 8 illustrates a method for measuring an arrival time offset at

the Node B in the NB-TDD CDMA mobile communication system;

FIG. 9 illustrates an operation of the UE for measuring a 

propagation delay value in the NB-TDD CDMA mobile communication system 

according to an embodiment of the present invention;

*e··

• ·

I

10 FIG. 10 illustrates an operation of the Node B for measuring a

propagation delay value in the NB-TDD CDMA mobile communication system 

according to an embodiment of the present invention; and

FIGs. 11A to 11C illustrate various methods of transmitting an 

RACH signaling message according to an embodiment of the present invention.

15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will be described 

herein below with reference to the accompanying drawings. In the following 

description,

H:\flanagan\keep\SPECIFICATIONS\23145-02 .doc 23/01/03
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well-known functions or constructions are not described in detail since they 
would obscure the invention in unnecessary detail.

Although a description of the contents not directly related to the present
5 invention has not been provided, reference can be made to the contents adopted 

by or submitted to the 3 GPP for better understanding of the invention. In addition, 
although the present invention will be described with reference to the NB-TDD 
system, it is also possible to apply the present invention to any system which 
cannot measure a round trip delay, like the existing NB-TDD system.

10
First, a principle and operation of the present invention will be described 

below. In the NB-TDD CDMA mobile communication system, the UE receives a 
DwPTS from the Node B, and then performs synchronization with the Node B 
depending on a code sequence in the received DwPTS. After the synchronization, 

15 the UE detects Node B system information from broadcast channel (BCH) 
information of the P-CCPCH transmitted in a period of the first time slot TSO 
received from the Node B. The Node B system information includes transmission 
power information of the P-CCPCH. When there is data to transmit, the UE 
measures reception power of the P-CCPCH signal, and detects a signal 

20 attenuation by comparing the measured reception power with the transmission 
power information of the P-CCPCH. In general, the signal attenuation caused by 
a path loss depends upon the distance from the Node B. Thus, the UE can 
estimate the distance from the Node B by measuring the signal attenuation, and 
can also estimate a round trip delay value Tl depending on the estimated distance. 

25 Therefore, the UE calculates a transmission point of the UpPTS signal or a 
certain reference time point considering the estimated round trip delay value Tl. 
The UE transmits the UpPTS signal to the Node B at a transmission point 
determined by reflecting the estimated round trip delay value Tl. At this moment, 
the Node B determines whether the UpPTS signal arrives in the UpPTS period, 

30 and calculates transmission point correcting information T2 based on a difference 
(offset) between a start point of the UpPTS period and an arrival point of the 
received UpPTS signal. That is, the transmission point correcting information T2 
is an offset between the expected (or desired) arrival point of the UpPTS signal 
and the actual arrival point of the UpPTS signal. The Node B transmits the 

35 transmission point correcting information T2 to the UE through the FPACH.
When constructing the RACH message, the UE includes the estimated round trip 
delay value Tl in the RACH message. Upon receiving the transmission point 
correcting information T2, the UE determines a transmission point of the RACH
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message by adding the received transmission point correcting information T2 to 
the estimated round trip delay value Tl. The UE transmits the RACH message 
including the estimated round trip delay value Tl to the Node B at the 
determined transmission point. The Node B transmits the RACH message to the 
SRNC along with the transmission point correcting information T2. The SRNC 
calculates a round trip delay value τ using the transmission point correcting 
information T2 and the estimated round trip delay value Tl included in the 
RACH message. When transmitting an FACH signal to the UE, the SRNC 
determines transmission power of the FACH signal using the round trip delay 
value τ, and then informs the Node B of the determined transmission power. The 
Node B can transmit the FACH signal to the UE at the determined transmission 
power.

Alternatively, the UE can also calculate the round trip delay value τ 
using a round trip delay value Tl estimated by the UE itself and the transmission 
point correcting information T2 received from the Node B. The round trip delay 
value τ is the sum of the estimated round trip delay value Tl and the transmission 
point correcting information T2. That is, the UE can calculate a relatively correct 
round trip delay value based on the transmission point correcting information T2 
transmitted by the Node B with respect to the round trip delay value Tl estimated 
by the UE using the P-CCPCH signal.

FIG. 3 illustrates exchange of a DwPTS signal between a UE and a Node 
B in an NB-TDD CDMA mobile communication system. As illustrated in FIG. 3, 
a DwPTS signal received at the UE has a time delay from a transmission point 
310 of the DwPTS till an arrival point 312 of the DwPTS according to the 
distance between the Node B and the UE. In order to resolve the time delay 
problem, the UE transmits an UpPTS signal to the Node B by shifting the 
transmission point determined by performing synchronization with the Node B.

A method for transmitting the UpPTS signal by shifting the transmission 
point is illustrated in FIG. 4. It can be understood from FIG. 4 that the UE shifts 
a transmission point 412 of the UpPTS signal, Tl ahead of a transmission point 
410 determined by performing synchronization with the Node B. The estimated 
round trip delay value Tl can be estimated based on a value determined by 
measuring an attenuation of the P-CCPCH signal from the Node B. In FIG. 4, Tl 
represents a forward shift
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In FIG. 4, the Node B receives the UpPTS transmitted from the UE at a 
given arrival point 414. Upon failure to receive the UpPTS at a reference point 
416 where it should be received, the Node B measures an arrival offset (error) T2, 
the transmission point correcting information. The arrival offset T2 is measured 

5 based on a difference between the reference point 416 where the UpPTS should 
arrive and an actual arrival point 414 where the UpPTS actually arrives.

In FIG. 5, the Node B transmits information on the T2 through an 
FPACH, and upon receiving the T2 information, the UE transmits an RACH 

10 message at a time point calculated by adding the T2 to the Tl. Meanwhile, the 
UE transmits an RACH message at a transmission point 514 determined by 
adding the Tl previously known by the UE itself to the T2 provided through the 
FPACH. The RACH message includes the Tl. The Node B receives the RACH 
message transmitted from the UE in an uplink time slot period.

15
FIG. 6 illustrates a message format used when the Node B transmits the 

arrival offset T2 measured in the above process to the SRNC. In the message 
format shown in FIG. 6, a payload includes the Tl and a header includes the T2 
in lhe NB-TDD system.

20
Shown in Table 1 is a format of the RACH message transmitted from the 

UE to the Node B.

Table 1
Information 

Element/group name Need Multi Type and reference Semantics description

Measurement result 
current cell
CHOICE mode MP
>FDD
»CHOICE 
measurement 
quantity

MP

>»CPICHEc/N0 Integer (-20..0) IndB
»>CPICHRSCP Integer (-115..-40) In dBm

• »>Pathloss Integer (-46.. 158) IndB
>TDD
»Timeslot List OP 1 to 4
»>Timeslot ISCP MP Timeslot ISCP info The UE shall report the
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10.3.7.90 Timeslot ISCP in the 
same order as indicated in 
the cell info

»Primary CCPCH 
RSCP OP

Primary CCPCH 
RSCP info
10.3.7.79

»T1 OP Integer (-96..0) In Chip
The Rest Omitted

5

10

15

20

25

30

It is noted from Table 1 that T1 information is included in an RACH 
signaling message or a radio resource control (RRC) message in the NB-TDD 
system. The UE can transmit not only the T1 information but also the T2 
information to the Node B, using the RACH signaling message. This is because 
the UE, as stated above, can recognize the point T2 through the FPACH 
transmitted hy the Node B. A method for transmitting the T1 information and the 
T2 information using the RACH signaling message is illustrated FIGs. 11B and 
11C.

FIG. 11A illustrates a method for transmitting only T1 through the 
RACH signaling message. In this case, upon receiving an RACH signaling 
message including the T1 from a UE, a Node B adds T2 of the UE to the 
received RACH signaling message, and then transmits the T2-added RACH 
signaling message to an SRNC managing the UE, thus allowing the SRNC to 
calculate a propagation delay value between the Node B and the UE.

FIG. 11B illustrates a method for transmitting T1 and T2 through the 
RACH signaling message, b this case, upon receiving an RACH signaling 
message including the T1 and the T2 from a UE, a Node B transmits the received 
RACH signaling message to an SRNC without a separate operation, thus 
allowing the SRNC to recognize a propagation delay value between the UE and 
the Node B.

More specifically, the UE stores T1 (to be used at a transmission point of 
file UpPTS before generation of an RACH signaling message) in the RACH 
signaling message, receives an FPACH, and then reports T2 included in the 
received FPACH to a radio resource controller (RRC). The term “RRC” used in 
the future mobile communication system refers to a part managing radio 
resources. The RRC adds the T2 received through the FPACH to the RACH 
signaling message, and then transmits the T2-added RACH signaling message to
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the SRNC through the Node B.

FIG. 11C illustrates a method for calculating TI and T2 by the UE and 
then transmitting the calculated values through an RACH signaling message.

5 This method is identical in principle to the method of FIG. 11B except for the 
transmission format. Since the UE recognizes the TI and T2 values, the UE can 
personally calculate the propagation delay value while transmitting the TI and 
the T2. For example, the UE can calculate the propagation delay value by adding 
the T2 to the TI and then dividing the added value by 2. As another example, the 

10 UE transmits an UpPTS at a given time point after reception of a DwPTS, and 
upon receipt of the UpPTS, the Node B calculates a difference between a 
predetermined (or desired) time point for a specific Node B and an arrival point 
of the UpPTS, and reports the calculated difference to the UE through the 
FPACH, thus allowing the UE to calculate the propagation delay value.

15
FIG. 7 illustrates propagation delay occurring when a UE1 and a UE2 

transmit UpPTS signals, according to an embodiment of the present invention. 
As illustrated in FIG. 7, if the UE1 and the UE2 transmitted UpPTS signals to a 
Node B at their transmission points both shifted by TI, then the UpPTS signals 

20 undergo different propagation delays. As a result, the UpPTS signal transmitted 
by the UE1 and the UpPTS signal transmitted by the UE2 will arrive at the Node 
B at different arrival points. Occurrence of the different propagation delays is 
caused because a distance between the UE1 and the Node B is different from a 
distance between the UE2 and the Node B. Therefore, T2 for the UE1 and T2 for 

25 the UE2 are set to difference values.

Meanwhile, if it is assumed in FIG. 7 that the UpPTS signal is to arrive 
at the Node B at a desired arrival point B, then the UE1 should transmit the 
UpPTS signal by reducing a shift in the transmission point by the determined T2 

30 of the UE1 than when first transmitting the UpPTS signal by shifting the 
transmission point of the TI. Therefore, the Node B should report the determined 
T2 of the UE1 to the UE1 through the FPACH. The UE2 should transmit the 
UpPTS signal by shifting the transmission point by the determined T2 of the UE2 
than when first transmitting the UpPTS signal by shifting the transmission point 

35 of the TI. Therefore, the Node B should report the determined T2 of the UE2 to 
the UE2 through the FPACH. Then, the UE1 and the UE2 transmit the RACH 
messages by applying their T2 values, and the Node B can correctly receive the 
RACH messages transmitted from the UE1 and UE2 in the uplink time slot
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period.

FIG. 8 illustrates a method for measuring T2 of FIG. 7. Referring to FIG.
8, if the UE1 transmits an UpPTS by shifting the transmission point by Tl, the 
UpPTS may arrive at the Node B ahead of or behind a reference point (or desired 
arrival point) B. If the UpPTS arrives at the Node B ahead of the reference point 
B, the Node B will request the UE1 to transmit the UpPTS at a time T2d behind 
Tl. Otherwise, if the UpPTS arrives at the Node B behind the reference point B, 
the Node B will request the UE1 to transmit the UpPTS at a time T2c ahead of 
the Tl. Therefore, the UpPTS arrived at the Node B can be time-aligned. The T2 
can be determined by

Equation (1)
B-T2c= T2>0 
B- T2d= T2<Q

In FIG. 8, a difference value between the expected (or desired) arrival 
point B and the actual arrival point of the UpPTS can be defined as the advanced 
T2d and the retarded T2c. The T2d and the T2c can have a value of 
-96 chips <, T2< 32 chips. The advanced “-96 chips” in the whole range is 

determined considering a guard period (GP) of FIG. 2.

The Tl measured by the UE and the T2 measured by the Node B can be 
used in measuring a propagation delay value between the UE and the Node B. 
The propagation delay between the UE and the Node B can be represented by

Equation (2)
Ttot = T1+T2

As shown in Equation (2), the Tl is defined as a value representing how 
many chips ahead of a reference (or desired) transmission point the UE has 
transmitted the UpPTS signal on a Node B’s time axis. Further, the T2 is defined 
as a difference between a reference (or desired) arrival point and an actual arrival 
point of the UpPTS on the Node B’s time axis.

Therefore, it is possible to measure a propagation delay value between 
the UE and the Node B by using the Tl measurable by the UE and the T2 
measurable by the Node B.
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The T2 measured by the Node B is transmitted to the UE using an 
FPACH message. Upon receiving the T2 from the Node B, the UE transmits an 
RACH message to the Node B by shifting the transmission point of the RACH 
message by the T2, so that the Node B can receive the RACH message which is 
expected to undergo propagation delay.

A shift in the transmission point shown in FIG. 4 will be represented by 
the following formula. For example, it will be considered that T2 is expressed 
with 8 bits. Then, a value that can be expressed with 8 bits is 28=256, and if a 
resolution is 1/2, the expressed value is represented by

Equation (3)
0½ Vi 255

It will be assumed herein that a range where it is possible to shift the 
transmission point determined based on the T2 measured by the Node B is 
-96 chips i T2<. 32 chips.

Since tide value is expressed with 8 bits, the range can be re-written as 
follows.

Equation (4)
-192<Ti64
T2=Tx^-

2
V = T+192

From Equation (4), a range of the T2 is represented by 

—- 96s T2< - 96. That is, if T2has avalue between-96 and — - 96, N is
2 2’ 2 

set to ‘O’, and the value ‘0’ is transmitted using 8 bits. Upon receiving the value 
‘O’, the UE can recognize that the T2 has a value between -96 and -^--96.

Al

To transmit RACH message, the UE first transmits the UpPTS signal. 
That is, when an upper layer creates the UpPTS signal and transmits an RACH 
message request to a physical layer, the physical layer of the UE transmits the
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UpPTS signal. When the UpPTS signal is transmitted in this manner, it can be 
assumed that the RACH message has been previously created. However, since 
the UE receives the T2 after transmitting the UpPTS signal, the UE cannot add 
the T1 and the T2 to the RACH message. Therefore, it is not possible to transmit 

5 the propagation delay value measured using the T1 and the T2, through the 
RACH message. However, the T1 is a value that can be determined by the UE 
before transmitting the UpPTS signal. Therefore, the T1 can be added to the 
RACH.

10 The present invention provides a method for transmitting T1 measurable
by the UE and T2 measurable by the Node B to the SRNC. The T1 measurable 
by the UE, as stated above, can be added to the RACH message. That is, the UE 
calculates the T1 by measuring an attenuation caused by a path loss of a signal 
transmitted over the P-CCPCH before constructing the RACH message, and then 

15 adds the calculated T1 to the RACH message as shown in Table 1. The T1 can be
added to signaling data of the RACH message. It is noted from Table 1 that an 
information element “measured results on RACH” is included in several 
messages such as a cell update message. The messages are transmitted from the 
UE to the Node B through the RACH, and the messages include the T1 

20 information. The Node B transmits the RACH message to the SRNC along with 
the T2 information.

As another method, the UE can also transmit the RACH message along 
with both the T1 information and the T2 information. That is, the UE calculates 

25 the T1 by measuring an attenuation of a signal transmitted over the P-CCPCH 
before constructing the RACH message, and then transmits the UpPTS signal by 
shifting the transmission point by the Tl. The Node B then calculates the T2 by 
receiving the UpPTS signal, and informs the UE of the calculated T2 using an 
FPACH message. Upon receiving the T2, the UE creates an RACH message 

30 including the Tl and the T2, and transmits the created RACH message to the 
Node B. The Node B transmits the RACH message with the Tl and the T2 to the 
SRNC. Thus, the SRNC can recognize the round trip delay value.

FIG. 9 illustrates an operation of the UE for measuring a propagation 
35 delay value according to an embodiment of the present invention. It is assumed 

in FIG. 9 that the UE transmits the UpPTS signal by shifting the transmission 
point by Tl using the method shown in FIG. 11A.
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Referring to FIG. 9, in step 901, the UE is synchronized with the Node B 
using a DwPTS signal. In this process, the UE is time-aligned with the Node B. 
After being synchronized with the Node B in the step 901, the UE receives P- 
CCPCH transmitted by the Node B in step 902, and then analyzes BCH included 

5 in the received P-CCPCH in step 903. The BCH is a channel for transmitting 
system information from the Node B to the UE. The system information includes 
information on transmission power of the P-CCPCH transmitted from the Node 
B. The UE can calculate a path loss between the Node B to the UE by comparing 
tiie transmission power information of the P-CCPCH with reception power of the 

10 P-CCPCH. After calculating the path loss between the Node B and the UE, the 
UE calculates an estimated round trip delay value Tl using the path loss and 
determines a transmission point of an UpPTS signal using the calculated Tl, in 
step 904. The UE adds the calculated Tl to an RACH signaling message in step 
905. The RACH signaling message may include Uplink Direct Transfer, Cell 

15 Update, Initial Direct Transfer, RRC Connection Re-establishment Request, and 
RRC Connection Request messages, and the Tl is added to the RACH message. 
The RACH signaling message filled with the Tl is shown Table 1, by way of 
example. The UE transmits the UpPTS signal at the determined transmission 
point in step 906. After transmitting the UpPTS signal, the UE receives an 

20 FPACH signal transmitted from the Node B in response to the UpPTS signal, in 
step 907. The FPACH signal includes the T2 calculated by the Node B in the step 
906 by receiving the UpPTS signal transmitted from the UE. Upon receiving the 
FPACH signal, the UE determines a transmission point of a physical random 
access channel (PRACH) using the T2 analyzed from the FPACH signal, in step 

25 908. The term “PRACH” used in the future mobile communication system is a
physical channel for transmitting the RACH. In step 909, the UE transmits the 
RACH signaling message with the Tl through the PRACH at the transmission 
point determined based on the T2.

30 FIG. 10 illustrates an operation of the Node B for measuring a
propagation delay value in an NB-TDD CDMA mobile communication system 
according to an embodiment of the present invention.

Referring to FIG. 10, the Node B receives the UpPTS signal transmitted 
35 from the UE in step 1001, and then calculates T2 based on a difference between a 

reference (or desired) arrival point and an actual arrival point of the UpPTS 
signal in step 1002. Thereafter, in step 1003, the Node B transmits the FPACH 
signal in a given downlink time slot period. The FPACH signal includes the T2.
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In step 1004, the Node B receives the RACH message that the UE has 
transmitted at the transmission point controlled based on the T2 transmitted 
through the FPACH signal. The received RACH message includes an RACH 
signaling message. In step 1005, the Node B includes information on the T2 in a 

5 payload of the RACH signaling message and adds a header thereto, thus 
constructing an RACH signaling frame. In step 1006, the Node B transmits the 
RACH signaling frame with the T2 information to the SRNC. A format of the 
RACH signaling frame with the T2 is illustrated in FIG. 6, by way of example. 
Upon receiving the RACH signaling frame transmitted in the step 1006, the 

10 SRNC calculates a propagation delay value between the Node B having 
transmitted the RACH signaling frame and the UE having transmitted the RACH 
signaling message, using the T1 and tiie T2 included in the received RACH 
signaling frame. The SRNC calculates a round trip delay value based on the 
calculated propagation delay value.

15
The present invention has provided the method for measuring the round 

trip delay value or the propagation delay value, using a process for transmitting 
the RACH message. However, in an alternative embodiment, it is also possible to 
calculate a relatively exact round trip delay value or propagation delay value, 

20 even when communication between the UE and the Node B is performed through 
a dedicated channel (DCH). In this case, the measured round trip delay value or 
propagation delay value can be used for a location service of the UE. The “DCH” 
is a channel for transmitting user information or control information from the 
upper layer. When the NB-TDD CDMA mobile communication system performs 

25 communication using the DCH, the UE continuously controls a transmission 
point of an uplink DCH by synchronization shifting (SS). The SS technique 
controls the transmission point of the uplink DCH from the UE, so that the uplink 
DCH should be received at the Node B exactly at the boundary of the uplink time 
slot for the Node B. The procedure for exactly aligning the arrival point of the 

30 uplink channel in the Node B is called a “time advance procedure”. The 
transmission point of the UE controlled by the time advance procedure is applied 
to a transmission point of the uplink channel after the arrival point of the 
downlink channel received from the Node B. When the applied time is called “T”, 
the T becomes a round trip delay value between the UE and the Node B. 

35 Therefore, the propagation delay value becomes T/2. The round trip delay value 
of the propagation delay value can be transmitted through a dedicated 
measurement report during communication through the DCH. The dedicated 
measurement report is transmitted to the SRNC. In the method for measuring the
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propagation delay value or the round trip delay value during communication 

through the DCH, the UE personally measures the propagation delay value.

In the WB-TDD CDMA mobile communication system, the SRNC

5 measures the propagation delay value, and in the FDD CDMA mobile 

communication system, the Node B measures the propagation delay value. 

However, in the NB-TDD CDMA mobile communication system, the UE can 

personally measure the propagation delay value or the round trip delay value 

based on the information used in the time advance procedure. In addition, the

10 SRNC requests the UE to report the propagation delay value or the round trip 

delay value using the dedicated measurement procedure, and at the request of the 

SRNC, the UE calculates the propagation delay value or the round trip delay 

value and reports a message including the calculated value to the SRNC through 

the dedicated measurement report.

15

The calculated round trip delay value can be used to determine 

transmission power when the SRNC transmits FACH data to the UE. That is, the 

SRNC informs the Node B of transmission power of FACH data, so that the 

Node B can transmit the FACH data to the UE at preferred transmission power.

2 0 In addition, the round trip delay value can also be used in estimating a location of 

the UE. Further, the present invention provides a method for measuring the 

propagation delay value or the round trip delay value while the dedicated channel 

is established.

25 While the invention has been shown and described with reference

to a certain preferred embodiment thereof, it will be understood by those skilled 

in the art that various changes in form and details may be made therein without

departing from the spirit and scope of the invention as defined by the appended

H:\flanagan\keep\SPECIFICATIONS\23145-02-doc 23/01/03
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It is to be understood that, if any prior art publication is referred to 

herein, such reference does not constitute an admission that the publication forms 

a part of the common general knowledge in the art, in Australia or any other 

country.

For the purposes of this specification it will be clearly understood 

that the word “comprising” means “including but not limited to”, and that the 

word “comprises” has a corresponding meaning.

H:\flanagan\keep\SPECIFICATIONS\23145-02.doc 23/01/03
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WHAT IS CLAIMED IS:

1. A method for measuring a propagation delay value of a frame 
transmitted by a UE (User Equipment) to a Node B in a TDD (Time Division 
Duplexing) mobile communication system including a frame divided into two 
sub-frames, each of the sub-frames having a plurality of time slots and also 
having a downlink pilot time slot and an uplink pilot time slot, both intervening 
between a first time slot and a second time slot of the plurality of time slots, the 
system also including the Node B for transmitting the frame fixed to a time axis, 
and the UE for transmitting a propagation-delayed frame in response to the frame 
received from the Node B, the method comprising the steps of:

acquiring synchronization with the Node B based on a downlink pilot 
channel signal transmitted in a period of the downlink pilot time slot, and 
determining an estimated round trip delay value Tl by comparing transmission 
power of a physical common channel signal in the first time slot with reception 
power of the physical common channel signal;

transmitting an uplink pilot channel signal by applying the estimated 
round trip delay value T1 to a desired transmission point of the uplink pilot 
channel signal;

receiving a transmission point correcting value T2 through a forward 
physical access channel (FPACH) signal transmitted from the Node B in a period 
of one downlink time slot among the time slots; and

transmitting a physical random access channel (PRACH) message with 
the estimated round trip delay value T1 at a transmission point determined based 
on the transmission point correcting value T2 and the estimated round trip delay 
value Tl, so that the PRACH message is received at the Node B at a start point 
of a period of one uplink time slot among the time slots.

2. The method as claimed in claim 1, wherein the transmission 
power of the physical common channel signal is determined based on system 
information provided through a broadcast channel in the physical common 
channel signal.

3. The method as claimed in claim 1, wherein the estimated round 
trip delay value Tl is determined based on a path loss determined by comparing 
the transmission power the physical common channel signal with the reception 
power of the physical common channel signal.
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4. The method as claimed in claim 1, wherein the desired 
transmission point of the uplink pilot channel signal is determined based on the 
acquired synchronization.

5 5. The method as claimed in claim 1, wherein the transmission
point correcting value T2 is determined based on an offset between an arrival 
point of the uplink pilot time slot and a desired arrival point of the uplink pilot 
time slot.

10 6. The method as claimed in claim 5, wherein the desired arrival
point is identical to a start point of a period of the uplink pilot time slot

7. The method as claimed in claim 6, wherein the transmission 
point correcting value T2 is determined within a range of -96 chips to 32 chips.

15
8. The method as claimed in claim 7, wherein the -96 chips are 

determined considering a guard period existing between the downlink pilot time 
slot and the uplink pilot time slot.

9. The method as claimed in claim 1, wherein a transmission point 
20 of the PRACH message is determined by a sum of the estimated round trip delay

value TI and the transmission point correcting value T2.

10. A method for measuring a propagation delay value of a frame 
transmitted by a Node B to a UE (User Equipment) in a TDD (Time Division

25 Duplexing) mobile communication system including a frame divided into two 
sub-frames, each of the sub-frames having a plurality of downlink time slots, a 
plurality of uplink time slots, a downlink pilot time slot and an uplink pilot time 
slot, and further including the Node B for transmitting a physical common 
channel signal in a period of a first time slot of the sub-frame, and the UE for 

30 calculating an estimated round trip delay value TI based on a path loss of the 
physical common channel signal and transmitting the uplink pilot time slot by 
applying the calculated round trip delay value TI, the method comprising the 
steps of:

determining a transmission point correcting value T2 based on an offset 
35 between an arrival point of an uplink pilot channel signal and a desired arrival 

point of the uplink pilot channel signal in the uplink pilot time slot period;
including the transmission point correcting value T2 in a forward 

physical access channel (FPACH) signal, and transmitting the PFACH signal to
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the UE in a period of one downlink time slot among the downlink time slots;
receiving a physical random access channel (PRACH) message with the 

estimated round trip delay value Tl, transmitted from the UE at a transmission 
point determined based on the transmission point correcting value T2 and the 

5 estimated round trip delay value Tl, in a period of one uplink time slot among 
the uplink time slots; and .

transmitting the estimated round trip delay value Tl and the transmission 
point correcting value T2 included in the PRACH message to a radio network 
controller (RNC) to which the UE belongs, along with an RACH signaling 

10 message, so that the RNC determines a round trip delay between the Node B and 
theUE.

11. The method as claimed in claim 10, wherein the desired arrival 
point is identical to a start point of a period of the uplink pilot time slot.

15 .
12. The method as claimed in claim 10, wherein the transmission 

point correcting value T2 is determined within a range of -96 chips to 32 chips.

13. The method as claimed in claim 12, wherein the -96 chips are 
20 determined considering a guard period existing between the downlink pilot time

slot and the uplink pilot time slot.

14. The method as claimed in claim 10, wherein the round trip delay 
value is determined by a sum of the estimated round trip delay value Tl and the

25 transmission point correcting value T2.

15. A method for measuring a propagation delay value of a frame 
exchanged between a UE (User Equipment) and a Node B in a TDD (Time 
Division Duplexing) mobile communication system including a frame divided

30 into two sub-frames, each of the sub-frames having a plurality of downlink time 
slots, a plurality of uplink time slots, a downlink pilot time slot and an uplink 
pilot time slot, and further including the Node B for transmitting a physical 
common channel signal in a period of a first time slot of the sub-frame, and the 
UE for calculating an estimated round trip delay value T1 based on a path loss of 

35 the physical common channel signal and transmitting the uplink pilot time slot by 
applying the calculated round trip delay value Tl, the method comprising the 
steps of:

transmitting an uplink pilot channel signal from UE to the Node B at a
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transmission point determined by applying the estimated round trip delay value 
T1 to a desired transmission point of the uplink pilot channel signal;

determining by the Node B a transmission point correcting value T2 
based on an offset between an arrival point of the uplink pilot channel signal and 

5 a desired arrival point of the uplink pilot channel signal;
transmitting the determined transmission point connecting value T2 from 

the Node B to the UE along with a forward physical access channel (FPACH) 
signal in a given downlink time slot period;

transmitting a physical random access channel (PRACH) message with 
10 the estimated round trip delay value T1 from the UE to the Node B at a 

transmission point determined based on the transmission point correcting value 
T2 and the estimated round trip delay value T1 received through the FPACH 
signal;

receiving by the Node B the PRACH message at a start point of a given 
15 uplink time slot period; and

transmitting the estimated round trip delay value T1 and the transmission 
point correcting value T2 included in the received PRACH message from the 
Node B to a radio network controller (RNC) to which the UE belongs, along with 
a random access channel (RACH) signaling message, so that the RNC 

20 determines a round trip delay between the Node B and the UE.

16. The method as claimed in claim 15, wherein the desired 
transmission point of the uplink pilot channel signal is determined based on 
acquired synchronization.

25
17. The method as claimed in claim 15, wherein the desired arrival 

point of the uplink pilot channel signal is identical to a start point of a period of 
the uplink pilot time slot.

30 18. The method as claimed in claim 15, wherein the transmission
point correcting value T2 is determined within a range of-96 chips to 32 chips.

19. The method as claimed in claim 18, wherein the -96 chips are 
determined considering a guard period existing between the downlink pilot time

35 slot and the uplink pilot time slot.

20. The method as claimed in claim 15, wherein a transmission point 
of the physical random access channel (PRACH) message is determined by a
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sum of the estimated round trip delay value T1 and the transmission point 
correcting value T2.

21. An apparatus for measuring a propagation delay value of a frame 
exchanged between a UE (User Equipment) and a Node B in a TDD (Time 
Division Duplexing) mobile communication system including a frame divided 
into two sub-frames, each of the sub-frames having a plurality of downlink time 
slots, a plurality of uplink time slots, a downlink pilot time slot and an uplink 
pilot time slot, and further including the Node B for transmitting a physical 
common channel signal in a period of a first time slot of the sub-frame, and the 
UE for calculating an estimated round trip delay value T1 based on a path loss of 
the physical common channel signal and transmitting the uplink pilot time slot by 
applying the calculated round trip delay value Tl, the apparatus comprising:

the UE for transmitting an uplink pilot channel signal at a transmission 
point determined by applying the estimated round trip delay value Tl to a desired 
transmission point of the uplink pilot channel signal, and transmitting a physical 
random access channel (PRACH) message with the estimated round trip value Tl 
at a transmission point determined based on the transmission point correcting 
value T2 and the estimated round trip delay value Tl received through a forward 
physical access channel (FPACH) signal;

the Node B for determining the transmission point correcting value T2 
based on an offset between an arrival point of the uplink pilot channel signal and 
a desired arrival point of the uplink pilot channel signal, transmitting the 
determined transmission point correcting value T2 along with the FPACH signal 
in a given downlink time slot period, and transmitting the estimated round trip 
delay value Tl and the transmission point correcting value T2 included in the 
PRACH message received at a start point of a given uplink time slot period to a 
radio network controller (RNC) along with an RACH signaling frame; and

the RNC for receiving the RACH signaling frame and determining a 
round trip delay between the UE and the Node B based on the estimated round 
trip delay value Tl and the transmission point correcting value T2 included in the 
received RACH signaling frame.

22. The apparatus as claimed in claim 21, wherein the desired 
transmission point of the uplink pilot channel signal is determined based on 
acquired synchronization.

23. The apparatus as claimed in claim 21, wherein the desired arrival
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point of the uplink pilot channel signal is identical to a start point of a period of 

the uplink pilot time slot.

24. The apparatus as claimed in claim 21, wherein the

5 transmission point correcting value T2 is determined within a range of-96 chips 

to 32 chips.

25. The apparatus as claimed in claim 24, wherein the -96 chips 

are determined considering a guard period existing between the downlink pilot

10 time slot and the uplink pilot time slot.

26. The apparatus as claimed in claim 21, wherein a 

transmission point of the physical random access channel (PRACH) message is 

determined by a sum of the estimated round trip delay value T1 and the

15 transmission point correcting value T2.

27. A method as claimed in any one of claims 1 to 20, and 

substantially as herein described with reference to the accompanying drawings.

20 28. An apparatus as claimed in any one of claims 21 to 26, and

substantially as herein described with reference to the accompanying drawings.

Dated this 23rd day of January 2003

25 SAMSUNG ELECTRONICS CO., LTD.

By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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