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(57) Abstract: In an illustrative embodiment of the present invention, a reference signal including pilot information is transmitted

ple field units over a pilot channel. A message is also sent to the field units over a paging channel

to indicate an effective radiated power level at which the reference signal is transmitted on the pilot channel. Based on a received
power level of the reference signal at a field unit and the effective radiated power level of the reference signal, a forward path loss is
o estimated at the field uvnit for the forward link between the base station and field unit. Assuming the path loss in the reverse link is

approximately the same as the estimated forward link path loss, the field unit can transmit a reply message in the reverse link so that
the base statton generally receives a message at the desired power level.
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ERSE LINK INITIAL POWER SETTING
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BACKGROUND OF THE INVENTION

A specific protocol has been developed for allowing

multiple users to transmit over a shared radio channel.

For example, the IEEE (Institute of Electrical and

Electronics Engineers) 802.11 Standard generally

supports access to radio channels based on a method
known as Carrier Sense Multiple Access with Collision
Avoidance (CSMA/CA) .

In simple terms, this method is based on a “listen

before talk” scheme. A transmitter device monitors

=

traffic on a shared radio channel to determine if

another transmitter device is presently transmitting on

=

the same channel. If the radio channel is in use, the

transmitter device will continue to monitor the channel

until it is clear. When the radio channel is finally

clear, the transmitter will then transmit over the radio

channel.

Ideally, another transmitter device will not

simultaneously transmit during the same time. However,

a collision can occur on the radio channel when two or

more transmitter devices transmit on the radio channel

simultaneously. Consequently, neither message

transmission would be intelligible and both transmitter

devices must re-transmit their messages again to a

corresponding target device.

Based on this CSMA/CA scheme, re-transmigssion of

data due to a collision cannot occur before a minimum

time gap. After the minimum time gap has passed, the

transmitter device selects a random “backoff interval,”

which 1s the wait time before the radio channel is again

monitored to determine whether the radio channel is
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subsequent message transmission. This process is

repeated until the transmitter device is able to

transmit data.

Another standard for transmitting data on a shared

radio channel is based on IS-95, in which multiple field

units can transmit at the same time.

The IS-95 standard suggests a method of ramping RF

p=s

power of a field unit until a message from the field

unit 1s transmitted at a power level that is detectable

at a base station. According to this method, a field

R

unit transmits an access request message to a base

P

station for the assignment of wireless resources on a

reverse link.

After transmitting an access request message on an

access channel, the field unit monitors a paging channel

for an acknowledgment message from the base station

indicating that the access request message was properly

recelived. If no acknowledgment message is sent to the

requesting field unit, it is presumed that the message

from the field unit was not transmitted at an

appropriate power level. That is, the power output

level of the field unit i1s so low that the bagse station

did not detect a previously transmitted access request

message. The access request message is then re-

transmitted over the access channel at a higher power

level.

This process 1s subsequently repeated until the

fleld unit transmits a message at a power level that is

high enough for the base station to properly receive the

E 802.11 standard, a

LL)

message. Similar to the IE]

colligsion can occur on the shared radio channel when two

or more field units simultaneously transmit a message.
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SUMMARY OF THE INVENTION

The present 1nvention is generally directed towards

'l

an apparatus and method for enhancing the utilization of

resources 1in a wireless communication system. In an

illustrative embodiment, a reference signal is

transmitted from a first transceiver to a second

transceiver or group of target transceivers. The first

transcelver also transmits a first message, which

includes information indicating an effective radiated

power level at which the first transceiver transmits the
the

i1}

reference signal. The received power level o:
reference signal is then measured at the second
transceiver to estimate a path loss between the first
transceliver and second transceiver. More sgpecifically,

a path loss can be calculated by comparing the received

power level of the reference signal with the effective

radiated power level information as indicated by the

first message.

A second message 1s optionally sent from the first

transceiver to the second transceiver. This second

message can include information indicating a desired

power level at which subsequent messages in a reverse

aad |

direction should be received at the first transceiver.

In certain applications, the forward path loss

between the first transceiver and second transceiver isg

approximately the same as a reverse path loss for

message transmissions from the second transceiver back

to the first transceiver. Consequently, the second

CLransceiver can adjust its power output level so that

the first transceiver receives a message at the desired

power level taking into account the estimated path loss

as previously discussed. Of course, the path ‘loss can

be different in the reversge link direction than that of

the forward link and an estimated power setting at which



CA 02401099 2002-08-22

WO 01/63781 PCT/US01/05939

10

15

20

25

30

the second transceiver transmits a message can be a

starting point for transmitting subsequent messages.

For example, the power output level of the second

transceiver can be increased for subsequent message

transmisgions until the first transceiver detects the

message.

=

In a specific application of the present invention,

the reference signal is transmitted over a pilot channel

of a CDMA (Code Division Multiple Access) communication

p—

system. The reference signal itself optionally includes

a marker such as pilot symbols that are monitored at a

second transceiver. The first message as transmitted by

the first transceiver can be transmitted over a paging

channel, while a reply message from the second

transceiver to the first transceiver can be transmitted

over an access channel 1n which multiple transceivers

compete to transmit messages to the first transceiver.

The access channel is optionally divided into time slots

in which a transceiver sends a message to the first

transceiver.
One message type that can be transmitted on the

access channel 1s an access reguest message. Such a

message 1s an indication to the first transceiver that a
more formal communication link should be established

between the first transceiver and second transceiver.

Consequently, the more formal communication link can be

allocated to support more efficient, on-demand data

transfers.

An access request message 1s optionally encoded so

that 1t includes timing alignment information. For

example, the first transceiver can analyze a reply

messadge such as an access reguest message including a

timing marker and provide feedback indicating whether

the reply 1s appropriately transmitted within a time
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reference marker for timing alignment. In one
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application, a reference marker is a string including

pilot information such as one or multiple pilot symbols.

Tn addition to moni:

coring the timing of a reply

message, the received power level of a reply message can

be monitored to determine whether a transceiver is

transmitting a message so that it is received at a

degired power level. This can be achieved by comparing

desired power level at which

recelived.

a power level at which a reply message is received to a
che reply message should be

Based on this comparison, a power adjustment

message 1s optionally transmitted to a corresponding

target

transceiver can be optimally adjusted bs

transceiver. Thus, subseguent message

conditions of the wireless communication system at

instant in time.

transmiggsions from a second transceiliver to the first

sed on operating

all

Certain aspects of the present invention reduce co-

channel interference and generally increase the

Chroughput capability of a wireless communication

system

output

. As previously discussed, an initial power

level of a field unit can be adjusted so tha

minimally interferes with others when it initially

it

L

transmits messages or transmits subsequent messages.

When message transmisgsions on an allocated channel such

as an access channel are minimized, more wireless

resources can otherwise be allocated for supporting

higher

system

Of course,

speed data transfers in a wireless communication

not de:

In this case,

the initial power output level of a

field unit can be so low that a message transmission is

C10n.

cected at a target device such as a base sta:

a power output level can be increased
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accordingly for subseguent message transmissions until

r—

the message 1s detected at a target transceiver. This

process of incrementally increasing the power level can

be a time consuming process, especially if the power

output of the transceiver were to start transmitting at

a lowest possible power level. Thus, it can take a

considerable amount of time to successfully transmit a

message to a target receiver such as a base station.

The principles of the present invention can be used

to simultaneously reduce the effective time it takes to

transmit a message to a base station while minimally

interfering with other channels of the wireless

communication system. This is achieved, at least in

part, by approximating a path loss between a field unit

and base station and transmitting a message from the

field unit so that a message is received at a desired

power level at the base station. Since the initial

power setting of the field unit is approximately set to

a detectable power level for data transmissions to a

target receiver, 1t typically requires less time to

transmit an initial message to a target receiver when

power 1s 1ncrementally increased so that a message is

eventually detected.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 i1s a bock diagram of an illustrative

wireless communication system according to certain

—
—_

principles of the present invention.

Fig. 2 1s a timing diagram illustrating multiple

channels on which messages are transmitted according to

certain principles of the present invention.

Fig. 3 is a timing diagram illustrating a use of

data fields within a time-slotted channel according to

pr—

certain principles of the present invention.
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Fig. 4 1s a pictorial diagram illustrating details

of a message according to certain principles of the

present invention.

Fig. 5 is a flow chart for processing messages at a

5 target receilver according to certain principles of the

present invention.

Fig. 6 1s a flow chart for transmitting messages to

a target receiver according to certain principles of the

present invention.

10 Fig. 7 1s a timing diagram illustrating multiple

s

channels on which messages are transmitted according to

certain principles of the present invention.

Fig. 8 1s a diagram of a monitored reference signal

—

gu—

according to certain principles of the present

15 i1nvention.

Fig. 9 is a flow chart for setting an initial power

output level of a transmitter device according to

F
b

certain principles of the present invention.

The foregoing and other objects, features and

20 advantages of the invention will be apparent from the

following more particular description of preferred

-

embodiments of the invention, asg illustrated in the

accompanying drawings in which like reference characters

refer to the same parts throughout the different views.

25 The drawings are not necessarily to scale, emphasis

il

instead being placed upon illustrating the principles of

the 1invention.

DETATL.

44

D DESCRIPTION OF THE INVENTION

A description of preferred embodiments of the

30 i1invention follows.

Fig. 1 is a block diagram illustrating a wireless

communication system supporting the transmission of data

information over multiple allocated communication
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channels according to certain aspects of the present

invention. As in many wireless communication systems,

users compete for wireless bandwidth allocation. Hence,

1t is desirable that the wireless communication 10 ig

5 optimized for data throughput and, in certain

applications, hi-speed bursts of data throughput.

Certain aspects of the present invention are based

on the recognition that the power output of a field unit

Cransmitting over a wireless channel can be controlled

10 so that it minimally interferes with other field units

using the same general wireless airspace. In

al

particular, a power output level of a newly transmitting

field unit is initially set so low that a base station

may not detect messages transmitted by the field unit.

15 This initially low power setting of a field unit reduces

co-channel interference because the transmitter device

1s not transmitting at excessive power levels. During

subsequent communication attempts with the base station,

~

the power output of a field unit is then ramped up until

20 messages are acknowledged at the base station.

In one application, one or multiple field units

randomly transmit messages on a first allocated channel.

When two field units transmit a message simultaneously

on this first allocated channel, there can be a message

25 collision at the base station. The base station may be

able to detect that a message was transmitted by a field

unit and there was a message collision. However, the

base station may not be able to decipher the contents of

the message and determine from which field unit

30 transmitted a message. Thus, in certain situations, the

base station can not transmit a message directed

specifically to a particular field unit indicating that

a collision occurred for a previous message

transmission.
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One aspect of the present invention involves

providing general feedback information to the field

units indicating that a collision was detected.

Congsequently, a previous undetected message can be re-

Lransmitted by a field unit. If there was no collision

detected and no acknowledgment received by the filed

unit, the field unit can successively ramp up its power

output setting for subsequent message transmission

attempts to ensure that a message will eventually be

acknowledged by the base station.

According to the following description of a

preferred embodiment, communication system 10 is

described ags a wirelegs communication link such ag a

CDMA radio channel utilizing shared channel resources.

However, i1t should be noted that the techniques
described herein can be applied in other applications
supporting shared access. For example, the principles

of the present invention can be applied to other general

applications such as telephone connections, computer

network connections, cable connections, or other

physical media to which allocation of resources such as

data channels are granted on an as-needed basis.

As shown, communication system 10 includes a number

p—
r—

of Personal Computer (PC) devices 12-1, 12-2, ... 12-h,

12-m, corresponding field units or terminals 14-1,
14-2, ... 1l4-h, ... 1l4-m, and associated directional

antenna devices 16-1, 16-2, ... 16-h, ... 16-m.

Centrally located equipment includes a base station

antenna 18, and a corresponding base station 20 that

includes high speed processing capability.

Base station 20 and related infrastructure provides

connections to and from a network gateway 22, network 24

such as the Internet, and network file gerver 30.

Communication system 10 is preferably a demand access,
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point to multi-point wireless communication system such

that the PC deviceg 12 can transmit data to and receive

data from network server 30 based on a logical

connection including bi-directional wireless connections

implemented over forward links 40 and reverse links 50.

That is, in the point to multi-point multiple access

wireless communication system 10 as shown, a given base

station 20 typically supports communication with a

number of different field units 14 in a manner which is

similar to a cellular telephone communication network.

Accordingly, system 10 can provide a framework for a

CDMA wireless communication system where digital

information is relayed on-demand between multiple mobile

cellular users and a hardwired network 24 such as the

Internet.

PC devices 12 are typically laptop computers,

handheld units, Internet-enabled cellular telephones,

Personal Digital Assistant (PDA)-type computers, digital

processors or other end user devices, although almost

any type of processing device can be used in place of PC

devices 12. One or multiple PC devices 12 are each

connected to a respective subscriber unit 14 through a

suitable hard wired connection such as an Ethernet-type

connection via cable 13.

Each field unit 14 permits its associated PC device

12 access to network file server 30. In the reverse

link 50 direction, that is, for data traffic transmitted

from the PC 12 towards the server 30, the PC device 12

transmits information to field unit 14 based on, for

example, an Internet Protocol (IP) level network

packets. The field unit 14 then encapsulates the wired

framing, i.e., Ethernet framing, with appropriate

wireless connection framing so that data packets can be

transmitted over the wireless link of communication
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system 10. Based on a selected wireless protocol, the

appropriately formatted wireless data packet then

travels over one of the radio channels that comprise the

reverse link 50 through field unit antenna 16 to base

station antenna 18. At the central base station

location, the base station 20 then extracts the radio

link framed data packets and reformats the packets into

an IP format. The packets are then routed through

gateway 22 and any number or type of networks 24 to an

ultimate desgstination such as a network file gserver 30.

In one application, information generated by PC

device 12 is based on a TCP/IP protocol. Consequently,
a PC device 12 has access to digital information such as

web pages availlable on the Internet. It should be noted

that other types of digital information can be

transmitted over channels of communication system 10

based on the principles of the present invention.

Data information can also be transferred from the

network file server 30 to PCs 12 on forward link 40. In

this instance, network data such as IP (Internet

Protocol) packets originating at file server 30 travel

on network 24 through gateway 22 to eventually arrive at

base station 20. As previously discussed for reverse

link data transmissions, appropriate wireless protocol

framing 1s then added to raw data such as IP packets for

communication of the packets over wireless forward link

40. The newly framed packets then travel via an RF
signal through base station antenna 18 and field unit

antenna 16 to the intended target field unit 14. An

appropriate target field unit 14 decodes the wireless

packet protocol layer, and forwards the packet or data

packets to the intended PC device 12 that performs

further processing such as IP laver processing.
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A given PC device 12 and file server 30 can

gr—
pum—

therefore be viewed as the end points of a logical

connection at the IP level. Once a connection is

established between the base station processor 20 and

corresponding field unit 14, a user at the PC device 12

can then transmit data to and receive data from file

server 30 on an as-needed bagis.

Reverse link 50 optiomnally includes different types

of logical and/or physical radio channels such as an

access channel 51, multiple traffic channels 52-1,

52-m, and a maintenance channel 53. The reverse link

access channel 51 1s typically used by the subscriber

units 14 to request an allocation of traffic channels by

the base station 20. For example, traffic channels 52

can be assigned to users on an as-needed basis. The

assigned traffic channels 52 in the reverse link 50 then

carry payload data from field unit 14 to base station
20 .
Notably, a given link between base station 20 and

field unit 14 can have more than one traffic channel 52

assigned to it at a given instant in time. This enables

the transfer of information at higher rates.

Malntenance channel 53 can be used to carry

maintenance information such as synchronization and

power control messages to further support transmission

of digital information over both reverse link 50 and

forward link 40.
Forward link 40 can include a paging channel 41,

which is used by base station 20 to inform a field unit

r—

14 of general information such as that one or multiple

g

forward link traffic channels 42 have been allocated to

it for forward link data transmissions. Traffic

channels 42-1 ... 42-n on the forward link 40 are used
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to carry payload information from base station 20 to a

corresponding target subscriber unit 14.

Maintenance channel 43 can be used to transmit

synchronization and power control information on forward

5 1link 40 from base station processor 20 to field units

14. Additionally, paging channel 41 can be used to

inform a field unit 14 of allocated traffic channelg 52

1n the reverse link 50 direction.

Traffic channels 42 of the forward link 40 can be

10 shared among multiple subscriber units 14 based on a

Time Division Multiplexing scheme. Specifically, a

forward link traffic channel 42 is optionally

partitioned into a predetermined number of periodically

repeating time slots for transmission of data packets

15 from the base station 20 to multiple subscriber units

14. It should be understood that a given subscriber

unit 14 can, at any instant in time, have multiple time

slots or no time slots assigned to it for use. 1In

certain applications, an entire time-slotted forward or

20 reverse link traffic channel can also be assigned for

use by a particular field unit 14 on a continuous basis.

Fig. 2 1s a timing diagram illustrating multiple

channels on which messages are transmitted between a

base station 20 and field units 14 according to certain

R

25 principles of the present invention. As shown, field

units 14 can transmit messages to base station 20 over a

dedicated channel such as access channel 51. Access

channel 51 supports a transmission of access reguest

messages from a field unit 14 to base station 20. An

30 access request message can indicate a request by field

unit 14 for a high speed bi-directional communication
link.

Message transmissions over access channel 51 need

not be limited to access request type messages. For
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example, access channel 51 can be structured to support

-

other types of messages.

In the i1llustrative timing diagram as shown in Fig.

2, access channel 51 1s optionally partitioned into

5 periodically repeating time slots 210 in which messages

are transmitted from a field unit 14 to base station 20.

More specifically, an Epoch on the order of 26.6mS in

duration can be partitioned to include time slot #0 and

time slot #1 as shown. In this application, a field

10 unit or multiple field units 14 can randomly send

messages to base station 20 in either time slot of an

Epoch. Providing multiple time slots 210 in which a

field unit 20 can transmit a message renders it less

likely that two randomly transmitting field units 14

15 will transmit a message in a same time slot 210.

Depending on an application, a field unit 14 can be

synchronized with base station 20 using pilot channel 44

so that messages can be transmitted in a particular time

aslot 210.

20 When a collision occurs, i.e., two field units 14

transmit a message in the same time slot 210, a device

monitoring access channel 51 for such messages may not

VIl

be able to properly decode or decipher the content o:

either transmitted message. An indication of this

25 condition 18 transmitted to field units 14.

Feedback channel 45 1s provided so that base

station 20 can send feedback messages 230 to field units

14, At least a portion of the feedback channel 45 as

shown 1s reserved for transmitting general messages to

30 the collective field units 14 whether or not a message

collision occurred on access channel 51 in a previous

Epoch and, more particularly, that a message occurred in

a particular time slot 210.
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A feedback message 230 1s optionally a seguence O:

encoded information or single bit indicating whether a

collision occurred for a message transmitted to base

station 20 in a time slot 210. As shown, multiple

5 feedback messages 230 can be generated during a given

time duration such as an Epoch or half Epoch. For

example, feedback information such as feedback messages

230 can be transmitted in duration A of Epoch N+1 to

indicate that a collision occurred for the reception of

10 a message 210 in time slot #0 of Epoch N at base station

20. More sgpecifically, a logic 1 transmitted in each of
three feedback messages 230 of duration A can indicate
that a collision was detected while a logic 0 setting

can lndicate that no colligion was detected.

15 Transmitting multiple, spaced feedback messages 230

as shown for duration A provides redundancy to some

extent. For example, multiple messages 230 transmitted

in a given duration, such as duration A, can be part of

a redundantly transmitted message to increase the chance

20 that a field unit 14 will be properly notified whether a

collision occurs. Hopefully, at least one of the

multiple feedback messages 230 can be identified at a

field unit 14 even if a message transmission failure

occurs for some of the messages 230 in, for example,

25 duration A.
In a similar manner as previously discussed,
feedback messages 230 of feedback channel 45 transmitted

1n duration B of Epoch N+1 can indicate whether a

message collision is detected in time slot #1 of Epoch N

30 as monitored by base station 20.

In a reverse link direction, a message transmitted

by a field unit 14 to base station 20 on access channel

51 includes unique information such as the

identification number of the field unit 14 transmitting
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the message. In forward link direction, paging channel

4] supports message transmissions from base station 20

to field units 14, where the message transmissions are

typically directed to a specific field unit 14. Thus,

5 bage station 20 can respond to a field unit 14 that sent

a message on access channel 51 by transmitting a reply

message to the field unit 14 over paging channel 41.

Other link information forwarded on the paging channel

41 can be forwarded to a field unit 14 to establigh a

10 formal bi-directional link between base station 20 and

field unit 14.

ey

One type of message transmitted on paging channel

41 1s an ACK (acknowledgment) message 240. ACK messages

240 are sent by base station 20 to indicate that a

15 message received in a time slot 210 of access channel 51

was properly received. Similar to the feedback messages

230 on feedback channel 45, ACK messages transmitted to

a field unit 14 are also feedback messages. However, an

ACK message 240 indicates that a previous access request

20 message transmitted by a field unit 14 was properly

recelived. ACK message 240 can also indicate that a
formal communication link will be established with the

access requesting field unit 14. For instance, traffic

channels can be assigned to field unit 14 for
25 transmitting or receiving a data payload.

It should be noted that field units 14 optionally

transmit at such a low power output level that messages

transmitted in a particular time slot 210 are not

detected at base station 20. In this instance, a field

30 unit 14 can adjust its power output level for a

subsequent message transmission based on feedback

information received from base sgstation 20. More

specifically, a field unit 14 can adjust its power

output level depending on a feedback message 230 or ACK
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message 240 received on feedback channel 45 or paging

channel 41 respectively. Accordingly, the power output

level of a field unit 14 can be optimized so that it

minimally interferes with other field units 14

5 ‘transmitting information over a common radio frequency.

Although other message types can be supported, the

messages transmitted in a time slot 210 of access

channel 51 are typically access request messages

indicating that a field unit 14 would like to receive or

10 transmit data payload information on reverse link

traffic channels 52 or forward traffic channels 42.

One aspect of adjusting the power output of a field

unit 14 is to determine whether or not a collision was
detected for a previous message transmission from the

15 field unit 14 to base station 20. For example, if a

collision 1s not detected for a previously transmitted

message from a particular field unit 14, the power

output level for a subsequent message transmission from

the field unit 14, if any, can be increased so that base

20 station 20 1s more likely to detect the message

Cransmission. More specifically, the power output level

ghe—
b

of a field unit 14 can be increased a predetermined

amount such as +.5dB for a subsequent message

transmission if no collision was detected for a previous

25 message transmission.

In the event that a message transmission by a field
unit 14 does result in a collision due to multiple field

units 14 transmitting in a same time slot 210, the power

output level of the field unit 14 can be unchanged or

30 potentially reduced for a subsequent message

transmission since it is not known whether the message

Cransmission by a field unit 14 would have otherwise

been detected at base station 20 if only one field uni

{!

14 transmitted a message within a particular time slot
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210. Hence, one aspect of the present invention

involves adjusting the power output level of a field

unit 14 so that it minimally interferes with others

using the same radio channel.

This method of transmitting messages can be

particularly useful when a user first powers a field

unit 14 and must communicate with base station 20. For
example, it i1s undesirable in certain situations to

transmit a message at such a.high power output level

that such message transmissions cause other data

transmissiong on the radio channel to become corrupted

due to eXcesgssgilive noilise.

In a similar manner ag previously discussed, the

power output level of a field unit 14 can be adjusted

depending on whether base station 20 acknowledges

receipt of a message on access channel 51. Thus, if

field unit 14 does not detect a reply ACK message 240,

the power output level of field unit 14 can be increased

for subsequent message transmissions.

A maximum power adjustment level such as 60 dBm can

be selected in which the field unit 14 will discontinue

transmitting if no ACK message is received even at this

level.

A more sophisticated application of the present

invention can involve adjusting a power output level of

g

a field unit 14 depending on both a feedback message 230

indicating whether a collision was detected and an ACK

message 240 indicating that an access message was

acknowledged by base station 20. More specifically, a

field unit 14 can adjust its power output level for

subsequent message transmissions if no collision is

detected and no ACK message is received for a previously

transmitted message from a field unit 14. Otherwise,
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output level.

Regardless of which method

22
PCT/US01/05939

the field unit 14 can re-transmit at a previous power

18 used to adjust the

power output level, the power level gsetting at which

—

base station 20 acknowledges receipt of a message from a

field unit 14 can be used to determine power level

settings at which the field unit 14 must transmit other

information to base station 20.

For example, a message

from a field unit 14 can be transmitted using a

particular modulation rate during the initial message

transmigsion. The power output

level of subsequent

transmissions from the field unit 14 can be adjusted to

modulation rates. For example,

accommodate transmitting messages at dif

=
rukly

ferent

1t can be determined at

what power level a field unit should transmit on

gy
il

allocated tra:

fic channels using a different modulation

rate. A history of the power level output adjustments

are optionally maintained to track power adjustments and

determine at what power level a

monitoring device such

as base gstation 20 detects the transmission of a

message.

As previously discussed, one aspect of the present

invention involvesg re-transmitting a message from a

field unit 14 gso that it can be

detected at base station

20. A re-transmission is optionally based on a random

back off time so that a collision is less likely to

occur on a subsequent attempt to transmit a message.

Consider a situation where

two or more field units

14 transmit a message over access channel 51 and a

collision i1is detected at bage g

cation 20. As previously

discussed, a feedback message will be transmitted to the

field units 14 indicating that a collision occurred.

Both field units 14 must then re-transmit their

corresponding messages to base station 20.
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T'o avold another collision,

F
p—

"

field unit A and field unit

For example, if

PCT/US01/05939

the field units 14
f time relative to the previous

the collision occurred and

g
]

B transmit a message in time

slot #0 of Epoch N, field unit A will choose a back off

time such as 3 Epochs and re-

in time slot #0 of Epoch N+2.
A and B are less likely t

station 20 in time slot #

message re-transmission.

Fig. 3 1s a timing diagram illustra

pr—
papy

transmlt a message to base

1 of Epoch N+3 while field unit

B re-transmits a message based on a random back off time

Accordingly, field units

o0 cause another colligion for a

cing another

embodiment of the presgent invention for transmitting

feedback messages to field units 14.

An access channel

51 is partitioned so that a field unit 14 can transmit

an access probe or other message in a time slot 345. As

shown, feedback channel 355 is parti:

time slots TSHO, TSHI1,

Epoch.

I'S

2... TS#63 that

Cioned to i1nclude 64

repeat every

Fach time sgslot 315 of feedback channel 355

preferably includes a

data field supporting 16 bits of

information. In the specific application

P
p—

bits of information are reserved

as shown, ten

for a general message,

one bit 1g reserved as a collision detect bit 325 and

five bits are reserved for CRC (Cyclical.Redundancy

Check) data 328.

General mescsage 320 is optionally a message

directed to a particular

field unit 14. For example,

cach of multiple field units 14 can be assigned use of a

particular time slot 315 for receiving feedback

information from base station 20 to field units 14.

When assigned, a corresponding field unit 14 monitors an

appropriate time slot

315

to receive messs

ges from base
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station 20. One type of specific message in a time slot
315 1s feedback information to a field unit 14

indicating how its timing or power should be adjusted so

that messages transmitted from a field unit 14 are

5 properly received at base station 20.

Time slots 315 are optiomally unassigned and the

message itself can include an address to which field

unit 14 a message is directed. Thus, in a modified

embodiment, feedback messages can be transmitted

10 asynchronously to a field unit 14.

Collision detect bit 325 in a time glot 315 is a

single bit indicating whether a collision occurred in a

monitored time slot 345. More specifically, collision

detect bits 325 of time slot TSH#0, TSH#1... TSH#31 of

15 Epoch M can be used to indicate that a collision

occurred 1n access probe slot #0 of Epoch M-1.

]

Accordingly, this string of individual collision detect

bits 328 over multiple time slots can be set to a same

logic state indicating that a collision was detected.

2.0 In a similar manner, TS#32, TS#33... TS#63 of Epoch

M can be set appropriately to indicate whether a

collision occurred on access probe slot #1 of Epoch M-1.

Thus, a monitoring field unit 14 can determine whether a

collision occurred at base station 20 based on a single

25 bit, a sequence of multiple bits, or a sequence of
spaced bits.
CRC data 328 is also provided in a feedback message
360. The CRC data 328 1s optionally decoded at the

field unit 14 to ensure that a message 360 is properly

30 received at a field unit 14 and, more specifically, that

a particular collision detect bit 325 is properly

received. Other methods can also be used to engsure and

e

verify that a message and data is properly received at

field unit 14. For example, a message can be
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transmitted based on an FEC (Forward Error Correction)

code.

Fig. 4 1s a diagram illustrating a format for

Cransmitting messages over the access channel from a

field unit to a target receiver according to the

puing

principles of the present invention.

In one application, message 410 is transmitted by a

field unit 14 over access channel 51 and includes two

I

parts. As shown, a first part or preamble 415 of

message 410 1s a coded message indicating a regquest by

the field unit 14 for a communication link. Each field

unit 14 can transmit a message 410 having a commonly

coded preamble 415. Thus, if two field units 14

transmit a message including the same preamble message

415, base station 20 can determine that at least a

preamble message 415 was sent by at least one field unit

14. That 1s, the preamble message 415 as transmitted by

one field unit can overlap with the preamble message 415

as transmitted by another field unit 14 when multiple

messages 410 are transmitted in the same time slot.

Message 410 optionally includes a data payload 420

that 1s transmitted to base station 20. In one

application, data payload 420 includes the serial number

of the field unit 14 transmitting message 410.

Typically, some form of redundancy check information

such as CRC data is included with message 410 so that

base station 20 can determine whether message 410 is

properly received without errors.

If message 410 is received without errors, base

station 20 can respond accordingly to establish a link

with a field unit 14 and transmit a "non-colligion”

message on feedback channel 45 to the field units 14.

R

Alternatively, if message 410 includes an error free

preamble 415 but improperly received data payload
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base station 20 can deduce that two or

more transmitters sent a message at the same time. A

collision detection message is then transmitted over

feedback channel 45 indicating that a collision

occurred. Thus,

a target receiver such as base station

20 monitoring messages 410 can provide valuable feedback

to multiple transmitting field units 14 whether a

message collision occurs.

Another aspect of the present invention involves

coding a preamble 415 using pilot block 53 and Barker

e

code block 54. Based on this coding or use of a

sequence of symbols, a

field unit 14 can transmit a

message 410 to base station 20.

As shown, a preamble message 415 can include four

pilot blocks 53 and four Barker code blocks 54. The

Barker code blocks 54 assist base station 20 identify a

point where preamble 415 of a message 410 starts. In

other words, the information in the preamble 415 can be

used for timing purposes at the base station 20 to

asynchronously r

necessary that a

acelve

field

a message. Thus, it is not

unit 14 transmit a message 410 in

a time gslot 210 because base station 20 can be modified

to receive asynchronous messages.

However, in an application where messages 410

include Barker code blocks 54 that are transmitted in a

time slot 210, base station 20 can identify a received

message 410 even 1f a collision occurs because the

preamble 415 of a message 410 simultaneously transmitted

by multiple field units 14 in a time slot will overlap

and, thus, will be detectable at base station 20.

Each pilot block 53 includes a number of repeating

pilot symbols.

Prefers

bly, a pilot block includes 48

symbols that are used by a target receiver to decode

message 410.
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The second portion of a message 410 can include a

data payload 420 that is sent
Preferably, pilot symbols are

to base station 20.

also ingserted in the data

payload 420 portion of message 410 for assisting in

g

coherent demodulation of data

at a target receiver.

Pilot symbols typically include a series of positive

data bits and therefore do not themselves inherently

include timing information.

A Barker code block 54 as shown includes a

guiri

p—m

predetermined pattern of bit information. Use of BPSK

(Binary Phase Shift Keying) can be used to generate a

positive barker sequence 450,

+B, such as three positive

bits, followed by three negative bits, a positive bit, a

palr of negative bits, a positive bit and then a

negative bit respectively. A

Barker code sgeguence can

alternatively be negative such as a negative Barker

sequence, -B, further assisting in message processing at

a monitoring device.

Fig. 5 1s a flow chart illustrating a process for

monitoring a channel for messa

—

ges according to the

principles of the present invention.

Step 500 generally indicse

tes an entry point into

the flow chart. 1In step 510,

an access channel 51 1is

monitored for message transmissions such as access

request messages transmitted by a field unit 14. It is

then determined 1n step 520 whether the message includes

a Barker code or an appropriately received preamble 415

of a message 410. If no Barker code or preamble 415 is

detected in step 520, process

flow resumes at step 510

again. Alternatively, 1f a Barker code is detected in

step 520, the message 410 is further analyzed to

determine if a collision occurs in a time slot. That

is, it is determined whether at least a portion of data

in a received message 410 is corrupted.
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One way to determine 1f a message collision occurs

18 to verify that data in a message 410 was properly
recelved. This can be achieved by analyzing the

recelved message 410 according to redundancy check

5 1nformation. If the data in a message 410 is not

properly received at base station 20, a feedback message

1s transmitted by base station 20 over feedback channel

45 indicating that a collision was detected for a

previous access request message in step 540. Following

10 step 540, process flow resumes again at step 510.

If a collision is not detected for a particular

message 1n step 530, the message 410 is analyzed to

determine which of multiple field units 14 sent the

message. Followlng in step 550, an ACK message 240 is

15 sent to the requesting field unit 14 over the paging

channel 41. Also, a message is sent over the feedback

channel 45 indicating that no message collision occurred

p-

for the corresponding previous time slot 210 of access

channel 51. Filnally, a more formal link is established

20 with the access requesting field unit in step 560.

Fig. 6 1s a flow chart illustrating a process flow

at a field unit for transmitting a message to a target

receiver according to the principles of the present

invention. Step 600 generally indicates an entry point

25 1into the flow chart.

In step 620, the status of field unit 14 is

ot

monitored for an input by a user indicating that the

field unit 14 desgires to establish a communication link

with a target receiver such as base station 20. It is
30 then determined in step 620 whether the input indicates

that a field unit 14 desires to establish =a

F

communication link. If not, process flow again resumes

at step 610. If so, field unit 14 transmits an access

request message on the access channel 51 in step 630.
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Thereafter, the feedback channel 45 is monitored by a

field unit 14 1n step 640 for feedback information such

as collision detection messages.

If a collision 1s detected for a previous

5 transmission by a field unit 14 in step 650, process

flow continueg at step 660 where the power output level

1is not adjusted for the field unit 14 and a message 410

1s subsequently re-transmitted in step 630.

If a collision is not detected in step 650 as

10 1ndicated by a collision feedback message, it is

determined in step 670 whether an ACK message 240 1is

recelived at the field unit 14 over paging channel 41.

If so, a link is established between the field unit 14

—

and base station 20 in step 690. If not, the power

15 output level of the field unit 14 is increased in step

680 and process flow continues at step 630 to re-

transmit a message from the field unit 14 to base

astation 20.

Fig. 7 1s a timing diagram illustrating multiple

20 channels on which messages are transmitted among

g

transceivers according to the principles of the present

invention.

As previously discussed, one aspect of the present

invention involves setting a field unit 14 to an initial

25 power level so that it minimally interferes with other

users during a message transmission. Since power 1is

ramped up based on whether an access message 1s detected

at base station 20, it 1s preferable that the initial

power level of the field unit is reasonably near a power

30 level at which base station 20 will receive a message at

a desired power level. Consequently, a field unit 14

will be able to transmit a message to base station 20

and establish a more formal communication link in less

time since a power level output of field unit 14 will
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need only minimal adjustments so that a message is

recelved at base station 20.

One method for initially setting a power outpu

{1

[~

level of a field unit 14 involves transmitting a

5 reference signal 710 on pilot channel 44 from base

station 20. Preferably, the reference signal 710 is

CLransmitted at an appropriate power level so that

multiple field units 14 in a wireless airspace

monitoring the pilot channel 44 can identify the
10 reference signal 710 and measure a power level at which
1

includes pilot information such as a sequence of pilot

1t 1s receilved. In one application, reference signs

g

symbols, where the pilot symbols are defined by PN

(Pseudo Noise) codes. One or multiple pilot correlation

15 filters in field unit 14 is used to detect the pilot
symbols.
Each field unit 14 monitoring the pilot channel 44

typically includes a power detector circuit to measure a

power level of the received reference signal 710. For

20 example, the power detector is used to measure the

strongest pilot path of the received reference signal

71L0. This measurement ig used to estimate a forward

path loss between base station 20 and field unit 14.

The total received signal power level of the

H

25 reference signal 710 can be computed based on the sum o:

the magnitude squared of the I and Q channel. Power

measurements are optionally filtered for providing a

gy

better estimate of a received power level under fading

conditions.

30 As shown in Fig. 7, messages are transmitted on

paging channel 41 from base station 20 to field units

14. One such message is message A that includes

information indicating a power level at which reference

signal 710 is transmitted from base station 20. This




CA 02401099 2002-08-22

WO 01/63781 PCT/US01/05939

10

15

20

25

30

-28 -

gl

value can be expressed in dBm that already takes intc

account the gain of the base station antenna. Thus,

message A can i1nclude effective radlated power level

information at which bage station 20 transmits reference

signal 710. In harmony with the principles of the

present invention, additional messages such as antenna

galin information, offset information, correction

information and general information can be transmitted

to a field unit 14.

Field unit 14 decodes message A to determine a

power level at which reference signal 710 is

transmitted. The forward path loss between base station

20 and field unit 14 is then determined by comparing the

received power level of the reference signal 710 at

field unit 14 with the effective radiated power level as

indicated by message A.

The calculated forward path loss can then be used

]

o estimate a reverse path loss between field unit 14

and base station 20. For example, the reverse path loss

1s estimated to be about the same as the forward path

loss, although it is probably at least slightly

different. This estimated path loss is used to

determine an 1nitial setpoint at which messages can be

transmitted from field unit 14 to base station 20.

Consider a case where basge station 20 transmits a

reference signal 710 at an effective radiated power

level of 55 dBm. As discussed, this information is sent

to field units 14 via message A generally broadcasted on

the paging channel 41. TIf the received power level of

the reference signal 710 is 22 dBm, the forward path

loss 1s calculated as 55-22 dBm, or forward path loss =

33 dBm. Based on this path loss, a field unit 14 can

estimate a reasonable power output level for a
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subsequent attempt to transmit a message to base station

20.

Additional messages can be sent on paging channel

41 from base &

cation 20 to field units 14. For example,

message B 18 also generally transmitted to field units

over paging channel 41. Message B preferably includes

encoded information indicating a desired power level at

which bage gta!

cion 20 will receive subsequent messages

from a field unit 14. This information can also be a

specific message directed transmitted to a particular

field unit 14.
information to

be transmitted

Thus, a field unit 14 can use the

estimate at what level a message should

so that a message i1s received at the

desired power level. 1In a case where message B

indicates a desired power level of 12 dBm and the

forward path loss is approximately 33 dB as discussed,

field unit 14 can attempt to transmit a message at 33 +

12 dBm, or 45dBm, to base station 20.

Notably, the reverse path loss may be much more

than 33 dBm as

estimated. In such a situation, base

station would not necessarily detect a message

transmitted by

field unit 14. As previously discussed,

however, the power output setpoint of 45 dBm can be a

starting point

messages 750 are transmitted over access channel 51.

a collision is

ACK message 24

at which messages such as access request

)

not detected at bagse station 20 and no

0 1s received over paging channel 41, the

powexr output of field unit 14 can be increased by 1 dBm

message. This

Lo 46 dBm for a subsequent attempt to transmit a

procedure of adjusting the power output

level of a field unit 14 can be repeated until a message

18 detected at

Messages

monltored to determine a power level at which a message

base gtation 20.

transmitted to base station 20 can also be
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1s received from a field unit 14. To achieve this end,

a message such as message C can include pilot

P

information such as a pilot symbol or sequence of pilot

symbols. Pilot correlation filters are then used to

5 1dentify the strongest divérsity path and side paths as

shown in Fig. 8. One or multiple paths are then used to

determine a power level at which the message is received

at base station 20 on access channel 51. To ensure that

a message C 1is properly received, the message is

10 analyzed for errors using error detection information

such as CRC check bits. These and other aspects of

invention were previously discussed in this
specification.

After message C 1s properly received at base

15 station 20, a power adjustment message is generated at

base station 20 to indicate how the field unit 14 should

be adjusted so that subsequent messages to base station

20 are recelved at a desired power level. For example,

1f base station 20 determines that a message is received

20 at 23 dBm, base station 20 can send a message over

paging channel 41 indicating that the field unit should

reduce its power output level for subsequent message

transmissions so that a message from a field unit is

received at a lower power level such as 12dBm.

25 Fig. 8 is a graph illustrating a received diversity

string for a pilot symbol according te the principles of

the present invention. A received message such as

reference signal 710, message A, message B or message C

can include a marker such as one or multiple pilot
30 symbols that are monitored at a receiver to determine a

power level of a received message.

Both base station 20 and field units 14 include

pilot correlation filters for identifying a marker such

as one or multiple pilot symbols in a transmitted
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message. This marker aids in analyzing both timing

alignment and a received power level of a message.

Incidentally, the diversity string illustrates the

recelpt of a marker in a message as a result of

5 multipath fading. That is, a signal from a transmitter

18 received at a target at different times due to

varying times it takes for the signal to reach the

target over different paths between a transmitter and

receliver.

10 Preferably, the strongest received diversity path

will be designated as the time alignment string at base

gy

station 20 field unit 14 for analyzing the timing of a

received message. Likewise, the single strongest path

is preferably chosen to calculate a power level at which

15 a message 1s received. However, additional paths are

optionally used to determine a received power level of a

message.

Timing alignment and a received power level of a

'l

message 18 determined using the correlation profile o:

20 the strongest pilot in a particular string, which is
analyzed as mentioned using correlation filters. The
output of the correlation filters typically consist of

256 samples, which represent 64 lags at 4 samples per

lag. The 256 sample output-window represents the total

25 correlation time span of a receiver device. This can

vary depending on the application. Preferably, the time

alignment point is sample number 80 which allows 20 lags

for precursor and 44 lags for post cursor channel

information.

30 Generally, the computation of the time alignment

error 18 based on a determination of where the centroid

or peak lies in a given sample string. For example,

each field unit 14 transmitting in a time slot includes

a marker, i.e., the peak signal, located at a
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predetermined position within a time slot. The

strongest pilot path for the channel and 2 samples on

either side of the main path, i.e., 1 and 1/4 chips, is

statistically analyzed to determine the centroid or peak

5 of a marker within a time sglot. ILocation of the

centroid, L, of the samples in Fig. 6 is calculated

be

based on the following eguation:

2. [t % 0(0)]
2.0

L=

where t= sample time and Q(t) is the magnitude of a

10 sample at a given time.
For example, L 1s calculated based on the results

as shown 1in Fig. 6:

B @*76) +(S*77)+(1.0*78) +(.8%79) + (.6 *80)
25+54+1.0+8+.6

L

L=78317

15 Agailn, the timing alignment error is determined by

comparing the timing of the computed centroid to the

desired time set point of 80, which is chosen as the

reference point for timing alignment within a time slot.

Since the centroid in the example above is estimated to

20 be 78.317, timing is early relative to the set point of

80. An appropriate message can be sent to field unit 14

indicating how its timing should be finely tuned so that
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the

messages from field unit 14 are received a

{1

appropriate time at base station 20.

In a similar manner, the diversity string of Fig. 8

can be analyzed to determine a power level at which a

5 message 1s received. Thus, an appropriate message can

be sent to field unit 14 indicating how its power output
level should be adjusted so that a message is received

at a desired power level.

As mentioned, this technique can be used to detect

10 a recelved power level of reference signal 710 at base

station 20.

Fig. 9 is a flow chart illustrating a method for

setting a power level output of a field unit based on an

gt

estimated path loss according to the principles of the

15 present invention.

Step 900 indicates an entry point into the flow

chart. Following in step 910, field unit 14 monitors

pilot channel 44 for reference signals 710. As

previously discussed, the field unit determines a power

20 level at which reference signals 710 are received using

a power detector circuit and pilot correlation filters.

In step 920, paging channel 41 is monitored by a

field unit 14 for messages transmitted from base station
20. As previously discussed, message A is received on

25 paging channel 41 and decoded to determine an effective

radiated power level at which reference signals 710 are

being transmitted from base station 20.

Based on the detected power level of reference

signal 710 as received at field unit 14 and

30 corresponding effective radiated power level at which

the reference signal 710 is transmitted from base

station 20, a path loss is estimated between the base

g

station and field unit 14 in step 930. Preferably, the

path loss 1is estimated by computing the difference
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between the power level at which reference signal 710 1is

transmitted from base station 20 and a power level at

which reference signal 710 1s received at field unit 14.

Message B 1s subsequently received at field unit 14

in step 940. This message preferably includes

information indicating a desired power level at which

messages are to be received at base station 20.

Based on the desired power level at which messages

are to be received at base sgstation 20 and the estimated

path loss in step 930, field unit 14 determines a power

et e
—_—

for field unit 14 so that a message ig

output setting

recelved at the desired power level at base station 20

in step 950. More specifically, it 1s presumed that an

actual path loss from the field unit 14 to base station

1s approximately the same as the calculated path loss

between the base station and field unit 14 based on

measurements of reference signal 710. Thus, an

appropriate power output level of field unit 14 can be

determined by adding the estimated path loss to the

desired power level setting to determine a power output

setting for field unit 14. Consequently, this power

output setting of a field unit 14 should be a reasonable

starting point for attempting to transmit an initial

message to base station 20.

Also in step 950, field unit 14 transmits message C

such as an access reqguest message to base station 20
over access channel 51. Upon receipt, base station 20
measures a recelved power level of message C at base
station 20. This received power level is then compared
to the desired power level so that feedback can be

provided to field unit 14 indicating how to adjust its

power output level so that subsequent messages are

received at the desired power level.
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Following in step 960, field unit 14 monitors

paging channel 41 for an ACK message indicating that

base station 20 properly received message C. If an ACK

1is not received in step 970, the power output level of a

field unit 14 i1s increased in step 975 and the message

1s subsequently re-transmitted in step 960. This loop
of increasing power generally repeats until base station

20 acknowledges receipt of the message.

When an ACK is received in step 970, process flow

continues at step 9280 in which additional messages are

received from base station 20 indicating whether the

message transmitted in step 950 was received at the

desired power level. As discussed, information can be

transmitted to a field unit 14 indicating how to adjust

1ts power output level so that subsequent messages are

recelved at the desired power level at base station 20.

Consequently, the output power level of the field unit
14 1s adjusted accordingly for subsequent message
transmissions.

While this invention has been particularly shown
and described with references to preferred embodiments

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 scope of the

invention encompassed by the appended claims.
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CLAIMS

What 18 claimed is:

1. A method for supporting wireless communications,

the method comprising the steps of:

5 transmitting a first message from a first

transceiver, the first message including effective

radiated power level information at which the first

transceiver transmits a reference signal; and

measuring a received power level of the

10 reference signal received at a second transceiver;

decoding the first message at the second

transceiver to determine the effective radiated
power level information; and

estimating a path loss between the first and

15 second transceivers by comparing the received power

o,
p—

level and the effective radiated power level

information.

2 . A method in Claim 1 further comprising the step of:

transmitting a second message from the first

20 transceiver to the second transceiver indicating a

desired power level at which subsequent messages

shall be received at the first transceiver.

3. A method in Claim 2 further comprising the step of:

transmitting a reply message from the second

25 - transceiver to the first transcelver at a power

level so that the first transceiver receiveg the

reply message at the desired power level.

4 . A method as in claim 2 further comprising the step

tl

OL:
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determining a power output setting at the

second transceiver based on an estimated path loss

so that

a message is received at the first

transceiver at the desired power level.

A method as in claim 1, wherein the first message

1s transmitted over a paging channel of a CDMA

(Code Division Multiple Access) communication

system.

A method as in claim 3, wherein the reply message

18 transmitted over an accesgss channel of a CDMA

communication system.

A method as in claim 1, wherein the sgecond

transceiver transmits an access request message to

the first transceiver in a time glot of an

allocated reverse channel.

A method as in claim 7, wherein the access reques

message

from the gsecond transceiver to the firs:

{ ¢

transceiver includes encoded information for

measuring timing alignment of the second

transceiver.

A method as in claim 1, wherein the second

transceiver sends a reply message to the first

transceiver, the reply message including a

reference marker that is monitored for timing

alignment.

A method as in claim 1, wherein the first

transcelver transmits the first message over a

dedicated channel to multiple transceivers.

p—-
Ayt
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11. A method as in claim 1 further comprising the step
of :

measuring a power level at which a reply

message transmitted from the second transceiver is

5 received at the firset transceiver.

12. A method in claim 11 further comprising the steps

Il

OL:

comparing a power level at which the reply

message 1s recelived at the first transceiver with a

10 desired power level at which messages should be

received; and

transmitting a power adjustment message to the
second transceiver for subsequent message

transmisgsions.

15 13. A method as i1n claim 1, wherein the reference

signal includes pilot symbols.

14, A method as in claim 1, wherein the reference

signal is transmitted over a pilot channel.

15. A method as in c¢laim 1, wherein a path loss 1is

20 calculated based on the difference between an

]|

effective radiated power level of the reference

signal and power level of one or multiple received

reference gignals.



CA 02401099 2002-08-22

PCT/US01/05939

WO 01/63781

1/9

: ..«a.,- M\..Mulr.
r % JU—\W ..iM..l..w
= - / Y
yd 7 _\.\G N
RS~ ,@~ \w»\\%. Jm\\u P

- —
UE 07 A3Y

et -

2~y I

—

q, \i.; fon
* J—Lb.j.w.wc
muN.\C ST\ 1) .

/

)

IINKIS




CA 02401099 2002-08-22

PCT/US01/05939

WO 01/63781

2/9




CA 02401099 2002-08-22

PCT/US01/05939

WO 01/63781

3/9

| w AQ7s JOﬁ 1998,
WG OO | 3mmd woy

- W VPRy =

o

_ﬁ AT .\/.v..aﬁ. RSy fé&é.ﬂ.ﬁu
3909d 9V | 3oemg $530Y a7 N

- P . . -~ S p——— . Oy

4

T~
SAE e S

.,/\.W \S Ry }Q

Froypesa

SH194 Ol
TV R

T el b b W




CA 02401099 2002-08-22

PCT/US01/05939

WO 01/63781

479




CA 02401099 2002-08-22
WO 01/63781 PCT/US01/05939

5/9

Neb
« X
| e

/Co\\‘x:‘:im\
Serected © ™

sy

Aenevare. collision

Apeate. NNk

Aete cted MesSA4E

cnd. frevasmy £ Over

§eedboclke. clhannel

gow(‘ \,ﬁe%um“\'\‘ Ny
§i e\, Owi-t

b AR e S




CA 02401099 2002-08-22
WO 01/63781 PCT/US01/05939

6/9

START e =

A

Wﬂd

armarioransr & 3 ‘i

L — Ay g A dulytr P’ Pp-cho. gy gty dymirald @t -

Monev steks DY Al
J1e\d oni '50 3

Wl e e - Messaqe

-+ CAnsvay WAl Te C@) ¢St

Messagr  on Access Ch

et e, - o . /‘/

mb\:&kgr sééd\\&&(ﬁk‘ ; OUS\'(?W‘{— 05- f‘;\ﬁ\(}\

M&q stmanct BA » b QO

U on it Aol S0 colisuv, \ ik
R VWALS &&%@5 M"’“‘““
[ @ﬂo
\
sga%
o femwwq

; "(vae:,

j&”’ ook Tk b |
(DC{O i‘ \Dw":‘»e, NGkt v Mé\ S\'&H Lot




CA 02401099 2002-08-22

PCT/US01/05939

WO 01/63781

719




CA 02401099 2002-08-22

WO 01/63781 PCT/US01/05939
8/9
Sivg, P
N
B) 7
LIB i‘% ek o .‘ ?‘(3,,,)
VLN | Fi\
¥ w8 W
M\i %;‘”’;w w:g
s Iy
Q N "::
&

= Tg‘{ [+er—
NONA by



WO 01/63781

CA 02401099 2002-08-22

STMHAET
A —

'Mw —_-

™60 0 ¢ (E't Lot Chawgel emd

i

elo&HQ e {:»dww \ﬁua( Dg‘ xrexfee'wc@

S ip{vwd at  Steld vnil

W—Mw
- PR L
W

_\35
/

Gad
Mol o dokervmmg  effective ad

~~‘(‘z:uLtd:§:a6ﬁ PM QEN&( Lizg ret 515

[ £ A
- - . . ' | O .
2 &% tamieg, {)m&{& ‘-‘-’55&5- ’ er/_ﬁi?}
—
loss = %)E\Qiﬁ _ ?\i‘e-ff* i
L
e TR ) N

d@cocﬁ,(?," f;ufaé ™+ dete rmimz_} qqo
| oy en \evel of whiclh, mesaa g . 1

é‘ A oy g rep gy v o,

W&@:’K’ﬁ?ﬁf‘f‘%{: 8 1% @GW OU:&“R&}V
6—12-'%:“\"&5 5:3-\; %e\& Uh-'\ii.‘{'.,ﬁ

- TS mal‘%m @%«——-———-—-—- ‘
% : s g{kgo

PCT/US01/05939

oy pagieg clemsel [
"50““{" AN PASG O < 5::@043;:}.0{{\ PRI
&\ S;‘E{“r Co ui‘slmitwfa j
AN —
_ 1“3\6\&\\\ | Wovease POLWET
\/6-5 \-ece‘plgg.t&' CAMGL . /VC’ Ol w‘; 'él\’fi%
e

\\\.. -

O-? -;Ft‘é L‘i{ o 8 ;"%.}'

wo CoNEoNS ¢ *

oo



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings

