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U.S. Patent No. 4,901, 307, entitled " SPREAD SPECTRUM MULTI PLE ACCESS
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Power conti@l @@ﬁmﬂ@s@@m mul ti pl e access communi cati on system
are disclosed in U S. Patent No. 5,056,109, entitled ' METHOD AND 30

APPARATUS FOR CONTROLLI NG TRANSM SSI ON PONER IN A CDVA CELLULAR TELEPHONE
SYSTEM " as welll Dascriptidnh o9 the Relhted drpel | known in the art. The term
"base station" is used to refer to the hardware wi.th which the subscriber
stations communi cate. The term“cell" refers to a geographic 35 coverage

base statign  Conseniossddapicnt et besﬁﬂggt%‘t.gﬁé‘ﬁ‘ove&f‘ﬂ’ﬁ 8 velihaee o
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2004 access (CDMA) system which conforms to the “TIA/ELA-95A Mobile Station-
Base Station Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System”, hereinafter referred to as the IS-95 standard. A
system operating in accordance with the IS-95 standard is referred to herein as

20  an IS-95 system. The CDMA system allows for voice and data communications
between users over a terrestrial link. The use of CDMA techniques in a
multiple access communication system is disclosed in U.S. Patent No. 4,901,307,
entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION
SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS”, and U.S. Patent

25 No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING
WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”, both
assigned to the assignee of the present invention and incorporated by reference
herein. Power control techniques in a CDMA multiple access communication
system are disclosed in U.S. Patent No. 5,056,109, entitled "METHOD AND

30 APPARATUS FOR CONTROLLING TRANSMISSION POWER IN A CDMA
CELLULAR TELEPHONE SYSTEM,” as well as in IS-95, and are well known in
the art.
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The term “base station” is used to refer to the hardware with which the

subscriber stations communicate. The term “cell” refers to a geographic

35 coverage area within which subscriber stations may communicate with a
particular base station. Consequently, as a subscriber station moves from
outside the coverage area of a base station towards the base station, the
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specifies the conditions under whi ch a su scrl er station nmust stop
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W t hout bei ng qbamelscmdudmqulcﬂl,ypagmghmbfmdmfﬁ&’hhamels The availability
of forward traffic channel resources determines how many different subscriber
station calls can be supported by each base station. In order to maximize
25  connection capacity, connection supervision techniques have been developed to
free up-traffic channel resources quickly and to prevent a subscriber station
from acting as an in-band jammer should its traffic channel be lost
unexpectedly. Such an unexpected call drop could result from movement of
the subscriber station either out of coverage of a base station or through a
30  tunnel that causes the loss of the traffic channel signal. ' -

Traffic channel supervision in IS-95 includes two mechanisms, herein
referred to as jammer prevention procedure and traffic channel recovery
procedure. The jammer prevention procedure specifies the conditions under
which a subscriber station must stop transmitting a reverse link signal. This

35  procedure limits the length of time during which a subscriber station transmits
a reverse link signal without being power-controlled by the base station. The
traffic channel recovery procedure specifies the conditions under which a
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" METHOD AND ARRARATIBscrifer JehifdiEis Réﬁ%nﬁé%@ﬁéﬁ@%@%ﬁ%@'de&ﬁ% eRd ter
the 386 30 ﬁ_gxl_dc tio assigned to the assignee of the present
application a &@B‘F‘%Pé ted by reference herein. As described in the '386
application, a base station transmts information to one subscri ber
station at a tine, The abovédesdribedsnetwduatlovws ecdeasnoli traffiecthannel resources
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station. A subscriber s
method works in an IS-95 system is that the base station continuously transmits

_.new frames of information to each active subscriber station every 20
milliseconds, allowing the subscriber station to supervise on this continuous
forward traffic stream. This approach is far less effective in a high data rate
(HDR) system in which a base station transmits to a subscriber station only

25 when the base station has data to send.

An exemplary HDR system for transmitting high rate digital data in a
wireless communication system is disclosed in U.S. Patent Application Serial No.
08/963,296, issued as U.S. Patent No. 6,574,211, entitled “METHOD AND APPARATUS
FOR HIGHER RATE PACKET DATA TRANSMISSION” (hereafter the ‘386

30 application), assigned to the assignee of the present application and
- incorporated by reference herein. As described in the ‘386 application, a base
station transmits information to one subscriber station at a time, with the
transmission rate depending on carrier-to-interference (C/I) measurements
collected by the subscriber station. A subscriber station has only one

35 connection with the base station, but that connection may comprise multiple
traffic channels. The base station transmits information frames to a particular
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specified criteria, the 25 dSUMMARY OF THEANVENTIION-rate DRC val ue
I ndicating that the access termnal cannot decode forward |ink data at
all. A DRC level of zero can also indicate that the access termnal is no
| onger within range of the base station, and is therefore no |onger being
ef fectivell§ power ddetprsiseptiinventiontis diterted tocw soveband impaoved method and

pr ol onged peri ! whibed | 144t ..avoi d
becom ng an ur??gﬁitglgl ed | bgﬁi]kmmmr. ﬁ %ie%égﬂngg%%o%iﬁe%qﬁdg
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DRC rate stayS0HEMHITS %W;%W%PUEMSFMV RS §ToepItrQted. 35
exanple 13.33 or 26.67 mlliseconds.

20 In one aspect of the invention, in order to minimize reverse link
jamming, each access terminal generates data rate control (DRC) values and
monitors those generated DRC values. The DRC values vary according to
carrier-to-interference (C/I) measurements made by the access terminal. When
the C/I values measured at the access terminal fail to meet specified criteria, the

25 access terminal generates a zero-rate DRC value indicating that the access
terminal cannot decode forward link data at all. A DRC level of zero can also
indicate that the access terminal is no longer within range of the base station,
and is therefore no longer being effectively power controlled. When the DRC
level remains at zero for a prolonged period, the access terminal turns off its

30 transmitter to avoid becoming an uncontrolled in-band jammer. In an
exemplary embodiment, the access terminal turns off its transmitter if the DRC
level remains continuously at zero-rate for a “Twn-Off” period of
approximately 240 milliseconds. The access terminal turns its transmitter back
on after its DRC rate stays continuously above zero for a “Turn-On” period, for

35 example 13.33 or 26.67 milliseconds.
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I nvention, a wireless network communi cates with an access term nal through
a connect i onwiiBke«si Ng one or nore traffic channels. Each efyifie aea or
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sending a release initiate message, it stops sending the data frames and null
data frames to the access terminal. After a specified number of maximum-zero-
traffic periods elapse, the wireless system reclaims the traffic channel resources

25  allocated to the released access terminal.

In an advantageous embodiment, each base station of the wireless
network instead controls supervision time by broadcasting a configuration
packet to all active access terminals served by a base station.. The configuration
packet includes traffic channel allocation information indicating whether each

30 of the base station’s traffic channels is allocated to an active access terminal. If
an access terminal decodes a configuration packet indicating that one of its
traffic channels has been deallocated, then the access terminal releases the
traffic channel and optionally its connection with the wireless network. If the
access terminal fails to successfully decode at least one configuration message

35 for the duration of the supervision time, then the access terminal releases its
traffic channels and its connection with the wireless network.
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features, obW@oBs80#d advant ages of the present invention wpdT/uSARGSR
nore apparent fromthe detail ed description set forth bel ow when 5 taken in
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correspondi ngly throughout and wherein: FIG 1 is a diagramof an exenplary
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Netedeh
t o exchange paﬁgcﬁ_leas metat} e lntﬁrnet 124 or sone ot her packet data

network 126, dosed net 'such as a corporate network. Exanples
of packet data mclEIﬁ 3mseamexemphrycﬂdwdmrt of b&penvidion tins prsedsihgrintheh
applications ag.@scrResiing, Wweb pages and retrieving e-mail. Such packet
data applications n,di rectly on access termnal 110, or may run on a
separate conputer d c@f*“n%'{‘ ea@@?a&yé@@&aétﬁfﬁapmoammmssn the
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FIG. 5a is a block diagram of an exemplary high data rate wireless
network, including a base station and a base station controller, and FIG. 5b is a
20  block diagram of an exemplary high data rate access terminal.

¥

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1ig a block diagram of an exemplary embodiment of a wireless high
25 data rate (HDR) subscriber station 110, hereafter called an access terminal, in
communication with a high data rate wireless network 120. Access terminal 110
communicates through wireless network 120 to exchange packet data with the
Internet 124 or some other packet data network 126, such as a closed network
such as a corporate network. Examples of packet data include Internet Protocol
30 ' (IP) datagrams used for such applications as accessing web pages and retrieving
e-mail. Such packet data applications may run directly on access terminal 110,
Or may run on a separate computer device that uses access terminal 110 as a
wireless modem. In an exemplary embodiment, access terminal 110
communicates with wireless network 120 through wareless communication

35 channel 112,

Wireless network 120 may consist of a single base station and base
station controller, or may include a plurality of separately located wireless base
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controller connected together in a network. Each base station has a
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havi ng a hi gh S term nal 110 can recel ve data at a |ow
rate, it sends a DRC signal laving a |ow value. In an exenplary system a
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divided into WirSaRlacdest Gérdliral 196 @R ckiVe data at a high rate, it sends a DRC
signal having a high value. When an access terminal 110 can receive data at a
low rate, it sends a DRC signal having a low value.

In an exemplary system, a base station in wireless network 120 uses the
25 full capacity of its forward fraffic channel to transmit data to a destination
access terminal. The base station sends data to only one access terminal 110 ata
time, and transmits the data at generally the highest rate allowable as indicated
by the DRC signal received from the destination access terminal. The
transmissions are encoded such that they can only be correctly decoded by the

30  destination access terminal.

In an exemplary system, wireless network 120 maintains a forward link
data queue for each active access terminal 110. Whenever wireless network 120
receives data from packet data network 126 addressed to an access terminal, it
places the data into the corresponding forward link data queue.

35 Forward link transmissions are divided into slots of 1.667 milliseconds in
duration, or 600 slots per second. A base station transmits data to only one
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do¥or
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120 and20he examiplé of @hbarsty pasketodatat applidatibnt ha gserneay iaetess The Intirasse
initiate using a laptop computer connected to an access terminal. While the user
downloads a web page, the web browser application will demand all the
bandwidth possible from the network. After the download is complete, the
demand for bandwidth will drop to zero as the user reads the web page. If the
25  user needs no more information, he may close the web browsing application, or

may simply leave the computer idle.

In an exemplary system, wireless network 120 monitors the length of
time that each active access terminal remains idle (does not transmit or receive
data). After the expiration of an idle timer, wireless network 120 sends a release

30 initiate message on the forward link to the access terminal in order to reclaim
the associated traffic channel resources for use by other access terminals that are
not idle. The access terminal responds by sending a release message to the
wireless network 120 and releasing its connection with the wireless network 120
and the traffic channels associated with the connection. The release initiate

35 message and the release message, like any other messages, are subject to
communication error. If an access terminal does not successfully decode a
release initiate message, the access terminal may not know that it has been
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substantially r war i nk t hroughput of an ase
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station. This is espe transmtting null traffic data to an

access termnal at_a |ow data rate. For exanple, sendi ndql null traffic data
in a 1024-26 t In one embodiment, connection state mismatches are avoided by

specifying a maximume-zero-traffic period that may pass without transmitting
information to each access terminal. If the forward link data queue for an
access terminal remains empty such that the maximum-zero-traffic period
might elapse without sending a data packet to the access terminal, wireless

25 network 120 transmits a “null data packet” to the access terminal. The
supervisory period is at least twice as long as the maximurmn-zero-traffic period,
to allow the access terminal to lose (due to communication error) a few null
data packets without immediately releasing its connection.

One problem with transmitting null traffic data is that it may

30  substantially degrade the average forward link throughput of an HDR base

station. This is especially true when transmitting null traffic data to an access

terminal at a low data rate. For example, sending null traffic data in a 1024-bit

encoder packet at 38.4kbps might consume 16 consecutive forward link

transmit slots. If there are many such access terminals, this kind of connection

35 supervision procedure becomes very expensive in terms of forward link
bandwidth.
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serving the accegt b 'E{am\g'enlﬁhéh exemplary embodiment, the access terminal
continues to use traffic channels still ailocated to the access terminal by other
base stations. In another embodiment, the deallocation of any of an access
terminal’s traffic channels prompts the access terminal to release its connections

25  with all base stations and the associated traffic channels. Additionally, if an

access terminal fails to successfully decode a configuration packet within the
connection supervision time, then it immediately releases its connection with
the wireless network, including any associated traffic channels, and stops
transmitting.

30 In an exemplary embodiment, an access terminal maintains separate
supervision timers for each base station serving the access terminal. When the
access terminal fails to successfully derode a configuration packet from a
particular base station, then the access terminal releases the traffic channel
associated with that base station. If the access terminal continues to

35  successfully decode configuration packets from another base station, and those
configuration packets indicate that the other base station has not deallocated
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mask is 28 bits. In an alternate embodiment, each base station can support a
maximum of 29 forward link traffic channels, and the length of the bit mask is
29 bits. One skilled in the art will recognize that this number of traffic channels
25 represented and bits may be varied without departing from the method
described herein.

Upon successfully decoding a configuration packet, each active access
terminal inspects the bits corresponding to the forward traffic channels
allocated to it. If the forward traffic channel allocation bits indicate that the

30 access terminal’s traffic channel has been deallocated, the access terminal
releases that traffic channel and optionally its entire connection with the
wireless network 120.

When terminating a connection between the wireless network 120 and an

access terminal, one base station within wireless network 120 first sends a

35 release initiate message to the access terminal. Upon receiving a release initiate
message, the access terminal responds by sending a release message through
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events is requigg®shd or the access termnal to transition 220 . to-the
Rel ease State 206. For exanple, the access termnal wll

If the access terminal receives a release initiate message or decodes a
configuration packet indicating the deallocation of one of its traffic channels,
the access terminal transitions 220 from the Normal Traffic State 202 to the

25 Release State 206. In an exemplary embodiment, the release initiate message is
received on the forward traffic channel or the forward link control channel, and
the configuration packet is received as a broadcast on the forward link control
channel. Only one of the above events is required for the access terminal to
transition 220 to-the Release State 206. For example, the access terminal will

30  release the traffic channel after decoding a configuration packet indicating the-
deallocation of its traffic channel, even though it received no release initiate
message. Once in the Release State 206, the access terminal ceases
transmissions on the reverse link and stops decoding the forward traffic
channel.

35 As mentioned above, an alternate embodiment allows the access
terminal to remain in the Normal Traffic State 202 upon receiving a
configuration packet indicating deallocation of one, but not all, of its traffic



30 release the traffic channel after decoding a configuration packet 70 JUL 2004
i ndicating the deallocation of its traffic channel, even though it
recei ved no #@ A&sesl Nitiate nmessage. Once in the Rel ease Skt Risdlfderg he
access term nal ceases transm ssions on the reverse link and stops

decoding the forward traffic channel. 35 menti oned above, an alternate
enbodi nent allows the access termnal to mai n in the Nornal Tr affi C
State 202 Uponcﬂa@ﬁ@lsVl g this @ﬁwéﬁf | DRoRASKRHONPh&al | Will ¢8add Rfhé@Es Of

one, but not a its tr. | UL, 2004 VO O 8046, PCT/ USO /03978 ,13
channel s. In t‘ﬁrg“%?'}’t;f?o‘irﬁ%sﬂ nﬁQ&ﬂf&'ﬁhﬁé‘quﬁﬁtﬁt&% &Y#ﬂa%%@sﬁ Hrmipaks; s
t erm nal to trlaassandaml Afaffio cﬂlbﬁnaehmb&rﬁﬁé«‘mbc%%ﬂ ,deayingfné RIBE eREmels

term nal"’ channel has been deal | ocat ed, leaving no
traffic channe Oégqq%?aélceo&“\% ‘S connection. 5 In an alternative

enbodi ment, the release initiate nessage i s never sent, and the wreless

net work al vﬁays r el chsan thm&twmemh@mntathwsﬂmeuhﬁate afdssage is renaekent,

al l ocation inf f se
Stati ons. | Thi o Ehe Mpliles AR AR S cERE AP ARREe eERIA Y the Eragh
bandwi dt h, savépnehall @(-‘431@1 mfarmabandnctbﬁ configuration: gessages hroadeast byi ity
égp:gggﬁsfsi Piﬁﬁtﬁa Icagﬁgsg Fi_ res cesscle‘!rér{l %a%eeﬁveth g l%%agaaucrtc]éezs
ternminal may 2@%"&}""@{'« é?:‘flﬁg slofs t?‘@gé’%qﬂae%&e $ EPNSEg shp

until the HXpireldédseninifiatehmessggasvoni the famtardAhnkentG)meﬁsammm (: I@é this
access termn d r

on the forwar S:LRIP%ECR% @H ?ﬁra&ﬁé %mneall ?%gfﬁe% hﬁé? é?‘ée%ggé&p%f &{ grrg%%
terninal decodtesminaomalygueseri o reclaiteed andi reassigned Hatariather actass terminal
channel s are S{lﬁﬁjth@é‘?ﬁ%hgﬂofm@ s@péroston GhP 8f¥ nal remains in the Normal

Traffic State 202, as tndicated by state transition 222. |If the access
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time that passes w thout successf ul ‘a configuration packet. If

that time exceeds ]Ef erV| si on t hen ce s te nal
transitions 216 to ng ess terminal %a.lgeto success ya guration packet

20 during a period when the configuration packet is trans:mtted by the base
station, the access terminal transitions 210 to the Missing Configuration Packets
State 204. If the access terminal then successfully decodes a subsequent
configuration packet, it transitions 218 back to the Normal Traffic state 202.

Each time the access terminal first enters the Missing Configuration

25 Packets State 204, the access terminal begins tracking the length of time that
passes without successful decoding of a configuration packet, If that time
exceeds the supervision time, then the access terminal transitions 216 to the
Release State 206. Before the expiration of the supervision time, subsequent
failures to decode a configuration packet causes the access terminal to remain in

30 the Missing Configuration Packets State 204, as indicated by state transition 214.

FIG. 2b is an exemplary state diagram for a jammer prevention
procedure in access terminal 110 of FIG. 1. In an exemplary embodiment, the
access terminal remains predominately in a Transmitting State 230, wherein the
access terminal continuously transmits a signal to one or more serving base

35 stations on the reverse link. In the Transmitting State 230, the access terminal
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channel assig eg V'Er%ﬂ?'ﬁ 36%5% ff%?‘%ﬂﬁ&i*ﬂ‘ %ﬁg F%s or is not

decoded fromthe forward |ink, the access term nal 25 either processes a

rel ease 2M or confhiGrndmis an premplarytitawedtert of superdsionrtimeiprecessing in an
access terminal. For every new forward link time slot 302, the access terminal
evaluates (304) what was or was not received on both the forward link broadcast
control channel and the forward traffic channel assigned to the access terminal.
Based on what is or is not decoded from the forward link, the access terminal

25  either processes a release 314 or continues to process the next forward link time

slot.

If a release initiate message is decoded during a time slot 304, the access
terminal immediately processes a release 314. If a release initiate message is not
received, then the access terminal determines 306 whether the time slot being

30 processed is one during which the last portion of a complete configuration
packet was expected. In an exemplary embodiment, the configuration packet is
sent at constant intervals measured in slots. For example, in a system using
1.667 millisecond time slots, the configuration packet could be sent every 400
milliseconds, or once every 240 time slots. At step 306, the access terminal

35 checks whether the forward link transmit slot being evaluated is one in which a
complete configuration packet should have been received. If the forward link
transmit slot does not fall at the end of one of these intervals, then the access
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‘ to use the remaining trafﬁc channels. If the configuration packet indicates that
the traffic channel remains allocated to the access terminal, then the access
terminal continues on with processing for the next slot.

25 FIG. 3b is an exemplary flowchart of supervision time processing in a
wireless network. Upon initiating 350 the release processing of an access terminal, the
wireless network sends a release initiate message 352 to the access terminal. At
step 354, the wireless network evaluates whether it has received a release
message from the access terminal. If the wireless network receives a release

30 message from the access terminal, then it immediately reclaims the traffic
channel resources 360 previously allocated to the now dropped access terminal.

If the wireless rietwork does not receive a release message at step 354,
then the wireless network causes a change in the traffic channel allocation
information 356 in configuration packets transmitted by the wireless network's

35 Dbase stations. The traffic channel allocation information is updated to indicate
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process 8r <itherwrdenr may be done at approximately the same time. If the changed
configuration packet and a release initiate message are received at the same
time, the access terminal transmits the release message in response to the
release initiate message before reacting to the received configuration packet.

FIGS. 4a-4c are flowcharts of an exemplary process for supervising

25 transmit power. When a connection is first established between an access

terminal and a wireless network, the access terminal’s transmitter is turned on

and two timers in the access terminal referred to as a “Tum-Off Timer” and a

“Turn-On Timer” begin in a deactivated state. During processing for each new

time slot at step 402, the access terminal generates (at step 404) a DRC value and

30  usesthat DRC value along with the two timers to determine whether to turn on
or turn off its transmitter.

In an exemplary embodiment, the step of generating a DRC value 404 is
followed by inspecting whether the transmitter of the access terminal 110 is
turned on or off 406. If the transmitter is on, the process proceeds as illustrated

35 in FIG. 4b, where the access terminal determines whether the transmitter
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Off Period, for example 240 milliseconds or 144 slots of duraton 1.67

milliseconds. The expiration of the activated Turn-Off timer acts as a signal for

the access terminal to turn off its transmitter. If at step 426 the Turn-Off Timer

25 has already been activated, then the process continues with the processing of
the next time slot (402 in FIG. 4a).

In FIG. 4c, the process proceeds from step 406 to an evaluation at step
442 of the value of the DRC value generated at step 404. If, at step 442 the
newly generated DRC value was a zero-rate DRC value, then the access
30 terminal deactivates the “Tum-On Timer” at step 446. In an exemplary
embodiment, deactivating the Turn-On Timer when it is already deactivated
results in no change in the state of the Turn-On Timer. In an alternate
embodiment, step 446 includes checking the state of the Turn-On Timer and
only deactivating it if it has previously been activated. After step 446, the

35 process continues with the processing of the next time slot (402 in FIG. 4a).
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may contain multiple base stations 504 and base station controllers 510. BSC
25 510 coordinates the communications between each access terminal (110 from
FIG. 1) and packet data network 126 through packet network interface 524.
Wireless network 120 may also include an interworking function or IWF (not
shown), disposed between selector elements 514 and the public switched

telephone network or PSTN (not shown).

30 BSC 510 contains many selector elements 514, although only one is
shown in FIG. 5a for simplicity. Each selector element 514 is assigned to control
communications between one access terminal and BSC 510 through one or more
base stations 504. In an exemplary embodiment, a connection between BSC 510
and an access terminal may comprise multiple traffic channels routed through a

35 single selector element 514. An access terminal is allocated a maximum of one
traffic channel from each serving base station 504. Data received from a single
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In an exemplary embodiment, each base station 504 maintains a forward
link data queue 540 for each traffic channel associated with an active access -
- terminal. Packet data to be transmitted to the access terminal is stored in the
25 forward link data queue associated with the access terminal until the base station control
processor 512 selects that access terminal as the destination access terminal for a
forward link time slot.

In an exemplary embodiment, base station 504 includes multiple channel

elements 542, wherein one channel element 542 is allocated to each traffic

30 channel. Once base station control processor 512 selects a destination access

terminal for a forward link time slot, the data is transmitted from forward link

data queue 540 through the corresponding channel element 542 to radio

frequency (RF) unit 544, and then through antenna 546. The data then travels
through forward link 550 to the access terminal.
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the subsequent configuration packets transmitted to reflect the deallocation of the
corresponding traffic channel. Call control processor 516 may thus specify the
deallocation of traffic channels in one or all base stations serving the to-be-
25 released access terminal.
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Call control processor 516 and base station control processor 512 are
implemented using microprocessors, field-programmable gate arrays (FPGA),
programmable logic devices (PLD), digital signal processors (DSP), application
specific integrated circuits (ASIC), or other devices capable of generating and

30  adjusting the necessary amplitude and phase of control signals. In an exemplary
embodiment, the communications between BSC 510 and base station 504 travel
through a backhaul connection. The information flowing through the backhaul
connection include communications between call control processor 516 and
base station control processor 512. The backhaul connection between BSC 510

35  and base station 504 are implemented using appropriate connection equipment
such as underground cabling or microwave T1 or T3 or optical fiber such as
OC3. .
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el ement 5420 Mayoding including soft decision coding. Chan.nel element 542 then mterleaves (or
reorders) the symbols within the encoded packet. Channel element 542 may
utilize any of a number of interleaving techniques, such as block interleaving
and bit reversal interleaving. The interleaved packet is encoded using code
division multiple access (CDMA) techniques, including covering the symbols

25 with a Walsh code and PN spreading them using short PNI and PNQ codes.

An alternate embodiment uses complex PN spreading. The spread data is
provided to RF unit 544 which quadrature modulates, filters, and amplifies the
signal. The forward link signal is then transmitted over the air through antenna
546 on forward link 550.

30 FIG. 5b is a block diagram of an exemplary high data rate access
terminal 110. The access terminal 110 transmits information, such as DRC
information and reverse link packet data, to wireless network 120 through
reverse link 552 of wireless communication channel 112. The access terminal 110
receives data from wireless network 120, such as forward link data and

35 configuration packets, through forward link 550 of wireless communication
channel 112.



utilize any of a nunber of interleaving techniques, such as bl ock 3[] JUL 004

interleaving and bit reversal interleaving. The interl eaved packet

encoded usi W@ wddesé di vi sion nultiple access (CDVA) techni qlmxrmsomssmjr ng

covering the synbols 25 with a Wal sh code and PN spreadi ng them usi ng short

PNI and PNQ codes. An alternate. enbodi memt uses conpl ex PN spreading. The

spread data is provided to RF unit 544 whi ch quadrature nodul ates,

filters, and anpliln en @H@Inpialg?hambdﬂamehor\bh&cforwakdshghamgml i ereceived

transnitted S5y Suftbind Yol YUERD o, 2 HBefel UMRIH! ldrt e Bep 3O TRL G
ram 0.

5b is a block dia an exenpl aa$¥r Fate accass T&rmfal
The access t ci€ReINEF qegs,tm};ﬁﬁsfsqm éh#ﬂtd@nOdUlﬁt , sandOROantindsothensigoal. and

reverse |ink PRei@EitEal3sighal %ﬁaéd%t&eﬁé&d%ﬁ& mb[ﬂ%%le'ﬂiﬁé‘gz
of wirele c mrun cﬁatlon chggn éﬁi The access term receives
data from pread, xyifly the ¢ angdsPNG? wades rndidersivared withs the Walsh

configurati ortqarec k @, débaubited @Ia%ls%pﬂdvﬁl&e&@@ dekodér s&&%&@g@%ﬁi—&@%@n
channel 112. lﬁo JUL?Ié&bé WO 01{ 804 CT/ US vé'H“"%P rrgl ar
embodi ment, tHESFGr ﬁﬁgﬁ'ﬁj PLOTESEIES hOaseh it

routed to a r@m.ﬁmﬂywdkebn)derf 5Gﬁﬂpeﬁoﬂn§6ﬁ-mfd&daeaviﬁ Eﬂ)’d].ﬁFJ bed CRC check
Snal s prov JAEALH. T&ﬁﬁ*@??ﬂ*ﬁﬁ% Ried 28 rleReP damanfeitsgd 1
t he shor t10PNIWhich tbreq; sengisstherdnta dboougte aomecrmomzﬂum ¢h exterrat de¥ive (not

d dul at ed ngq‘o%ﬂ S84 f
he transm t SCn by b cea na Fure E%Wone £ Speraop %‘%%‘*‘nﬁt%* 3w °
Speci fi cal | y,Pra erbﬁ%‘iﬁ?e g@)rPH?E s| “é’@eéaﬁlhgfo odvergnations sRb ameck

functions. Thenfigteassh packds addirélease ﬁﬁ&téﬁ@é&sé%sp&?h@i&@ﬂéﬁ%m erface
568, 10 which then sends the data through connection 570 to an external

devrhce (not bshgwrﬁatga\{g Iﬁec%la;éﬁeg% e%%/ag)gt ang (%nnr NGnds uglﬁ{ﬁp%cat l on
such as a _we r owser r

i nf or mat ilén, osacien 5Z®andpacket @atapatckbts 568 'Iihelcwsena)nbe irout tedrtheaagtes,
to control | erconfllel’8Y6 ok pa ae&ﬂar@ﬁmy e eggrggg&%gﬂﬁeer(s&@t shown)

t hrough 15 connecti on 57 and packe data may be

routed through c roI 6 _or  packet data npy be provr ded d rect I

encoder 572. Contr fr%? é%roﬁ'r(‘f‘btggs rﬁ‘BB%‘rtte?egP signal gReatv ? r om

the serving semdngsbase atatidhd 504d andng mémt‘esDIERCancfbmthﬁ cemdu&l 876 576

provi des the ds2 o] (o] se t

transm ssi on S#Le %%B'r%g'édh?ﬁnk Z%ﬁfﬁgﬁ g$ g@%&;ﬁr 37% %éeg@@%qu%m

recei ved20 transm1s51on on the reverse link 552. Controller 576 also processes received
release initiate messages and generates corresponding release messages to be
transmitted. Controller 576 evaluates the contents of each decoded
configuration packet to determine whether any of the access terminal’s traffic
channels has been deallocated. i ‘-

25 As described above, controller 576 monitors the generated DRC levels so
that access terminal 110 can avoid becoming an in-band jammer for the wireless
network. In an exemplary embodiment, controller 576 causes the transmitter in
front end 562 to turn off  if the DRC level drops to zero-rate for a specified
duration, for example 240 milliseconds or 144 time slots. Controller 576 turns

30  the transmitter in front end 562 back on after the DRC rate stays above zero for
a specified period, for example 8 consecutive time slots.

In an exemplary embodiment, packet data interface 568 includes data
buffers for temporary storage of forward and reverse link data. While the
transmitter in front end 562 is turned off, reverse link data is saved in the

35  buffers until the transmitter is again turned on. In an alternate embodiment,
data is sent to the transmitter even when the transmitter is off, resulting in its



rel ease initiate messages and generates correspondi ng rel ease rressad@leﬂLOZGUl.
be transmtted. Controller 576 evaluates the contents of each decoded

confi gurati owoRagkas to determ ne whether any of the access pgfRkPAdz0
traffic channels has been deal |l ocated. 25 As described above, controller

576 nmonitors the generated DRC | evel s so at access termnal 110 can
avoi d beconm ng an in band jammer for the wTel ess network In an exenpl ary

embodi ment , cqagg.omeralé?ﬁaﬁaéiﬁsédﬁ:%ttmﬁaMé bsdl ro?;at bt é@&gb% bErn

off if the DRC | evel.. S to zero-rate for asecr uration
exanpl e 240 milEVFEE @r 144 time slots. Controller 576 turns 30 the
transmtter in front end 562 back on after -the DRC rate stays above zero

for ia spean i ed peﬂflcodtroll;ler sgsaﬂoéxeeﬁa?@tt&g@;mgmm ‘lirldgﬁ ¢d, @hén cbﬁtf:rféﬂer 5’;‘:6
exenpl ary e packet data i rface i,C e u or
t enpor ary stor%%‘gegttesiao% awrge $%£féﬁ§§rqni5ﬁﬁ g8t ‘\ﬁ% ‘ﬁ‘?&sﬁ Equ?‘ér
in front edd 553, |fmrttmrru:b662)fahd artenns S60i nkftdau:mnsnuﬂrmga&\e feleise Dfessage,
buffers until n e

enbodi nent cf'tg?\a (%lise?sg "‘P%SZ ?g%h{g_%gﬁ er q"e’l(\gfe{ntﬂ ?lﬁg el{egﬁéﬁ#t?‘%q Eflg
of f, resulting@ssocinted cmened@zr WO 01/ 58046 PCT/ u501/ 03978 23 | oss.
The al ternate enbodi nent avoids the possibility of a buffer overfl ow of

reverse |ink data. Jffcoaidllep 576 reeetfed Sc&in\!l%%ré‘hdﬁ gRé& 1t ih@icht eg%ﬁ
then controller 57 enerate a release.nes E ge te rough

t 0, be ,transm
encoder 572, Bl 5“595? “Bnigafip @ﬁt%é’eﬁﬁodeﬂﬁ?@ﬁe then
transm ttrlog tdmauoé]eeam mmmi;er;el celﬁasezi eat Eraffi¢ ehemnels lmsmcmmqil

Ay
th th h |
\émont rol Iee\rNI r5$ %%‘ge}'%gei@r it %H%? °gar a ﬁlf)’gec%%tfﬁé %‘fﬁmﬁ% %gne %t n%tant AEeSHne
of the access tewninaldias qmadaallocehdnﬂm gcdess téyoeinabioptionally edntinhesntol Gse
control | er 576heBRHIANG ¥afiR! @RRE I tcﬁﬁ?-ret E&t‘fo:?hﬁ'i“aﬁ| fRNerilE i étY
e C C

enbodinent, if,o

n one_of [ ti nne ssi g to an access
terninal has H@E#%@Qﬁ%ﬁ’g@‘y Pﬁé“é&%é a‘%&)&?‘?ﬁlﬁ& qausen theraceesy o

use the rémaitermindl takélessecitoa@ittlesonhedtivn ﬁ@tﬂiﬂﬁétBS@and all das@stadonat e
enbodi nent, the deal I ocatron of any of an access termnal's traffic

W ih Che BSC and aif Aaaaor SBnbfitl e hReifed TE didyh pbauef irele
t hekl [rts er Y?l z secesshrly deerdnd eonfigirationgadkiets. deMM}hOWﬁgiﬂtam\mes that
been successf i Eq‘f;y&*ﬁ%gaééﬁﬁ%&r *Eé??%ﬁ%?%%?@?"f‘ﬁ%%“% {51 4 BEroR R Fref dan
super vi si on t 99 Eme, thengongroller § ésﬂﬁ&e@mrmm\pmonm
20 the BSC and all base stations. In an exemplary embodiment, controller 576 is
implemented using microprocessors, field-programmable gate arrays (FPGA),
programmable logic devices (PLD), digital signal processors (DSP), application
specific integrated circuits (ASIC), or other devices capable of performing the
controller functions described herein.

H

25 In an exemplary embodiment, reverse link data from packet data
interface 568 and controller 576 is encoded in encoder 572. Encoder 572
generates a cyclic redundancy check (CRC) for each packet and then encodes
the data packet and its CRC using a forward error correction (FEC) code to
form an encoded packet. The FEC code may utilize any of several forward

30 error correction techniques, including turbo-coding, convolutional coding,
block coding, or other forms of coding including soft decision coding.
Modulator (MOD) 574 then interleaves (or reorders} the symbols within the
encoded packet using any of a number of interleaving techniques, such as block
interleaving and bit reversal interleaving. The interleaved packet is encoded

35 using code division multiple access (CDMA) techniques, including covering the
symbols with a Walsh code and PN spreading them using short PNI and PNQ
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bit reversal thaitecdre rt'RFmablIé erate ayRboiiasibas. | FoRNSRAR 1e35arU5d1f&n£’6éde
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WO 01/ 58846 P@nmﬁmtmv&mm zmmﬂtar isatrephicad disentaru cﬁ%)rﬂiﬁ@x
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562 whi ch qﬂaﬁ“ﬁma ﬁ%\?ﬁ@d%ﬁ?@%s 85@%%@%"#%%5&9&??& e
reverse |1tk exighwithin theepticalfikar tA:et@nnameEGO and 54brintHiGo SgtPhaanecrepiacedo

on reverse | i @fthospticad fiblel BitBAhGseNDOdi ments are applicable to other
hardware architectures that can support variable rate transm ssi ons For

exanple, an alter odi. appli.es to a systemusing opti.cal
channel s, wherei nrﬁ"?‘één& geﬁ‘ﬂﬁﬁrgﬁl B terms nfeconnecon & E"-‘R’F‘PQ ?% ced
with an opti cﬁirwfalrdehnk,cammem;ﬂar}ommbmbmdntm bermadily| extended tancover

gg\ée;ﬁg ghgklg‘ﬁﬁ}e’&% |%,§ are rep Iace ]‘ﬁw |ch£$ bg&npar?%nfﬂ%@%g 2

Though debtriBws fedeidivisipn énmpéep Q@@@ﬁﬁe@ % tedwiquese bwnmalyebe f easilpir d
link, an exen&%&e&@@%@[ﬁgdﬁﬂ@fhﬁ% élaxcéétts&&ﬁguésosﬂ&vsg tirdePBREGHHON

supervi sion on helgrevers 19< Al so n exenpl ary énbodi ment 15 uses code
di vi sion mult * techni ques, but may be easily extended to
enploy different nmultiple access techniques such as tine division nultlple
access (TDWVA). ThEheprevious diseripiiphiofrthefprefarred efbodithenthisdproaided its

provided 10 enaple any person skilled in the art to make or use the present invention. The
20  various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
other embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein butis -
to be accorded the widest scope consistent with the principles and novel
25 features disclosed herein.

What is claimed is:



enabl e any person skilled in the art to nake or use the present invent gn. 00
The 20 various nodifications to these enbodinents will be readily apparent

to those skwid@dksbss the art, and the generic principles def b@fﬁjsﬁﬁdﬁgg] may
be applied to other enbodi rrents wi t hout the use of the inventive faculty.

Thus, the present invention is not intendgd to be limted to the

enbodi nents shown herein but is to be accOorded the w dest scope consi stent
with the principles and novel 25 featurega@ivgs! osed herein. Wiat is
claimed is: 3 0 JUL 2004 WD 01/58046 PCT/USO /03978 25 CLAIMS 1. In a

W rel ess comuni cation system a nethod for controlling 2 transm ssion
power conpri si ng the steps of: neasuring a set of characteri stics of a

recei ved signg engr a te_caqniroal )V

based on the sét ol?l ::Lﬁa%téllc?erl S |81'tsn‘lﬂ}%;1 org %ﬁ?t%&ng off E of, e!r% C?’E‘%Pﬂ'ﬁ%ed

on the one2or WeRSMBHONpPOWesscONIprising thesteps o6f claim 1 wherein sai d step

of measuring a set IﬂE&Sl&ﬂ%@?&%f%b%&&?SﬂngﬁQ?&CE%H%I S the sub-step of:
nt

measuri ng carrier-to erence ratio the recel gnal . 3. The

method of & ai m 1 vBRAVCEAENG Qne oF mapreotiatagaln eppten f(Dmmaduﬂs psed on the sether
conprises the Wﬁmm{s arfeterm ning the length of time during which

none of the generated 4 val ue ded a rate of nd turning
of f the trinsm ttermm&gqfﬁ%qa@ﬁﬁ?ﬁeﬁé cﬁ‘r‘*é’&t‘@?reﬁﬁgﬁﬁi“% equal to
a predet erm ned peri od. 4. The net hod of cI aim3 wher ein said predeterm ned
period is pro 4 C 5 o] ¢laiml
further corrprl Si ng %‘8? %f n&lé{“&i fe%fq?n ng ?ﬁegeé? ]%8%% adl.ﬁef n%f
whi ch none 2of Ctlmagemtmtfmhmmpm eisvbrdepofl a rate of zero; and 4
turning on.the trart%@%édrﬁ{ m&ﬂ&ﬂ\&?&&&&fmhb%tﬁér&éﬁr@Hﬁgﬂﬁa” or

equal to a predeterm ned period. 6. The nethod of claimb5 whe n said
predeterm ned period is 2 approximately 13 and one third mlliseconds. 7.
The method of il ai rMThe whethed rof sdaitn (A adeteinndaid dteppof itothihg of? a transmitter

appr oxi mat ‘%' y f%?th%? oﬁwﬁedixb”étl | gggconds
determining the length of time during which none of the generated DRC
4  values exceeded a rate of zero; and
turning off the transmitter when the length of time is greater than or
6 equal to a predetermined period.

4. The method of caim 3 wherein said predetermined period is
2  approximately 240 milliseconds.

5. The method of claim 1 further comprising the steps of:

2 determining the length of time during which none of the generated DRC
values indicated a rate of zero; and
4 turning on the transmitter when the length of time is greater than or

equal to a predetermined period.

6. The method of claim 5 wherein said predetermined period is
2 approximately 13 and one third milliseconds.

7. The method of daim 5 wherein said predetermined -period is
2 approximately 26 and two thirds milliseconds.

8. A wireless access terminal apparatus comprising:
2 a transmitter for amplifying and transmitting a transmit signal at a
transmit power level;



8. A wreless access termnal apparatus conprising: 2 a transmtter for
anplifying and transnitting a transnit signal at a transmt power J{evel 2004
WO 01/ 58046 w6 035804 UL 2004 PCT/ US01/ 03978 4 a denodul at or PoT/MS01/03978
denodul ati ng a downconverted signal and generating a set of neasurenents
of signal characteristics based on the 6 dggwnconverted signal; and a
control processor for evaluating the neasurenents, generating one or 8

nmore data date conta odempRDlatenl des Haﬂ'@tdtﬂ)ahn@easeiowﬁcm{mﬁdteﬁ il cand
and setting t PO, appr t aed on_t
one o 10 ot B et B e R oP SEh RIS, B ! e
control préceékﬁ?’n‘?@“’femeldlfégnﬂlza%@nflgured to evaluate a
carrier-to-interfereaafréiebideido? I fih e e
t he DRC val ues baemgd on the cgrr@)%}h' aﬁﬁhnt r erencgﬁratlg&qi%{ﬁﬂ%('Js}ﬁ:'r&‘1t
appar at us 8f NS PataFiefonteol; i{@n hased pthe setr of chagactepistics, and
configured to sdﬂix%‘ e eradridenit agkdr el t@ﬁpﬁ%ﬁﬂﬁté@" £éro"9ARdO%n HAE one or
gener at ed 1BRC Sﬁlﬁf"ﬁ&f eeded a rate of zero, and t0 set the transmt power
level to gp ‘éﬁy %ero based on when the length of time is greater
than or equal to a predetermned transmtter-off period. 11. The apparatus
of claim10 whgerei ai CPMHLE g egs | S C i 2. 1o use
transmtter- off@BerIlT%d g? approéq ga § %61' e%'ﬂ{'%g P15 ag'bg'r'ﬁ'f us
of clai m82whep gu@%ddtccoﬂval@atqora)cm-tbsnfemferme rticorftomurthed tset of
det ermi ne t he thefgirémehtst lanel %”%éﬁérm the ORE Qhanidie & Giﬂe%‘é?' gtes
al ue

I ndi cat ed irate f zero, and sel the transmt power |level to av
ot her than%*appP ‘@Ir?h?ero when the length of time is greater than or
equal to a predetermned transmtter-on period. a 13 The appar at us of

claim 12 wheregian s Lr P $SO further nf| ured to_u a
transmtter- o(railloper ?ﬁ% S&’} %%xéﬁagﬁﬁyélgi o??édt?:ﬁrl'tﬁo eFioé'cgné'érstﬁ?4
The appar afus conﬁgumdeeWmm theslengthcoftime! dyming eeich npsefoﬁrthmgenerated

configured 10 YR PlheAdRilddel’ s (a8 0fb, UncP 8IS0 1N HEkm pBUA: 180el to
thirds mllisecon appar at ug conpri Si ng:

gp @Less access term nal
2 neans fof n@&?ﬁ?ﬂﬁbﬁtﬁl}’s@m sehanyehen thelepgthoef timeds grepder thay ealequahty
a predetermined transmitter-off period.

11.  The apparatus of claim 10 wherein said control processor is configured
2 to usea transmitter-off period of approximately 240 milliseconds.

12.  The apparatus of claim 8 wherein said control processor is further
2  configured to determine the length of time during which none of the generated

DRC values indicated a rate of zero, and set the transmit power level to a value
4 other than approximately zero when the length of time is greater than or equal

to a predetermined transmitter-on period. -

13.  The apparatus of claim 12 wherein said control processor is further
2  configured to use a transmitter-on period of approximately 13 and one third
milliseconds.

14. The apparatus of claim 12 wherein said control processor is further
2  configured to use a transmitter-on period of approximately 26 and two thirds
milliseconds.

15. A wireless access terminal apparatus comprising:
2 means for measuring a set of characteristics of a received signal; and



3 0 JUL 2004 WD 01/58046 PCT/US01/03978 27 nmeans for generating one @ru 004
nore data rate control (DRC) values based 4 on the set of character*’I t"i l:g
and turni ng o¥domsdos@nsnmtter based on the one or nore DRC wadmwesniniss The
apparatus of claim 15 further conprising neans for nmeasuring a 2
carrier-to-interference ratio of the received signal. |T The apparatus of
claim 16 further conprising: 2 neans for determning the length of tine
during which none ofngans foggaperating dRCoN mlore saex exte detltro] (BRE) ¢haluzadrisednd
4 means for,turni f¢t LtLer fotd i reater
t han or equ%l to g tglgtg)s('réfé étcggrrﬁt#\e pera%@dt..'%ﬁ{k &Hea hﬁﬂ&&ﬂt& béseﬁeon thelonié oF
more DRC values.

16.  The apparatus of claim 15 further comprising means for measuring a
2  carrier-to-interference ratio of the received signal.

17.  The apparatus of claim 16 further comprising:

2 means for determining the length of time during which none of the
generated DRC values exceeded a rate of zero; and
4 means for turning off the transmitter when the length of time is greater

than or equal to a predetermined period.



