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IL. Description of the Related Art

15 Mobile computing and data access is steadily becoming available to an
increasing number of users. The development and introduction of new data
services and technologies that will provide continuous data connectivity and
full access to information is presently occurring. Users can now use a variety of
electronic devices to retrieve voice or data information stored on other

20  electronic devices or data networks. Some of these electronic devices can
connect to data resources through wires and some can connect to data
resources through wireless solutions. As used herein, an access terminal is a
device providing data connectivity to a user. An access terminal may be
coupled to a computing device, such as a desktop computer, a laptop computer,

25  or a personal data assistant (PDA), or it may be physically incorporated into
any such devices. An access point is equipment that provides data connectivity
between a packet switched data network and access terminals.

An example of an access terminal that can be used to provide wireless
connectivity is a mobile telephone that is part of a communication system

30  capable of supporting a variety of applications. One such communication

system is a code division multiple access (CDMA) system which conforms to
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Given the growing demand for wireless data applications, the need for
very efficient wireless data communication systems has become increasingly
significant. The IS-95 standard is capable of transmitting traffic data and voice
data over the forward and reverse links. A method for transmitting traffic data

20  in code channel frames of fixed size is described in detail in U.S. Patent No.
5,504,773, entitled “METHOD AND APPARATUS FOR THE FORMATTING
OF DATA FOR TRANSMISSION,” assigned to the assignee of the present
invention and incorporated by reference herein. In accordance with the IS-95
standard, the traffic data or voice data is partitioned into code channel frames
25  which are 20 msec wide with data rates as high as 14.4 Kbps.

A significant difference between voice services and data services is the
fact that the former imposes stringent and fixed delay requirements. Typically,
the overall one-way delay of speech frames must be less than 100 msec. In
contrast, the data delay can become a variable parameter used to optimize the

30  efficiency of the data communication system. Specifically, more efficient error

correcting coding techniques which require significantly larger delays than



WO 01/89162 PCT/ US01/ 15381 3 those that can be tolerated by voice services
can be utilized. An exenplary efficient coding schene for data is

di scl oseavon1/k18 Patent Application Serial No. 08/ 743, 6B8T/UsMYi5881ed " SOFT
DECI SI ON QUTPUT DECODER FOR DECODI NG CONVOLUTI ONALLY ENCODED CODEWORDS, "
filed 5 Novenber 6, 1996, assigned to the assignee of the present invention
and incorporated by reference herein. Another significant difference
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data communication system is typically defined as the total delay incurred in

15  the transfer of a predetermined amount of data, hereinafter referred to as a data
packet.

Yet another significant difference between voice services and data
services is that the former requires a reliable communication link which, in the
exemplary CDMA co{nmunication system, is provided by soft handoff. Soft

20  handoff results in redundant transmissions from two or more base stations to
improve reliability. However, this additional reliability is not required for data
transmission because the data packets received in error can be retransmitted.
For data services, the transmit power used to support soft handoff can be more
efficiently used for transmitting additional data.

25 The transmission delay required to transfer a data packet and the
average throughput rate of a communication system are parameters that
measure the quality and effectiveness of the data communication system.
Transmission delay does not have the same impact in data communication as it
does for voice communication, but it is an important metric for measuring the

30 quality of the data communication system. The average throughput rate is a



30 quality of the data conmunication system The average throughput rate is
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cells can be calculated.

In a system that is capable of transmitting data at high rates, which will
be referred to hereafter as a High Data Rate (HDR) system, an open-loop rate
20 adaptation algorithm is used to adjust the data rate of the forward link. An
exemplary HDR system is described in U.S. Patent Application No. 08/963,386,
entitted “METHOD AND APPARATUS FOR HIGH RATE PACKET DATA
TRANSMISSION,” assigned to the assignee of the present invention and
incorporated herein by reference. The open-loop rate adaptation algorithm
25 adjusts the data rate in accordance with the varying channel conditions
typically found in a wireless environment. In general, an access terminal
measures the received SINR during periods of pilot signal transmissions on the
forward link. The access terminal uses the measured SINR information to
predict the future average SINR over the next data packet duration. An
30 exemplary prediction method is discussed in co-pending U.S. Patent
Application No. 09/394,980, entitled, “SYSTEM AND METHOD FOR



predict the future average SINR over the next data packet duration. An 30
exenpl ary prediction nethod is discussed in co-pending U S Patent
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15  update its requested data rate several times per second. In a typical HDR

system, the access terminal would make approximately 600 updates per second.
Other reasons exist for not implementing a pure open-loop rate
adaptation method. For example, the open-loop rate adaptation method is
highly dependent upon the accuracy of the SINR estimate. Hence, imperfect
20  SINR measurements would prevent the access terminal from making a precise
characterization of the underlying channel statistics. One factor that would
lead to imprecise channel statistics is the feedback delay discussed above. Due
to the feedback delay, the access terminal must predict a supportable data rate
in the near future using past and present noisy SINR estimates. Another factor
25  that would lead to imprecise channel statistics is the unpredictable, bursty
nature of received data packets. In a packet data cellular system, such bursts
cause sudden changes in the interference levels seen at the access terminal. The
unpredictability of the interference levels cannot be efficiently accounted for by

a pure open-loop rate adaptation scheme.
30 Another reason for not implementing a pure open-loop rate adaptation

method is an inability to minimize the effects of errors. For example, when the



cause sudden changes in the interference |evels seen at the access
termnal. The wunpredictability of the interference | evels cannot be

ef fici entwgoagaeunted for by a pure open-loop rate adapt B€CTORIZSBEANE. 30
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15  but the retransmission request is generated only after detecting a gap in the
received sequence number space. Therefore, the RLP protocol requires the
processing of a subsequent received packet after the incorrectly decoded
packet. This procedure increases the overall transmission delay. Some
mechanism is needed to implement a quick retransmission of some or all of the
20 code symbols contained in the data packet, wherein the mechanism would
enable the access terminal to correctly decode the packet without incurring
excessive delays.
Hence, there exists a present need to modify the open-loop rate

adaptation method in order to minimize transmission delays and to maximize

25  the throughput rate as discussed above.
SUMMARY
The present invention is directed to a novel and improved method and

30  apparatus for modifying an open-loop rate adaptation algorithm to produce a

hybrid open loop/closed loop rate adaptation scheme. An access point



25 the throughput rate as di scussed above. SUWARY The present invention
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packets, allowing an access termnal tg transmt indicator nmessages to the
access point during periods associated with gaps inserted into the
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BRIEF DESCRIPTION OF THE DRAWINGS

15 The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

identify correspondingly throughout and wherein:

20 FIG. 1 is a diagram of an exemplary one-slot gap interlaced structure for
multi-slot packets;
FIG. 2 is a diagram of an exemplary uniform N- slot gap interlaced
structure for multi-slot packets;
FIG. 3 is a diagram of an exemplary non-uniform N-slot gap interlaced
25  structure for multi-slot packets;
FIG. 4 is a diagram of an exemplary STOP control indication for a multi-
slot packet;
FIG. 5 is a diagram of an exemplary EXTEND control indication for a
multi-slot packet; and

30 FIG. 6 is a block diagram of an exemplary embodiment of the invention.



FIG 5 is a diagramof an exenplary EXTEND control indication for a
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link pilot fromthe access points in the active set, as 20 received at the
access t er Gifesf data trapsmpisgen\iegapy | ascessi tegmninglsimgerenunicpiiensvdhmtheed add
thresh%d %ECJ[%gI %\&,{a predeterm ned drop threshold, the access term nal
reports'this PPHE access poi nt. Subsequent nessages fromthe access

poi nt direct thenARUSSShd BEHSEAbrrhihaR @dia®lishle &iBntliBcALGEMLPAhMcckb OF
fromits active set, "“respectively. 25 If there is no data to send, the

access ter pomall usisgua predeteaminet] acedsatproaeduredi §w dhisi coresectadansité,sidieon of
data rate information to the acgcess point(s VWiile the access terminal is
in the idl é‘cgetséF@Wﬁ%c%%’é’etcg’rtﬂﬂéﬁa%?ér%@?%‘?lﬁn%ﬁg‘c’%ﬁ?m the access
point, and is able to transmit data messages and control messages to the access
15 point. The access terminal then monitors the forward link for transmissions
from the access points in the active set of the access terminal. The active set
contains a list of access points in communication with the access terminal.
Specifically, the access terminal measures the signal-to-interference-and-noise
ratio (SINR) of the forward link pilot from the access points in the active set, as
20 received at the access terminal. If the received pilot signal is above a
predetermined add threshold or below a predetermined drop threshold, the
access terminal reports this to the access point. Subsequent messages from the
access point direct the access terminal to add or delete the access point to or
from its active set, respectively.
25 If there is no data to send, the access terminal returns to an idle state and
discontinues transmission of data rate information to the access point(s). While
the access terminal is in the idle state, the access terminal periodically monitors
the control channel from one or more access points in the active set for paging
messages.
30 If there is data to be transmitted to the access terminal, the data is sent by

a central controller to all access points in the active set and stored in a queue at



the control channel from one or nore access points in the active set for
paging nessages. 30 If there is data to be transmtted to the access

term nal wohesdeta is sent by a central controller to al PCRUS®ESS3§1I0I NtS iNn
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15  largest SINR measurement. The access terminal then identifies the best access
point and fransmits to the selected access point a data rate control message
(hereinafter referred to as the DRC message) on the data rate control channel
(hereinafter referred to as the DRC channel). The DRC message can contain the
requested data rate, or alternatively, the quality of the forward link channel
20  (e.g., the SINR measurement itself, the bit-error-rate, or the packet-error-rate).
In the exemplary embodiment, the access terminal can direct the transmission
of the DRC message to a specific access point by the use of a Walsh code that
uniquely identifies the access point. The DRC message symbols are exclusively
OR’ed (XOR) with the unique Walsh code. Since each access point in the active
25 set of the access terminal is identified by a unique Walsh code, only the selected
access point which performs the identical XOR operation as that performed by
the access terminal, with the correct Walsh code, can correctly decode the DRC
message. The access point uses the rate control information. from each access
terminal to efficiently transmit forward link data at the highest possible rate.

30 At each time slot, the access point can select any of the paged access

terminals for data transmission. The access point then determines the data rate



access point which perforns the identical XOR operation as that perforned
by the access termnal, with the correct WAl sh code, can correctly decode
the DRC wesssygge2 The access point uses the rate control Paf/osemEsdsIn from
each access termnal to efficiently transmt forward |ink data at the

hi ghest possible rate. 30 At each tinme slot, the access point can sel ect
any of the paged access termnals for @@&ta transm ssion. The access point
t hen determnes the data rate WO 01/89162 PCT/US01/15381 10 at which to
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copending U S. Patent Application No. 08/575,049, entitled ™METHOD AND
APPARATUS HERsSHEIHERM syt THEdatRanBMdsbly OeDATR RAIPEreduiests MIHTE -408ER

COVMUNI CATI, ON SYSTEM',,..fi |l ed Dece r 20, 1995 and 15 U.S. Pat.ent

Aopl 1 Cat 1 ol BTAE RGAIGeE ciEs N tar YT Bk GRBECARSAh APARHTLES! PR
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Adaptation In an HDR sxhstem an_open-| oop rate adaptation schene uses a

fast feedsaPRGREHS. Hagensl ApnlisationNen G%56n,089, entifed nMEEIED AdWan
access terym | j E |y
cocess, UM SRR R RRTINAIE TORNERSIR A AREHIN Y,
Hence, theMUOTFSIYUSER COMMUNICATION SYSTEM", filed December 20, 1995, and
15 U.S. Patent Application Serial No. 08/925,521, entitled "METHOD AND
APPARATUS FOR PROVIDING ORTHOGONAL SPOT BEAMS, SECTORS,
AND PICOCELLS", filed September 8, 1997, both assigned to the assignee of

the present invention and incorporated by reference herein.

20  Fast Closed-Loop (FCL) Rate Control Adaptation

In an HDR system, an open-loop rate adaptation scheme uses a fast
feedback channel to allow a transmission of a DRC message from an access
terminal to an access point while the access point concurrently transmits a data
packet to the access terminal on the forward data link. Hence, the access

25 terminal can command the access point to either terminate or extend the
current transmission in accordance with actual SINR conditions at the receiving
access terminal. In an exemplary embodiment, the fast feedback channel is
used to carry extra information as described below.

The forward link data rates in an HDR system vary from 38.4 kbps to

30  2.456 Mbps. The duration of each packet transmission in number of slots as well

as other modulation parameters are described in Table 1. In this embodiment, a
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153.6 1024 Y QPSK

5 204.8 3 1024 Y QPSK

6 307.2 2 1024 Ya QPSK

7 614.4 1 1024 Ya QPSK

8 921.6 2 3072 3/8 QPSK

9 1228.8 1 2048 ¥ QPSK

10 1843.2 1 3072 %) 8PSK

11 2457.6 1 4096 % 16QAM

Table 1 Forward Link Modulation Parameters

In an exemplary embodiment, the structure of the multi-slot packets is

modified to carry data in predetermined data slots, but not in predetermined

gap slots. When the multi-slot packets are structured in accordance with the

exemplary embodiment, the access terminal that is receiving the multi-slot

10

packet can utilize the duration of the predetermined gap slots for other

purposes. For example, the access terminal can use the time between the data

slots to decide if the packet can be correctly decoded with the soft code symbols

accumulated thus far.

The access terminal can use various methods for

determining whether the data slots have been correctly decoded, these methods

15

including, but not limited to, checking the CRC bits associated with the data or

estimating a predicted SINR based on received SINR of pilot and traffic

symbols.



pur poses. For exanple, the access term nal can use the tinme between the
data slots to decide if the packet can be correctly decoded with the soft
code synivobs1/8|a6zunul ated thus far. The access term nal CROT/WSE/\381 OUS
met hods for determ ning whether the data slots have been correctly
decoded, these nethods 15 including, but not limted to, checking the CRC
bits associated with the data or estinfd2ing a predicted SINR based on
received SINR of pilot and traffic synbols. WO 01/89162 PCT/US01/15381 12
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i ndi cat or nmessages fromthe access termn to the access polnt, ich
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transm tt edlotdassoRekBivitt tHédtahsmission of the 8-slot packet example.

15 In addition to DRC messages, this embodiment permits the transmission
of indicator messages from the access terminal to the access point, which
indicates a reception status of the access terminal, such indicator messages
including, but not limited to STOP indicator messages or EXTEND indicator
messages. It should be noted that the usage of indicator messages herein

20  described for this embodiment are applicable for other embodiments that
follow.

In an HDR system, code symbols that are transmitted in a packet at data
rates of 3072 kbps and below are repeats of the code symbols that are
transmitted in a packet at 614.4 kbps.e1l In general, most of the code symbols

25 transmitted in a given slot are shifted repetitions of the code symbols
transmitted in the first slot of the packet. The lower data rates require a lower
SINR for a given low probability of packet error. Hence, if the access terminal
determines that channel conditions are not favorable, the access terminal will
transmit a DRC message requesting a data rate below 614.4 kbps. The access

30 point will then transmit multi-slot packets in accordance with the structure

described in FIG. 1. However, if the actual channel conditions improve so that
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adaptation car be per ormad optim ze resour ces
15 access point during slot n+5. Upon receiving the STOP indicator message 220,

the access point will cease transmitting repetitions in the remaining allocated
data slot n+6 and begin the transmission of a new data packet in slot n+6.
Unused allocated slots can be reassigned to another packet transmission
directed toward any access terminal. In this manner, a closed loop rate

20 adaptation can be performed to optimize resources when actual channel
conditions allow for a higher data rate than the one specified in the original
DRC message based on estimated channel conditions. In the example above, an
effective data rate 4/3 times higher than the original requested data rate is
achieved by sending the STOP indication.

25 In another aspect of this embodiment, an indicator message can be sent
from the access terminal to the access point to enable more repetitions of the
code symbols whenever the actual channel conditions are worse than the
estimated channel conditions. The indicator message can be referred to as an
EXTEND indicator message. Another use for an EXTEND indicator message

30  arises when a one slot packet is incorrectly decoded by the access terminal. In

this case, the access terminal may transmit an EXTEND indicator message



conditions allow for a higher data rate than the one specified in the
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advant age of an i nprove t hroughp rate, which is achieved by the

15  received single-slot packet, the access terminal can send an EXTEND indicator
to the access point, requesting retransmission of the packet, if the first single-
slot packet has not been decoded correctly. This aspect of the embodiment has
the advantage of an improved data throughput rate, which is achieved by the
initial transmission of a high data rate. In accordance with this embodiment,

20  the high data rate transmission can be adjusted according to actual channel
conditions. FIG. 3 also illustrates this aspect of the invention. If the DRC
message 310 carries a data request of 307.2 kbps, then data is transmitted in
slots n and n+2 at the requested rate. However, if the access terminal detects an
improvement in the channel conditions, the access terminal can send a DRC

25 message 330 carrying a data request of 1.2 Mbps. The access point will then
transmit a single-slot packet at 1.2 Mbps in slot #+5. During the time associated
with the gap slot n+6, the access terminal detects a deterioration in the channel
conditions, which necessitates the retransmission of the data in slot n+5. A
EXTEND message 340 is transmitted and the access point retransmits the data

30 fromslot n+5 in slot n+7.



initial transm ssion of a high data rate. In accordance with this
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open 100P, 12 3k, ASPRIGLID RIS el ORI Re Aaheg et 2t e

adapt at | onjpldiAhitt ety ofitheshR@ hifeRBBRG& Slarkie® ub&Y 85! th@bpen loop

15  rate adaptation scheme, but it should be noted that another separate channel

may also be used to implement the closed loop rate adaptation method without

altering the scope of the invention.

Another aspect of implementation is the formulation of the indicator

messages. In an embodiment wherein only two indicator messages, the STOP

20  indicator message and the EXTEND indicator message, are designated in the

system, the system needs only use one bit to carry the indicator message. DRC

messages carry multiple bits for rate selection and access point identification,

but only one bit is needed to indicate a STOP indicator message or an EXTEND

indicator message if the system discriminates the context of the bit upon usage.

25  For example, an indicator bit may be designated as a FCL bit. If the access

point detects the presence of the FCL bit from an access terminal in slot 7, then

the access point will interpret the FCL bit as a STOP indicator message if a data

slot of a multi-slot packet directed to this access terminal is scheduled for

transmission in slot n+1. However, the access point will interpret the FCL bit as

30 an EXTEND indicator message if a packet scheduled to this access terminal and

according to a requested data rate ended exactly in slot n-1. Alternatively, the



Anot her aspect of inplenmentation is the fornulation of the indicator
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accessli er sénvab snany @ecdsh etepmirrdbisindey thehprolmddkigt thdtopadkets Y@na given
access terminal would be contiguously scheduled is reduced.

In another embodiment, the indicator messages can be transmitted on a
separate assigned channel, which can be created using extra Walsh functions on
the reverse link. This approach has the extra advantage of allowing the access

20  terminal to control the reliability of the FCL channel to a desirable level. In the
embodiments described above, it should be observed that only one access
terminal should be transmitting at any given time. Therefore, it is feasible to
increase the power allocated to transmit the indicator message without
affecting reverse link capacity.

25 As noted previously, the access point can maximize efficiency by
transmitting data to other access terminals during the gap slots.

FIG. 4 is a diagram of an exemplary interlaced structure for multi-slot
packets, wherein the predetermined data slots and the predetermined gap slots
are interlaced in a uniform N-slot pattern. This embodiment will be referred to

30  hereafter as the uniform N-slot gap pattern. Multi-slot packet 400 is

transmitted from an access point to an access terminal with the data contained



access term nal would be contiguously scheduled is reduced. In another
enbodi nent, the indicator nessages can be transmtted on a separate

assi gned wdansmby whi ch can be created using extra Wal sh Panoseionssion t he
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i gher 15  optimal value for N, the worst case delay must be taken into account when
selecting the interlacing period.

In another aspect of this embodiment, the delay caused by the uniform
insertion of gaps enables the access terminal to determine the estimated SINR
during the reception of the data slots and transmit a DRC message

20  advantageously.

In addition, extra slots of delay can be inserted in the multi-slot packet to
enable the access terminal to transmit additional messages to the access point.

In a manner similar to the transmission of indicator messages for the
one-slot gap pattern embodiment, STOP indicator messages and EXTEND

25  indicator messages can be used in the uniform N-slot gap pattern. In addition,
the formulation of the indicator messages can be accomplished using only one
bit, if the system discriminates the context of the bit upon usage. For example,
an indicator bit may be designated as a FCL bit. If the access point detects the
presence of the FCL bit from an access terminal in slot 7, then the access point

30  will interpret the FCL bit as a STOP indicator message if a data slot of a multi-

slot packet directed to this access terminal is scheduled for transmission in slot
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18 n+l. However, the access point will interpret the FCL bit as an EXTEND
i ndi cat or HEyedgenigrogegsadifer thisipadkete df noneoif shescaituatiansrraapplieatder di ng
to a requesgte a rate,. ended exactly in slot n-p+l, wherein p is the
period of ﬁﬁﬁnH%?g@]lﬁéﬁ%%edié?%rg?cg%a?%S%%lagﬁ‘cess ternminal . Alternatively,
the acqess poi NtE1GAB i 23i88rd M o7 AR BlertdXendy dbi f&@ L FRL or
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the predet evimitP§let @asket 500 is structured so that delays interlaced between data slots
15  are a function of the data rate. The number of gap slots required between data
slots of a packet at rate i, say N(i), is fixed and known by all access terminals
and access point. Although this embodiment allows for the latency of each data
rate packet to be minimized, there are a certain number of constraints that the
access point must satisfy when scheduling the packets for transmission. One
20 such constraint is the prevention of overlapping data slots.
As an example of the non-uniform slot pattern, the DRC messages of
FIG. 5 can be used to transmit data in staggered patterns. In this example, DRC
message 510 requests that data transmitted in slots n-2, n+2, and n+6 be
transmitted at 204.8 kbps. DRC message 520 requests that data is transmitted
25  in slots n+1 and n+3 at 921.6 kbps. DRC message 530 requests that data is
transmitted in slot n+8 at 1.2 Mbps. Although the individual DRC messages
are for periodic transmissions, the periodic transmissions are combined to
create an aperiodic, non-uniform pattern. It should be noted that there is a
constraint as to the data pattern initiated by DRC message 520. A two-slot data
30 packet with a one slot gap in between the pair of data slots could have been

scheduled to begin transmission at n+1 or n-1, but not at n. If the pattern had



slots are interlaced in a non-uniformslot pattern. This enbodi rent of the
invention will be referred to hereafter as the non-uniform N-slot gap
pattern. wobi/gdtesl ot packet 500 is structured so that del pgEUSOIEBs1aced
bet ween data slots 15 are a function of the data rate. The nunber of gap
slots required between data slots of a packet at rate i, say N(i), is

fi xed and known by all access term nal si9and access point. Although this

enbodi ment allows for the |atency of each data rate packet to be
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of the bit JHPERTHRAY$ndicfor @¥adHREES a2PadledisEREMIR! o RY aP&sS gSingaled as
a FCL bit. If the access point
15  according to a requested data rate, ended exactly in slot #-N{(i), wherein N(i) is
the number of gap slots required between data slots and i indicates a data rate
index number. Alternatively, the access point can also interpret the FCL bit as
an EXTEND indicator message if a previous EXTEND indicator message caused
the retransmission of a slot of a specified packet exactly in slot n- N(i) and less
20 than N, EXTEND indicator messages have been processed for this packet. If
none of these situations are applicable, then the bit can be discarded as a false
alarm.
Various advantages are achieved when using the uniform slot gap
pattern over the non-uniform slot gap pattern and vice versa. A system using
25 the uniform slot gap pattern could achieve maximum slot efficiency by
staggering periodic patterns across all slots. For example, in a uniform pattern
wherein slots 1, n+4, n+8, . . . are assigned to one access terminal, a second
access terminal can be assigned slots n+1, n+5, n+9, . . . , a third access terminal
can be assigned slots n+2, n+ 6, n+10, . . ., and a fourth access terminal can be

30 assigned slots n+3, n+7, n+11, . . .. In this manner, all slots are fully utilized to

increase the efficiency of the network. However, in certain circumstances, it



10 detects the presence of the FCL bit froman access termnal in slot n,
then the access point will interpret the FCL bit as a STOP indicator
nmessage iwoarslsa slot of a nmulti-slot packet directed tPCT/BGL/E#GRIESS
termnal is scheduled for transmssion in slot n+l. However, the access
point will interpret the FCL bit as an EXTEND indi cator nessage if a
packet scheduled to this access term nabs 15 according to a requested data
rate, ended exactly in slot n-N(i), wherein N(i) is the nunber of gap
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15  with the results from SINR estimation element 722. The open loop rate control

element 723 generates a DRC message to be sent over the reverse link to the
access point 700. The DRC message is decoded at the DRC decoder 713 and the
results are sent to the scheduler 712 so that the access point 700 can schedule
data transmission at the specified requested rate in the slot following the
20  decoding of the DRC message. It should be noted that the elements so far
described are performing the open loop rate adaptation algorithm described
above. The FCL rate control process is implemented by the scheduler 712 with
the generation of interlaced packets as described above and the closed loop rate
control element 725, which optionally allows the access terminal 701 to

25  implement an FCL rate adaptation.
In FIG. 6, a one-slot gap pattern is implemented by scheduler 712 to
serve two access terminals simultaneously. Thus, the access point 700
maintains two independent buffers, transmit buffer A 710 and transmit buffer B
711, in order to maintain the code symbols needed to generate a new slot
30 repetition or slot extension. It should be noted that more transmit buffers may

be utilized in accordance with the embodiments described herein.



be preferable. FIG 6 is a block diagram of an apparatus for perform ng FCL
rate 10 control in an HDR system Access termnal 701 perfornms SINR
estimati omoangbi6predi ction at SINR estimation el enent 722PORE8d/1BAS1t he
strength of the received forward |ink signal from access point 700. The
results fromSINR estimation elenent 722 are sent to open |loop rate
control elenment 723, which inplenents 2he open |oop rate control algorithm
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utilized in accordance with the e di nents descri bed herein.
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termnal 701. Wile I ng the data packet, the access term nal 701 may
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e
el ement  72poirByi0Dedan tlirfiBlntatéd 86 keSarat® c@inhohBnts or can be implemented

15  using a single processor and memory. Likewise, the decoder 720, buffer 721,
SINR estimation element 722, open loop rate control element 723, and the
closed loop rate control element 725 at the access terminal 701 can be
implemented as separate elements or can be combined on a single processor
with memory.

20 Outer loop rate control element 724 may be inserted to compute long
term error statistics. The results of such statistical computations can be used to
determine a set of parameters that can be used adjust both the open loop rate
control element 723 and the closed loop rate control element 725.

As discussed herein, the FCL rate adaptation method may decide to send

25 an indicator message, such as a STOP indicator message or an EXTEND
indicator message, to an access point. This method provides a fast correction
mechanism to compensate for inaccuracies of the open loop rate control
scheme. A multi-slot packet transmission can be stopped when there is
sufficient information to decode the packet. Alternatively, a slot of an on-going

30  multi-slot packet transmission can be repeated when successful decoding is not

guaranteed.



the ordered delivery of decoded information fromthe decoder 720 to the
upper | ayer protocols, which will not be described herein. The closed | oop
rate comooi/sabenment 725 can use results from either thePdpUSUers3si20 or
the SINR estimation elenent 722 to determ ne whether to generate an

I ndi cation 10 nessage. The indication nessage is transmtted on the reverse
link to the access point 700, wherein 2h FCL indicator decoder 714 decodes
the indicator nessage and feeds the decoded indicator nessage to the

schedul er 712. The Fekratadaptation mythodedlenémprags hedhroegimout raieibyat or
decoder 714.at .access Int_ 700 can,be inplenented as separate.conponents
or can be FHBENERTEaPes o fe SoBRRL P GEILBE SRt gl TiHe RS, t he
decoder 72Qjot Eﬂﬁl@@c@ af %j%her $hidR Shtd tRIFCD rﬂe%@?at?&?meﬁﬂ%‘alﬁ@&@ o
control element 723, and the *closed |loop rate control elenent 725 at the
access t er hiamaissddn ofan lestenidey|sbotenftdeada s higharatd pacdet rrmhst lsy decdede

conbi ned on a Sifg\ﬁl e processor _wth nmenory. 20 Quter | oop rate control

el enent ? 728ugressiylly; nél:‘l‘\r?’éiﬂhﬁ‘bt o AlsGr BnpEed MR Ehe éuplsgé'tei adlaptatiophe f
| : nSet . .
bar et or s 00 St 3 hER-LATRLEE, cRy FAM 3EURE] KO SPE] Rodk Bt e ron

723 and th@oﬁ{rgpggoh@m,rate control elenment 725. As discussed herein, the
FCL rate adaptation nethod may decide to send 25 an indicator nessage,
such as a STOP Fodiezatple rreseperelanp mate ExmERDschende can be desigagkbso tlatan

access point. This, nethod provides a fast correction chanismtaq
corrpensgt ea?%topleﬁa]@(%’r 5@%‘501"3‘70%5}?}%(;“8]]‘ déFSr HEBECOME P Itpas%ﬁ@m‘é".lﬂha

mul ti - ghot B . .S LClient
"o or o | R eElShrdr 200 P A BOAREH OO ARUP AR eFortleTiraPlb sl
mul ti - sl ot PERchdett rhostiSbias theoand efitHecextepdad slot. WAarexserahebsbtivodéd adidng i s

not guaranteed. WO 01/89162 PCT/US01/15381 22 The FCL_rate adaptation
met hod al st ileast ot 6lB oheavieragru GHYR: in addlign tal anyitimge tdizewilan grsopndat e

Cont 01 S DG o ALY B TR AR b 1 A"
algorithm can target a PER of 1% at the normal end of the packet. Hence, there
15 would be a large probability of packet success with a reduced number of slots,
which corresponds to a higher than expected rate. In addition, an extended slot
would provide an extra margin for successful decoding if necessary, thus
reducing the requirement of a delayed retransmission. It should be noted that
SINR values for optimal efficiency will vary according ‘to the various
20 modulation techniques implemented in the network, so that the possible
implementation of various SINR values as threshold values are not intended to
limit the scope of the embodiments described herein.
In addition, the decision on whether to generate a STOP, EXTEND, or no
FCL indication based upon SINR calculations should not be very aggressive,
25 otherwise the probability of packet errors would be dominated by the
probability that the closed loop rate control algorithm will erroneously assume
that a packet can be correctly decoded.
The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention. The
30 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



transm ssion of an extended slot of data if a high rate packet cannot be
decoded 5 successfully. Throughput is also inproved when the FCL rate

adapt at i mo orrestitbod stops a nulti-slot packet earlier thanPerpsetsasiby t he
open loop rate <control algorithm For exanple, an open |oop rate control
schenme can be designed so that the open |loop rate control selects high
rates using one-slot packets with a 102packet error rate (PER) of
approximately 15%after the end of the first slot and a PER of at nost 1%
at the end ohengrabedinaenis avishait. thamseafdhadaventste faculty ddas, tie present 3 dB
of average.SINR. in. addi.tion t ny. ti diversity. gain and uncturjing | oss
Ceduct i on. TEsRiRT ticdeRded fa PEmHET so e pRboUmtas shovm Rerety Byt ¥
can target 1§ RERcESrdbd fle WiBedtO5EBHe @bfsifent RFitRAGE rin'EﬁﬂéTse anHNRbFellS
woul d be a large probability of packet success wth a reduced nunber of
slots, whifedtuecesrdisdpsettlserein.a hi gher than expected rate. In addition, an
extended slot would provide an extra margin for successful decoding if
necessafy, thus reducing the requirenment of a delayed retransm ssion. It
shoul d be Qgtqgﬁ& SINR val ues for optinmal efficiency will vary
according ,to0 € various 20 nodul ati on techni ques inplenented in the
network, so that the possible inplenentation of various SINR val ues as
threshol d values are not intended to limt the scope of the enbodi nents
descri bed herein. In addition, the decision on whether to generate a STOP,
EXTEND, or no FCL indication based upon SINR cal cul ati ons shoul d not be
very aggressive, 25 otherwi se the probability of packet errors would be
dom nated by the probability that the closed |oop rate control algorithm

wi |l erroneously assunme that a packet can be correctly decoded. The

previ ous description of the preferred enbodinents is provided to enable
any person skilled in the art to nmake or use the present invention. The 30
various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to WD 01/89162 PCT/ US01/ 15381 23 other enbodi nents w thout the use
of the inventive faculty. Thus, the present



invention is not intended to be limted to the enbodi nents shown herein but
is to be accorded the w dest scope consistent with the principles and
novel f&a0uor/ggeni scl osed herein. 5 WVE CLAIM WO 01/ 89162P€TTA0IAG3$115381
24 CLAIMS 1. A nethod for increasing the data throughput rate of a
comuni cation 2 network, conprising the steps of: generating a plurality
of data slots and a plurality of gap sI®s at an 4 access point, wherein
the plurality of data slots are inter] eaved with the plurality of gap
slots to forma plurality of packetsCIAMM8nsnitting the plurality of
packets to an access termnal; and detecting the plurality of packets at
the access termnal, wherein the 8 access termnal transmts at |east one
i ndi cator nmessage to the access point indicating a reception status. 2.
The method of Claim1, wherein the plurality of data slots are 2

interl eaved. wi t A tiethed fonindryasifig dhe datatlsrdughput abtecohatdongmpatdadion. 3.
The nmethod of Caiml, wherein the plurality of data slots are 2

i nt er | eavede ok CARPEIsRGMeSfeRT OGap sl ots such that every Nth slot is a

gap slot. 4. T . i mel [ e al Lk, of t ots
are 2 interl eavggnévaﬁbﬂggﬁgl%ﬂg&ﬁgmft %a%é?ﬁé%pgg{l& Bﬂllrlﬁ{f@c 8%@?3%%@?%\% %han
aperi odi ¢ a8dessiGpothe. wherdin"iieh plufadity | 6 daas ishis t4ie HaéAedVHOWERP Uher at e
for transm ssions from 2 an access point to an access termnal, conprising

the steps gluralinef gap slgtatopfoumed plurabity efapacketscket s at the access poi nt
for trapsm ssio 4 to. t acce termngl, wherein each of the plurality
of dat aé]pac ket's ﬁgBWﬁwﬁeiﬁuﬁ'ai@P?Bﬁ‘ék%? i an afEst Fﬁnﬁgﬂgégdpoi nt

desi gnat es eaChd@’teQﬁngnth%ﬁfﬁr_ ity BE paksWiatie ¥cdeb %’n&&%&&iﬁ%ﬁ@ data
slot or a gap slot; tFransmttin thgpl urality o? dsata packets to the
access & er ntaea$ temimal transmits at least one indicator message to the access point

indicating a reception status.

2. The method of Claim 1, wherein the plurality of data slots are

2  interleaved with the plurality of gap slots in an alternating pattern.

3. The method of Claim 1, wherein the plurality of data slots are
2  interleaved with the plurality of gap slots such that every N" slot is a gap slot.

4. The method of Claim 1, wherein the plurality of data slots are
2  interleaved with the plurality of gap slots in accordance with an aperiodic

structure.

5. A method for increasing the data throughput rate for transmissions from
2 anaccess point to an access terminal, comprising the steps of:
generating a plurality of data packets at the access point for transmission
4  to the access terminal, wherein each of the plurality of data packets comprises
at least one slot, and the access point designates each slot in each of the
6  plurality of data packets as a data slot or a gap slot;
transmitting the plurality of data packets to the access terminal at an

8 initial data rate;



8 initial data rate; WD 01/89162 PCT/ US01/ 15381 25 determ ning a set of
esti mated channel paraneters at the access termnal; 10 transmtting a
data reqwe@bi/smssage to the access point based on the setPCDUSESBS$IAL €d
channel paraneters, wherein the step of transmtting the plurality 12 of
data packets to the access termnal is perforned in accordance with the
data request nessage; 14 determ ning a2%et of actual channel paraneters at

the access L er Magalrmind A0S el LAGLEALALIBRIAANLOCLIR BHEERR DOT T

if the set of ac annel paraneters passes a pr ermned quality

amount 10wher ei n titahengtiBiy ofdatd st hiedghdestondielaetepaltt bagdaot iesdier i od
associated with at |east one 18 gap slot; and nodifying a subsequent data
packet for of eatimatesschanned paramelcts yshergin thersiep of tiamsauingithecplunlity t he

i ndi catQr e recejved at the access int. . .6. The nethad qf aim5,
wher o1 21 T FR RaGr IRAEdeeia i 3 pRlpBaed Sactitielge Wb e "o
actual chap P{ABRIELrs indicates a noise level less than a noise |evel
associ at ed gﬁl%s theg%et' of estimated channel paraneters. 7. The method of
A ai m 34 wher ei detdrmihitd £ sé¢taf actss ahennd panaxsteendt the ddddsaatoinadessage i f

the set of actual channel paraneters indicates a noise |evel greater than
a noi se | evel adEBsTditEw ap indicaiorJaessage & theraewss pRimtriéthe setfragiwaler s,

8. The t im5 ein.t indi cat or,..mMessage, ¢ ri ses bit 2
Cecel vl aofndt parRhers IS Bt Uty T BRERL SRR B e ne
plurality of teakmi BlSerfdk nR&L AUERBCE tivAd Perddd akiSHAREI WHhRATERE Bne.
wherein the 4 step of nodi fying the subsequent data packet for transm ssion
to thel8ccegep slateand nal conprises the steps of: 6 deciding the bit is a

request for a ternj.pation of transm.ssion jf repetition of one of the
plurality of daff%f’rgdgeﬁgté subsgeventq¢lata Wéﬂfﬁ?tegoq dranspygsion 19, the fgeesgi ng

the biboi s @nhitdHeStccbiard BWAR TR ARiCMof fnelth g fefAY¥A bt AP HEiEhint.

6. The method of Claim 5, wherein the indicator message is a stop indicator
2 message if the set of actual channel parameters indicates a noise level less than

a noise level associated with the set of estimated channel parameters.

7. The method of Claim 5, wherein the indicator message is an extend
2 indicator message if the set of actual channel parameters indicates a noise level
greater than a noise level associated with the set of estimated channel

4  parameters.

8. The method of Claim 5, wherein the indicator message comprises a bit
2 received during a slot n, and the access point designates each slot in the
plurality of data packets in accordance with an alternating pattern, wherein the
4 step of modifying the subsequent data packet for transmission to the access
terminal comprises the steps of:
6 deciding the bit is a request for a termination of transmission if a
repetition of one of the plurality of data packets is already scheduled for slot
8 n+l;
deciding the bit is a request for retransmission if an already transmitted

10 packet ended transmission in slot n-1;



10 packet ended transm ssion in slot n-1; WO 01/89162 PCT/USO1/ 15381 26
deciding the bit is a request for retransmssion if a previous indicator

bit 12 oceosssbiez retransm ssion of an al ready transm ttedPQRURE15881 S| ot
n-1 and fewer than a predeterm ned nunber of retransm ssions have been

al ready processed 14 for the plurality of data packets; and deciding the
bit is afalse alarmif no conditions apg satisfied. 9. The nethod of C aim
5, wherein the indicator nessage conprises a bit 2 received during a sl ot
n, and the acceskcishngithebitigaaequesddenhrattasniipsiohdf a pirevialis iydiodtod dita

packets.in accoydance wth.a pgerio erei. he step of 4 nodjfying the
subseqﬂgnt gusey pAEWARSIGSIqL gﬁ%ﬁ&@?@ﬁ%s’ ﬁe%mségt ]Be'??ﬂji #d ancu‘%ﬁq ses
t he steps ; Wl [C1 g ] i

tranam oai R 15 eRp R S Bier oF 2R RS SRR Bressed |

al r eadyl4s cHedthegalutalitysdfalata Patkiets; agheici di ng the bit is a request for
retransmssion if an already transmtted 10 packet ended transm ssion in
sl ot n-p+1; decidgciddng filke bittis pdalge plagmes nofconditiansearesntisfiesh i f a previ ous
indicator bit 12 caused a retransm ssion of an already transmtted packet
in slot n-p+l, and fewer than a predeterm ned nunber of retransm ssions

have been gl readye l%létmfclpfée@iﬁ% 5oty Her&n e igbidaYoOfed RARBRLS o B

deciding the bit is a false alarmif no conditions are satisfied. 10. The
met hod @f Geaived, duieg & slathe andi that accese poage desigpatesesach kot in2the

received during. a slot n, erein the step.of nodifying the sybsequent data
packet for Hl'r”‘ég@‘noi‘f%ﬁ Ras F?eu‘aé%galﬂcérwilﬁ%a? F@éfﬂﬁlpsé‘éhecrﬁ’é‘ éleeiﬁpcﬁf: 4
deci di ng t f j 'Eﬁﬁ-rn' ' if -
repeti tigonq%?&iﬁllggitp @ti@gﬁé‘%lgl ‘?‘{tﬁéﬁc E%itg’}tdga%%lg e éloﬁs%aﬁ{rge%c%&gtce#éﬂﬁ?led for
slot 6 n+kp Bedtigstepeoi t is a request for retransmission if an already
transmtted packet ended transmssion in slot n-N(i), , wherein N(i) is
t he nunmber of g&eciding the bit is a request for a termination of transmission if a
repetition of one of the plurality of data packets is already scheduled for slot
8 n+l;
deciding the bit is a request for retransmission if an already transmitted
10 packet ended transmission in slot n-p+1;
deciding the bit is a request for retransmission if a previous indicator bit
12 caused a retransmission of an already transmitted packet in slot n-p+1, and
fewer than a predetermined number of retransmissions have been already

14 processed for the plurality of data packets; and

deciding the bit is a false alarm if no conditions are satisfied.

10.  The method of Claim 5, wherein the indicator message comprises a bit
2 received during a slot 1, wherein the step of modifying the subsequent data
packet for transmission to the access terminal comprises the steps of:
4 deciding the bit is a request for a termination of transmission if a
repetition of one of the plurality of data packets is already scheduled for slot
6 n+l;
deciding the bit is a request for retransmission if an already transmitted
8 packet ended transmission in slot #-N(i), , wherein N(i) is the number of gap

slots between data slots and i indicates a data rate index number;



sl ots between data slots and i indicates a data rate index nunber; WO
01/89162 PCT/US01/ 15381 27 10 deciding the bit is a request for
retransmve@ooseibf a previous indicator bit caused a retrpOBUSEISISERT of an
already transmtted packet in slot n-N(i), and 12 fewer than a

predet er mi ned nunber of retransm ssions have been already processed for
the plurality of data packets; and 14 deciding the bit is a false alarmif

no condjtions ar isfied. hod of Claim5. whereipn the,set of
act ual (ﬂ():hannel 8%?%@%58&? éé?‘r%%ggé@pléet%inéﬁg?s}?%-lﬁPjé?Vflg?SeHEdgca&%b oi se
ratio. , 12ausBdea RiAGENAEsidA ¥ Mndalrddthf SlahshiiftedtRRKeE iWl QI AINT)NENE Set
of actual 2 channel paraneters conprises the step of decoding the

plural i2y é&dwerathampac predeternnirtdde naotes soft eetramshissiond ehasrenbeen aleadiet
error event, V\h%epr&ﬁ%n i‘he packet é error event indicates a good data packet
reception BFogssediferdhg nb of da 6: 288 The nethod of daim 12,

wherei p,the ste fa L . } . ts at the access
term ng conpri Esiggdtuﬂgﬁg%%gs %&3563%%{% i1%%g§8%?ﬁi§)§ﬁg%%§lso c;ac':l i ¢ redundancy
check (CRC) bits; and 4 conparing the decoded plurality of CRC bits with an
estimated quali tﬁ metric, wherein the estimated quality nmetric is conputed
fromthe sél. of The metharhoé§ lainadmavheyeinathe eetsof adtuairigbammes! eetanteta@sai m 5,
whereinythe step of transm.tfi the indi.catgr 2 nessage to the access

poi nt c%rrpF?@&gFTﬁ@ SM’EOBWH%?%W%%W%ynbOI s to deternmine a
probability value for 4 transmission errors; and transmtting an extend

i ndi cator nessage if the probability value for 6 transm ssion errors is
greater thad a fhedeeidron ofeGlamobnvherehn tHdstepeshdeteahirGhgiaset 2f asheslei n

t he i ndjcator ssage conprises a_bit 2 received during a slot n,_and the
access $oi ﬁbﬂgg iPgrameters sempsisey thestemef derasling sheplyn gtapegketsng

at the access terminal to determine a packet error event, wherein the packet
4 error event indicates a good data packet reception or a bad data packet

reception.

13.  The method of Claim 12, wherein the step of decoding the plurality of
2 data packets at the access terminal comprises the steps of:
decoding a plurality of cyclic redundancy check (CRC) bits; and
4 comparing the decoded plurality of CRC bits with an estimated quality
metric, wherein the estimated quality metric is computed from the set of

6 estimated channel parameters.

14.  The method of Claim 5, wherein the step of transmitting the indicator
2 message to the access point comprises the steps of:
processing code symbols to determine a probability value for
4  transmission errors; and
transmitting an extend indicator message if the probability value for

6  transmission errors is greater than a predetermined amount.

15.  The method of Claim 12, wherein the indicator message comprises a bit

2 received during a slot n, and the access point designates each slot in the



plurality of data packets in accordance with an alternating pattern,
wherein the 4 step of nodifying the subsequent data packet for

transm ssvon1/8061 he access term nal conprises the steps PET/USOIAEBSE81di ng t he
bit is a request for a termnation of transmssion if a repetition of one
of the plurality of data packets is already scheduled for slot 8 n+1;
deciding the bit is a request for retraggmssion if an already transmtted

10 packet ended.transmssion.n slof n-1:-. deciding.the bit is,a request for
et Fansm soraey DRASAERE prheodlanke i ST Btk nibn Sl EEn o
an alr e@dYS’JeFaﬁﬁ mcsdigﬁng%@éubbé%@rﬁtdaa;pmt ff6MVBlansti@ion 16 tRE &lceédyl ned
nunber of retransm ssions have been already processed 14 for the plurality
of data patdetinal eordprises itersgeptshef: bit is a false alarmif no conditions are

satisfied. 16. The net g;%d of Claim12, wherein the_ indicator nessage
conpri s®s a bit degiding dngcbit dara ggauest| Bx A, teaminatien & cleansipispien if a

per i o b Serbion Bheh@ ol tfs PRl ity iRk el ahdn BRI RSP

transmgsigpito the access termnal conprises the steps of: 6 deciding the
bit is arequest for a termnation of transmssion if a repetition of one
of ‘the plural it decdingathe bidkeatreqiiest 4br eetignspaivsiduliban falready dtansdnitted ;

deci di the .bit is request for retransmssion if an already transmtted
10 pacﬁgt Bﬁé@&%ﬁ%@%@%@%ﬁéﬁ)&ﬂi- p+l; deciding the bit is a request
for retransm ssj b i jdadi 0 fcaa]?& : . SSion
of an al ready tpgﬁgn]‘{l%&éég%gécﬁg‘gqqé%gg ot %\a—n g}ﬁs,ﬁﬁl e&g?&stj%lgltﬁéag&smt
predet €2 m oeubedlarbettardmissibn i sm slseaelystraaveithat pacitat @adlot 114 apdofeesased for

the plurality of data packets; and deciding the bit is a false alarmif no
condi t i onsthiea Pxederrained ywumbes of soirmusInissions 1s3g beepalrepdy precessedod of

Gaim 2. Wakeidhubdify ebEA QlellFssgoe comprises a bit

deciding the bit is a false alarm if no conditions are satisfied.

16.  The method of Claim 12, wherein the indicator message comprises a bit
2 received during a slot n, and the access point designates each slot in the
plurality of data packets in accordance with a period p, wherein the step of
4 modifying the subsequent data packet for transmission to the access terminal
comprises the steps of:
6 deciding the bit is a request for a termination of transmission if a
repetition of one of the plurality of data packets is already scheduled for slot
8 n+l;
deciding the bit is a request for retransmission if an already transmitted
10  packet ended transmission in slot n-p+1;
deciding the bit is a request for retransmission if a previous indicator bit
12 caused a retransmission of an already transmitted packet in slot n-p+1, and
fewer than a predetermined number of retransmissions have been already
14  processed for the plurality of data packets; and

deciding the bit is a false alarm if no conditions are satisfied.



2 received during a slot n, wherein the step of nodifying the subsequent
data packet for transm ssion to the access termnal conprises the steps
of : 4 deswdpngpithe bit is a request for a term nation of PCEUSH/S3%$1I0N if a
repetition of one of the plurality of data packets is already schedul ed for
slot 6 n+l; deciding the bit is a request for retransmssion if an al ready
transmtted 8 packet ended transmssiop@in slot n-N(i), wherein N(i) is a

mb f l.ot t dat | ots. apd i j.ndicat data rate_ ind
unber ;1038601 ciitgmeRB ik CIREcL2 Sy P It G et TS BUA ous
number ;10 ‘dec e P ous
R e i e A S A e G g

have been gatkédyr tpheeesiacid e debesspbtinglal tymprisdatir pgskets; and 14
deciding the bit is a false alarmif no conditions are satisfied. 18. A
system4or incr &siding tthe listia a2 mequesipfar patesmination of nirgasmissiory éfma 2 an

access point tq.an acces erm nal onpri_si a_processo t. t access
poi nt conF?%ﬂﬁécHl Pgoagﬁ’irt ?é{f‘ f%fi’;r"g@% P&Fﬂgﬁﬁtléraﬁrga&é&‘ffi%‘%&eérf%{ §f°3nd gap
slots for ,Ajtransmssion to the access ternmnal. 19. The systemof Caim
18, further conprising a processor at the access 2 termnal configured to
decode the pl ur decidingthe bités heageestdat setsdretnsissiod ifjap aliehdy srardetietedi ne a
qual ity val ue, associ ated with transm ssions fromthe access 4 point to the
access % er RRRkEL ergledatransnigsion inslet #-Nfilevthergiadghbis 3 pumber S5 gP<doten i n

accor danceb\gjt‘;f%er[ ﬁ%ﬂ%ﬁ%%%ﬁéiélg‘fliﬁ%ﬁeﬁ&'a’fg?%riﬁa& hﬁﬁ@% tor 6 nessages in

accordance Wt eréin theé Tn ‘or message is

generai@d and t idegisiihg tedbit & & RERGE ESSrabRInBiskion fh Previid®s RRYIEREr bit
associated 8 with at |east one gap slot. 20. The apparatus of C aim 19,

wher ei n t heagsesl ptrptraapmission géeer alirerdy yanamitted pagkel imslater-Afd, and
interference valﬁe. WD 01/,89162 .PCT/ %%0#5381 30 .21. hThe Eg ar ?tu of
Oaim 19, WREFRITAR e PAUARIFTIINGd) THMRET foh BrtRRmBYsHgns hayepBryalicady,
val ue baseg grstfeidanepodabtybrlihbpRkeihAd S! ot s.

14 deciding the bit is a false alarm if no conditions are satisfied.

18. A system for increasing the data throughput rate of transmissions from
2 an access point to an access terminal, comprising a processor at the access point
configured to generate a plurality of interleaved data slots and gap slots for

4  {ransmission to the access terminal.

19.  The system of Claim 18, further comprising a processor at the access
2 terminal configured to decode the plurality of interleaved data slots and gap
slots, determine a quality value associated with transmissions from the access
4 point to the access terminal, generate data rate request messages for
transmission in accordance with the quality value, and generate indicator
6  messages in accordance with the quality value, wherein the indicator message
is generated and transmitted to the access point during a time period associated

8  with at least one gap slot.

20.  The apparatus of Claim 19, wherein the quality value is determined by a

2  channel noise and interference value.



22. An apparatus for adjusting an open |loop rate control process, 2
conprising: a scheduler at an access point for scheduling a plurality of

i nterl eawedo1/#16mt a sl ots and gap slots, wherein the schepal/@sogisesiupl ed to
at |l east one buffer that stores data to be transmtted on a forward |ink
channel; 6 a data rate request nmessage decoder coupled to the schedul er for
decoding a plurality of data request ne3gages received on a reverse link 8

channel , and for 'rhg)gga ' : ' %,n%' ) ul er;

and an indirigét orTHrerze a%%tﬁgé’gg%%ﬁ?gﬁ‘ﬁ?‘gﬂaﬁﬁ? H{elgfs? hec}B?és? H?%e? e%gg?%g t he
10 pl ur2l i tpackét drichi wAt@basRborges de@sRidsldraitytoielatesletse | i nk channel and
for inputting decoded indicator nessages to the scheduler. 23. An

apparatus for adjusting an open |loop rate control process, 2 conprising:
an esti mat ig?n el enent at the. access ternm nal for. det erfim' nin %ual ity 4
' o) (8

val ue assodPat ed\hi EPPHG 8F d AFURHNSH £th PRens o8B e Adieo o erESPol

el ement,coyg idiQo-t he estimation element for 6 generating a plurality of
data rate request g’ressages, wherein the open |oop rate control el enent
uses the quality schedeler eteainvactets poirthfor eshedminga mueatityt of mterléhvielde
determ ni nglthe contents of the plurality of data rate re(r:luest nessages; a

cl osed foopatasloteend gap slotenwhereip e sehednle pecaupleddoiaddeastonehuffstd 10
a decoder f rati | ural i of . i.ndi r ages based on either
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an indicator message decoder coupled to the scheduler for decoding the
10  plurality of indicator messages received on the reverse link channel and for

inputting decoded indicator messages to the scheduler.

23. An apparatus for adjusting an open loop rate control process,
2  comprising:
an estimation element at the access terminal for determining a quality
4  value associated with a forward link channel;
an open loop rate control element coupled to the estimation element for
6 generating a plurality of data rate request messages, wherein the open loop rate
control element uses the quality value received from the estimation element for
8  the determining the contents of the plurality of data rate request messages;
a closed loop rate control element coupled to the estimation element and
10 a decoder for generating a plurality of indicator messages based on either the
quality value from the estimation element or an error value from the decoder,
12 wherein the decoder is configured to decode a plurality of interleaved data
slots and gap slots received on the forward link channel;
14 a controller coupled to the decoder and the estimation element for
enabling the closed loop rate control element in accordance with a set of

16  threshold values.



