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FLEXIBLE PAYLOAD CONTROL IN DATA-OPTIMIZED
COMMUNICATION SYSTEMS

Claim of Priority under 35 U.S.C, §119

The present Application for Patent claims priority to U.S. Provisional Palent
Application Serial Number 60/775,443, entited “Wireless Communication System. and
Method,” filed on Febroary 21, 2006; the present Application for Patent also claims
priority to U.&. Provisional Patent Application Serial Number 60/775.693, entitted DO
Communication System and Method,” filed on Febmary 21, 2006, Each of these
Provisional Patent Applications is assigned to the assignee of the present Application
and is expressly incorporated by reference as if fully set forth herein, including all

figures, tables, and claims,

BACKGROUND
Ficld
The present invention relates generally fo telecommunications, and, more

specifically, the invention relates to cellular communication systems.

Background

A modern communication system is expected to provide reliable data
transmission for a variety of applications, such as voice and data applications. In a
poini-to-multipoint cormmunications context, known communication systems are based
on frequency division multiple access (FDMA), time division multiple access (TDMA),
code division multiple access {(CDMA), and perhaps other multiple access
communication schemes.

A CPMA system: may be designed to support one or more CDMA. standards,
such as (1) the "TIA/EIA-95 Mobile Station-Base Station Compatibitity Standard for
Dual-Mode Wideband Spread Spectrum Celludar System" {this standard with its
enhanced revisions A and B may be referred to as the “IS-95 si‘andard”), {2} the
STIAMEIA-98-C Recommended Minimum Standard for Dual-Mode Wideband Spread
Spectram Cellular Mobile Station” (the “18-98 standard™), (3} the standard sponsored by

a consortium named *3rd Generation Partnership Project” (3GPP) and embodied in a set
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of documents known as the "W-CDMA standard.” (4) the standard sponsored by a
consortium named "3rd Generation Partnership Project 2% (3GPP2) and embodied in a
set of docoments including "TR-45.5 Physdeal Layer Standard for cdmal000 Spread
Spectrum Systems,” the "C.S0003-A Upper Laver (Layer 3} Signaling Standard for
cdmaZ(00 Spread Spectrum Systems,” and the "TIA/EIA/IS-856 cdma2000 High Rate
Packet Data Air Interface Specification” (the “cdma2000 standard™ collectively), (3) the
IXEV-DO standard, and (6) certain other swndards. The standards expressly Hsted
above are incorporated by reference as if folly set forth herein, including annexes,
appendices, and other attachments.

Data~optimized or “DO” cellular communication systems have been developed
to satisfy the constantly increasing demand for wireless data services. As the name
implies, DO systems are optimized for data transmission (as opposed to voice
transmission), and in particular such systems are opimized for dowuslink data
transmission.  Datg-optimized systems need not exclude uplink dats fransmission, or
voice iransmission in either direction. It should be noted that volce may siso be
transmitted as data, for example, in the case of voice over intemnet protocol (VoiP)
transmissions.

In cellular DO CDMA systems, reverse Hink data may be lransmitted over the air
interface using any one of & number of predefined packet sizes, for example, 128, 256,
313, 768, 1024, 15336, 2048, 3072, 4096, 6144, 8192, 12288 bit sizes. Generally, the
sizes correspond to different rates, although the use of incremental redundancy with
Hybrid Antomatic Repeat-reQuest (HARQ) may affect the actual rates achieved in the
field.

Some applications provide packets that do not fall neatly into one of the
predefined sizes. For example, a vocoder {voice encoder) of a VolP telephony
application may provide periodic packets of 300 bits. According to one approach, such
sifuations may be handled by choosing a smallest predefined packet size that is still
larger than the packes size provided by the application. For & 300-bit application packet
size, a 512-bit packet size may thos be selected on the reverse Hak of the air interface,
The larger size packet is then used to transmit at least & portion of two or more packets
provided by the vocoder {or another application). This approach feads to additional

delay, because of the necessity to wailt to assemble mulliple vocoder packets into a
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single air interface packet. The additional delay may be excessive for the quality of
service (Qo3S) of the application. To avoid the additional delay, another approach fits
one user application packet imo the larger size air interface packet, and stuffs the
leftover bits in the larger size packet. This approach wastes the stuffed bits and thus
causes a loss of spectral efficiency, increased interference, and decreased battery life.
Therefore, there is a need in the art for methods and apparatus that would
improve packing efficiency and spectral efficiency on the reverse link, There is also a
need in the art for methods and apparatus that would improve reverse link efficiencies
for delay-sensitive applications. There is a further need in the art for methods and
apparatus that would improve reverse link efficiencies for delay~sensitive applications
while at the same time maintsining backward compatibility with legacy access

terminals, and minimizing or eliminating hardware changes to the radio network.

SUMMARY
Embodiments disclosed herein address the sbove stated needs by providing
methods, apparatus, and machine-readable articles of manufacture for implementing &
negotiation of a set of allowable data traffic packet sizes for a reverse link.
In an embodiment, a meihod is provided for commumicating dala on a reverse

link between a wireless access termiinal and a radio network, The method includes the

following steps: (1) determining one or more desired air interface packet sizes for the

reverse link based on one or more parameters; (2) determining a desired set of air
interface packet sizes for the reverse link, the desired set comprising each desired air
interface packet size of said one or more desired air interface packet sizes, {3)
transmitting 1o the radio network a reguest 1 use the desired set for data traffic on the
reverse Hnk; (4) in response o the step of transmitting to the radio network the request,
receiving a negotiated set of alr interface packet sizes to be nsed for the data traffic on
the reverse link; and (5) communicating the data traffic on the reverse link using the
negotisted set.

In an embodiment, a wireless access terminal for communicating with a base
transceiver station of a radio network includes a recetver configured to receive forward
link transmissions from the base transcetver station, and a trangmitter configured to send

reverse tink transmissions to the base transceiver station, a memoty storing program
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cade, and a controller coupled to the receiver, transmilter, and the memory. The
controlier is configured o execute the program code 1o cause the wireless access
terminal to perform these steps: {1) based on one or more parameters, determining one
or more desired air interface packet sizes Yor the reverse link; (2} determining a desired
set of air interface packet sizes for the reverse link, the desired set comprising each
desired air interface packet size of said one or more desired air interface packet sizes;
(3) ransmitting to the radio network a request to use the desired set for data traffic on
the reverse link; and (4) in response to the step of transmitting, receiving a negotiated
set of air interface packet sizes to be used for the data traffic on the reverse link.

In an embodiment, & machine-readable medium has insttuctions embedded
therein. When the iustructions are executed by at least ong processor of a wireless
access terminal for communicating with a base transceiver station of a radio network,
the instructions cause the wireless access terminal to perform the following operations:
{1} determining, based on one or more p;s'n"ame:‘tm“sF one or more desired air interface
packet sizes for a reverse link between the wireless access terminal and the radio
network; {2) determining a desired set of air interface packet sizes for the reverse link,
the desired set comprising each desired air interface packet size of said one or more
desired air tnterface packel sizes; (3) transmitiing to the radio network a request (o use
the desired sei for data traffic on the reverse link; (4) in response to the step of
transmitting, receiving a negotiated set of air interface packet sizes to be ased for the
data traffic on the reverse link; and (§) communicating the data traffic on the reverse
link using the negotiated set.

In an embodiment, a method is provided for communicating data on a reverse
link between a wireless access terminal and a radio ngtwork, The method includes these
steps: (1) determining & desired set of air interface packet sizes for the reverse link, the
destred set being different from a default set of air interface packet sizes of the radio
network; (2) step for negotiating a negotiated set of air interface packet sizes to be used
for data traffic on the reverse Hnok; and (3) communicating the data traffic on the reverse
link using the negotiated set.

In an embodiment, a method is provided for operating g data-optimized radio
network, The radio network is configured 1o use a default set of packet sizes for data

traffic on reverse links. The method includes (1) receiving from a wireless access
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terminal a desired sef of packet sizes for data traffic on a reverse link between the radio
network and the wireless access terminal, the desired set being different from the defauit
set; (2) determining a negotiated ser of packet sizes for data traffic on the reverse link,
the step of determining being performed based st least in part on the desired set; (3)
transmitting o the wireless access terminal the negofiated set; (4) receiving on the
reverse link a plurality of data traffic packets; and (S} receiving from the wireless access
terminal a plurality of indications of size of the data traffic packets. In sccordance with
this method, each indication of the plurality of indications is assoctated with a different
data traffic packet of the plurality of data traf¥ic packets, said each indication determines
{corresponds to) the size of the data waffic packet associated with said each indication,
said each indication is selected from the negotiated set, and at least one indication of the
pturatity of indications corresponds to a packet size not included in the defauit set.

In an embodiment, a method is provided for operating a data-optimized radio
network configured to use a default set of packet sizes for data traffic on reverse links.
The method includes (1) step for negotiating a negotiated set of packet sizes for data
waffic on a reverse link between the radio network and a wireless access terminal; {2)
transmitting to the wireless access terminal the negotiated set; (3) receiving on the
reverse link a plorality of data traffic packets; and €4) receiving a plurality of indications
of size of the data traffic packets. In accordance with this method, each indication of
the plurality of indications is associated with a different data traffic packet of the
plurality of data traffic packess, said each indication determines the size of the data
traffic packet associated with said each indication, said each indication is selected from
the negotiated set, and at least one indication of the plurality of indications corresponds
10 2 packet size not included in the defaudt set.

In an embodiment, a base fransceiver station of a data-optimized radio network
is provided. The radio network is configured to use a default set of packet sizes for data
traffic on reverse links, The base transceiver station includes a receiver configured to
receive data, a transmitter configured to transmit data, and 8 processor conpled to the
receiver and to the fransmitter. The proéesser ts configwred to cause the base
transceiver station 1o perform the following steps: (1) receiving from a wireless access
terminal a desired set of packet sizes for data traffic on a reverse link between the base

transceiver station and the wireless access terminal, the desired set being different from
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the default set; (2) determining a negotiated sef of packet sizes for the data iraffic on the
reverse link, the step of determining being performed based at least in part on the
desired set, (3) trausmitting to the wircless access terminal the negotiated sot; (4)
receiving on the reverse Hink a plurality of data traffic packets; and (5) receiving from
the wireless access terminal a plurality of indications of size of the data traffic packets,
each indication of the plurality of indications being associated with a different data
traffic packet of the plorality of data traffic packets, said each indication determining the
size of the data wraffic packel associated with said each indication, said each indication
being selected from the negotiated set, at least one indication of the plurality of
indications corresponding o an entry in the negotiated set, the entry not being included
in the default set.

In an embodiment, a machine-readable medium has instructions embedded
therein.  The instructions may be gxecuted by at least one processor of a base
transceiver station of 4 data-optimized radio network., The radio network is configured
to use a default set of packet sizes for data traffic on reverse links. The instructions
cause the base transceiver station to perform the following operations: (1) receiving
from a wireless access terminal a desired set of packet sizes for data wraffic on a reverse
link between the base transcetver station and lhe wireless access ferminal, the desired
set being different from the defaull sef; (2} determiining a negotiated set of packet sizes
for the data traf¥ic on the reverse link, the step of determining being performed based at
least in part on the desired set; (3) transmitting to the wireless access terminal the
negotiated set; {(4) receiving on the reverse link a plurality of data traffic packets; and
{5) receiving from the wireless access tenminal a plurality of indications of size of the
data traffic packets, each indication of the plurality of indications being associated with
a different data traffic packet of the plurality of data traffic packets, said each indication
determining the size of the data traffic packet associated with said ¢ach indication, said
each indication being selecied from the negotiated set at least one indication of the
plurality of indications corresponding to a packet size not included in the defaudt set.

These and other embodiments and aspects of the present invention will be better

understood with reference o the following description, drawings, and appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. | illustrates selected components of ¢ CDMA dats-oprimized cellular
communication system configured in scecordance with an embodiment of the present
invention; and
FIG. 2 iHlustrates selected steps of a process for negotiating a set of atlowable
packet sizes on a reverse link of the system, in accordance with an embodiment of the

present invention.

DETAILED DESCRIPTION

Rk I 2

In this document, the words “embodiment,” “variant,” and similar expressions
are used to refer to particular apparatus, process, or arficle of manufacture, and not
necessarily to the same apparatus, process, or article of manufacture. Thus, “one
embodiment™ {or a similar expression’ used in one place or context can refer 10 a
particalar apparatus, process, or article of manufacture; the same or a similar expression
in & different place can refer fo a different apparatus, process, or article of manufacture,
The expression “alternative embodiment” and similar phrases are used ro indicate one of
a pumber of different possible embodiments. The number of possible embodiments is
not necessarily Hinited to two or any other quantity.

™

The word “exemplary™ is used herein to mean “serving as an example, instance,
or iHusiration.” Anv embodiment or vadant described herein as “exemplary™ is not
necessarily to be consttued as preferved or advantageous over other embodiments or
variants. Al of the embodiments and variants described in this description are
exemplary embodiments and variants provided to enable persons skilled in the art to
make or use the invention, and not to limit the scope of legal protection afforded the
invention.

The word “traffic” generally refers to pavicad or user traffic, such as data
other than air interface control information and pilots. For reverse Hnk, data traffic is
generally generated by an application, such a vocoder of & VolIP application.

An gccess terminal, also referred to as AT, subscriber station, user eguipmenn,
UE, mobile terminal, or M'T, may be mobile or stationary, and may communicate with
one of more base transceiver stations.  An necess terminal may be any of a number of

types of devices, including but not limited to PC card, external or inilernal modem,
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wirsless telephone, and persemal digital assistant (PDA) with wireless communication
capability. An access terminal transmits and receives data packets 1o or from a radio
network controller through one or more bage transceiver stations.

Base transceiver stations and base station controllers are parts of a network
called radio network, RN, access network, and AN, A radio network may be a UTRAN
or UMTS Terresirial Radio Access Network. The radio network may transport data
packets between multiple access terminals. The radio network may be further
connected to additional networks outside the radio network, such as a corporate intranet,
the Internet, a conventional public switched telephone network (PSTN), or another radio
network, and may transport data and voice packets belween each access terminal and
such outside networks. Depending on conventions and on the specific implementations,
a base transceiver station may be referred to by other names, including Node-B, base
station svstem (BS8S). and simply base station. Similarly, a base station controfier may
be referred to by other names, including radic network controller, RNC, controller,
mobile switching center, or serving GPRS support node.

The scope of the invention extends to these and similar wireless communicaton
system components.

FIG. 1 illustrates selecied components of a commumnicalion network 100, which
includes a radio network controller 110 coupled to wireless base transceiver stations
1204, 1208, and 120C. The base transceiver stations 120 communicate with access
terminals 1304, 1308, 130C, and 130D through corresponding wireless connections
140A through 140E. Each of the wireless connections 140 represenis both a forward
Jink {from the BTS to the AT, also known as downlink) and a reverse link {from the AT
to the BYS, also known as uplink). The radio network controlier 110 is coupled to a
public switched telephone network 130 through a telephone switch 160, and to & packet
switched network 170 through a packet data server node (PDSN) 180. Data interchange
between various network elements, such as the radio network controller 110 and the
packet dsta server node 180, may be implemented using any number of protocols, for
example, the Intemnet Protocol (IP), an asynchronous transfer mode (ATM) protocoi,
T1, E1, frame relay, and other protocols.

The radio network condroier 110 and the base fransceiver stations 120 are part

of a data-optimized cellular CDMA radio network 101, for example, a IxEV-DO radio
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network.  In the illastrated embodiment, the radio network 101 provides both data
communication services and cellular telephone services to the access terminals 130, In
alternative embodiments, the radio network may provide only dats services (including
VaIP and similar packetized data-based voice communications).

Multiple or even all of the access terminals 130 may be in the same cell or site,
or each access terminal 130 may be in a separate cell or site.

A typical access terminal, for example, the access terminal 130A, includes
receiver dircuitry 131, transmitter circuftry 132, encoder 133, decoder 134, equalizer
135, processor 136, and memory device 137. The receiver, transmitier, encoder,
decoder, and equalizer are configured by the processor executing program code stored
in the memory device. Bach access terminal 130 is configured fo communicate data
using at least one fransmission protocol, such as the wireless packet transmission
protocols described in the standards mentioned above, including 1xBV-DO revisions A
and B, with at least one of the access terminals 130 being further configured to negotiate
a set of reverse link packet sizes in accordance with the variants described in this
document. The access terminals 130 communicate with the base fransceiver stations
120 via wireless connections 140A through 140K, as shown in FIG. 1.

Each of the base transceiver slations 120 includes one or more wireless receivers

(e.g., receiver 121 of the BTS 120A), one or more wireless transmitters {e.g., transmiiter

122 of the BTS 1204), radio network controller interface (e.g., interface 123), a

memory {e.g., memosy 124), a processor (2.g, processor 125) and encoder/decoder
circuitry (e.g., encoder/decoder circuitry 126). A receiver/transmitter pair and other
components of each base transceiver station are configured by the station’s processor
operating under control of the program code stored in the BTS s memory, 1o establish
forward and reverse links with the access terminals 130 in order 1 send packets to and
receive packets from the access terminals 130, Inthe case of data services, for exampie,
the base transceiver stations 120 may receive forward link data packets from the packet
switched network 170 through the packet data server node 180 and through the radio
network controller 110, and transmit these packets 1o the access terninals 130, The
base transceiver stations 120 may receive reverse link data packets that originate at the
access terminals 130, and forward these packets fo the packet switched network 170

throngh the radio setwork controlfer 110 and the packet data server node 180. In the
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case of telephone (voice) services, the base transceiver stations 120 may receive forward
link data packets from the telephone network 150 through the telephone switch 160 and
through the radio network controller 110, and transmitt these packets to the access
terminals 130, Volce packets originating at the access terminals 130 may be received at
the base transceiver stations 120 and forwarded to the telephone network 150 via the
radio network controlier 110 and the telephone switch 160,

In some alternative embodiments, the transmitter, receiver, and other
components of each BTS may each have separate processors.

The radio network controller 110 includes an interface 111 to the base
transceiver stations 120, an interface 112 to the packet data server node 180, and an
interface 113 to the telephone switch 160. The interfaces 111, 112, and 113 operate
under control of one or more processors 114 execuiing program code stored in one or
more memory devices 113,

The network 100 illustrated in FIG. 1 inclades one public switched telephone
network, one packet switched network, one base station controller, three base
transcelver stations, and four access terminals. A person skilled in the art would
recognize, after perusal of this document, that alternative embodiments in accordance
wilth aspects of the invention need pot be limited {0 any particular number of these
components. For example, a lesser or a greater number of base transceiver stations,
radio network controllers, and access terminals may be included in some embodiments.
Furthermore, the communiecation network 100 may connect the access terminals 130 to
one or more additional communication networks, for example, a second wireless
communication network having a mumber of wireless access terminals.

In an embodiment, one or more of the sccess terminals 130 {e.g., the terminal
130A) communicate with a base transcetver station 120 of the radio network {(e.g., the
BTS 120A). The radio network and one or more of the access terminals are configured
to define and negotiate a set of air interface packet sizes at the time of connection setup.
At the same time, none, ong, or several of the acdess terminals may operate in
accordance with an existing {(defanlt, not negotiated) set of air interfacé packet sizes in
accordance with one of the aforementioned standards. In some varianis, the set of
negotiated packet sizes has the same number of size entries as the number of default

packet size entries under one of the applicable air interface standards mentioned above.
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For example, the mumber of packet sizes may be twelve or thirteen. In this way, each of
the alr interface packet sizes may be mapped to the existing codewords associated with
packet sizes on the reverse rate indicator (RRI) channel of an existing air interface
standard.

It should be aoted that in some variants fewer or more codewords than in the
standard may also be defined and negotiated in some variants. For example, three
unused {in the stmdard) RR1 codewords may be mapped to additional packet size
entries in the negotiated set. Moreover, the mapping of the eniries in the negotiated set
need not be such that the same size is mapped onto the same codeword uader an
existing aiy interface standard and the negotiated set of size entries. Given an existing
standard’s sizes as listed above (128, 256, 512, 768, 1024, 1336, 2048, 3072, 4096,
6144, 8192, 12288), a new size of 300 bits may be used instead of 312, for example.
The negotiated set may then be as follows: 128, 236, 300, 768, 1024, 1336, 2048, 3072,
4096, 6144, 8192, 12288, Given the sequence of RRIE codewords in order of increasing
packet sizes in the default {standard} set, the same seguence may be mapped in order to
the increasing packet sizes in the negotiated set set. The new 300-bii size is then
mapped o the RRY codeword used for the 512-bit size in the defanlt set.  This
exemplary mapping is shown in Table 1 below, where RRE represeats an RRI codeword
used fo indicate a packet size, the corresponding packet size of the RRY codeword in the
existing standard appears in the middle row (under RRE), and the corresponding packet
size of the RRY; in the negotiated set appears in the bottom row (also in the same column
as RRY). Thus, the middle row represents the default set, and the bottom row represents
the negotiated set. Same convention applies to the other tables showing codeword

mappings. -

CODEWORD | BRI, | RRYL | RRY; { BRE | RRL | RRE ¢ RRL: | RRE | BRIy | RBIL, | RRI, | RRiy

%2

ek
2
-

STANDARD 128§ 28 | 52 TOR 024 | 1836

2048 | 3072 4006 G144 | 8192 | 12288
PACKET SEEE '

o
L
o

NEGOTIATED | 128 {25 | M0 768 1024 1 2048 {3072 {4006 §oidd | 8103 | 12288

PACKET SIZE

TABLE §
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In the example shown in Table 1, some granularity was lost near the newly-
added 300-bit size, because the 513-bit default size has been replaced by the 300-bit
size in the negotiated set. The packet size selection choice now jumps from 300 bits to
768 bits, & ratio of more than two and one-half

In accordance with another approach, the negotinied set may be as follows: 128,
256, 300, 512, 768, 1024, 1536, 2048, 3072, 4096, 6144, 8192, Here, the 300-bit size
was added between the 256- and 512-bit default sizes, displacing the 12288-bit default
size. This approach may be advantageous because an application requesting a 300-bit
air interface packet size is more likely not to need a 12288-bit size than a 512-bit size,
or any of the other packet sizes. The RRI codewords used for the 128~ and 236-bit sizes
may be the same, respectively, as the RRY codewords for the default 128- and 256-bit
sizes in existing standards/systems, and the RRI codewords used for the default 512,
768, 1024, 1536, 2048, 3072, 4096, 6144, 8192, 12288 bit sizes may be mapped, in
order, to RRI codewords used for the 300, 512, 768, 1024, 1536, 2048, 3072, 4096,
6144, 8192 bit packet sizes of the negotiated set. This exemplary mapping is shown i
Table 2 below.

CODEWORD | RRI, | BREL | RRY, | RRY, | RIE; | RRY | BRI | RiRL § RRY; | RRE, | RRY, | RRip

STANDARD 128 | 236 3 768 F024 1 1536 12048 | 3072 | 4006 § 6l4d | BI92 | 12288
PACKET SIZE

NEGOTIATED § 138 | 256 {306 15312 768 ] 3024 [ 1536 [ 2048 § 3072 [ 4096 | 6144 | 8193
PACKET SIZE
TABLE 2

In some variants the negotiated set substitutes a newly-defined packet size for
the size most distant from the newlv-defined packet size. Most distant in this context
may be, for example, measured linearly (largest difference in the number of bits
between the nowly-defined size and the removed packet size), or
logarithmically/geometrically (largest ratio in dBs between the two sizes). -

n some variants, the RRI codewords used for the packet sizes of the negotiated
set are mapped to the codewords corresponding to the same sizes within the defaodt set

of the existing standard, to the extent possible. When replacing the 12288-bit size with
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a 300-bit size, for example, the RRI codeword correspondence may be as in Table 3

below:

{6040}

{0041}

CODEWORD | BRL | RRT. | BRI | REL | BRI | RBE: | RRG | RRE | RRG | RRE: | RRE § BRL,

STANDARD 128 | 256 512 768 1034 1 1536 | 2048 1 3072 | 4096 | 6L44 | BivZ ; 12288
PACKET SIZE

NEGOTIATED § 128 | 25¢ S12 § Ve 1024 | 1535 12048 § 3072 | 4086 6144 8192 | 300
PACKET SIZE

TABLE S

The advantage of this approach is that RRI mapping changes for only the
number of the new packet sizes defined in the negotiated set of REL packet sizes. The
example of table 3 also itlustrates removal of the packet size most distant to the newly-
added packet size.

The set of packet sizes negotisted by the base transceiver station 120 and the
access terminal 130 may substifute muliiple or even all of the packet sizes in the default
sel of an existing standard. Thus, multiple closely-spaced. non-standagd packet sizes
may be present in the negotiated set. For example, an interval between adjacent packet
sizes in the default sel may be broken up inlo sub-intervals by two or more newly-
defined packet sizes of the negotiated set. The interval may be broken up into equal or
substantially equal (equal to the extent possible) sub-intervals, Table 4 below provides
an example of such variant, where an interval between 768 bits and 1024 bits is broken

into three substantially equal sub-intervals of 85 bits, 86 bits, and 85 bits.

CODEWORD | BRI, | RRIL, | Reuy | BRI, | RRI; | KRG | RRI; | BRI | RRY | RRE { RRI, | BRI,

STANDARD 128 236 312 75% 1024 | 1536 1 2048 | 3072 | 4096 § 6144 | RIUZ 1 12288
PACKET SIZE
NEGQTIATED | 138 256 312§ 768§ 833 939 1024 | 1836 § 2048 {3072 | 4096 | Gl44

PACKET SIZE

TABLE 4
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The interval between non-adjacent packet sizes of an existing standard system
may also be similarly broken into sub-intervals. The subintervals may be equal or
substantially equal, or sproed in a geometric proportion. Table 3 below illustrates &
variant with equal sub-intervals between 3072 and 6144 packet sizes.

CODEWORD | BRI { BRI; | BRIy | BRI | RRY; | RRIG | RRE: § RRYy § RRL § REY, | RRY | RRY;

STANDARD 128 {25 | 342 768 1G24 | 1536 | 2048 § 3072 | 4006 6144 | 8192 | 12288
PACKET SIZE

MNEGOTIATED
PACKET SIZE

kol
bl
b

TR 4 P IS36 L 2048 1 30T ] 3840 | 4608 | SITE {6344 | K192 | FIIRY

TABLE S

The vartants desciibed above are exemplary. The negotiated set may have other
packet size values. Indeed, all of the packef sizes may be negotiated and become
different from the default packet size values used under an existing standard. Generally,
the existing RRI codewords may be assigned to the packe! sizes in the negotiated setin
any menner whatsoever, and the invention does not exclude vsing a fewer or a greater
number of RRI codewords than the number of RR1 codewords in the existing standard
system, Some access terminals may communicate with the radio network after
negotiating a set of packet sizes, while other access ferminals may concurrently use the
defaslt packet size set of the existing standard. In this way, one or more legacy access
terininals may be served at the same time as one or more access terminals configured to
negotiate the set of allowable reverse link packel sizes.

Turbo codes {e.g., R=1/3) may be used in the radio network. The packet sizes
that are not exact powers of 2 may use a turbo interleaver parameter based on the next
larger packet size that is a power of 2. A channel interleaver for smallest default
pavload larger than the pavload to be transmitted mav be employed, with a look-up
tabie used to determine the exact packet sizes. I total transmit power to pilot power
ratio (T2P) values are defined for the default packet sizes of the existing standard
system, the T2ZP for the new (negotiated) payload packet sizes may be generated by

linearly interpolating T2P values of the default payload packet sizes.
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PIG. 2 Hlustrates an exemplary process 200 performed in the course of
negotiating a set of packet sizes for the reverse link between the access terminal and the
radio network. The steps may be performed by an access terminal (e.g., the AT 1304)
and a base transceiver station {¢.g., the BTS 120A).

At flow point 201, the access terminal is ready to begin the process.

At step 210, one or more desired values for packet sizes of the reverse link are
determined. In a variant, the access terminal recetves the packet size value(s) from one
or more user applications executing on the access terminal. For exaraple, a vocoder of a
VoIP telephony application may provide one or more packet sizes. The application(s)
may have the value(s) stored, or determine the packet size value(s) dynamically, in
response to current need, current configuration, and/or current Qo8S.

At step 220, the access terminal determines a complete set of packet sizes to
request from the radio network. For example, the access terminal may replace one or
more default values of the existing standard with one or more values recetved from the
application(s) as illustrated in the Tables and accompanying explanations above.

At step 230, the access terminal fransmits to the radio network (e.g., to the BTS)
a request to use the destred set on the reverse link. This may be done by using a
previously unassigned codeword on one of the reverse link coatrol channels.

Al step 240, the radio network receives from the access terminal the desired set
of packet size values.

At step 250, the radio network uses predefined criteria to generate its own. set of
packet size values, based on the set of the desired values received from the access
termiinal. For example, the radio network may accept the values received from the
access terminal.  As another example, the radio nefwork may substitute one orf more
different non-defanlt or default values for the non-default values desired by the access
terminal, based on some parameter{(s), such as quality of service assigned to the
application or the access terminal.  In some variants, the radio network may also
determine that the default set should be used notwithstanding the access terminsl’s
preference. In some variants, the radio network also maps the RRI codewords to the
packet sizes, or changes the mapping of the RRI codewords to the packet sizes from that
requested by the access ferminal Gf the access terminal requested a specific mapping in

the step 230),
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At step 260, the radio network transmits to the access lerminal the set of packet
size values 10 be used on the reverse lick. I the RR) mapping order has not been
predefined, it may also be communicated to the access terminal. A downlink control
channel may be used for this purpose.

At step 270, the radic network configures itself for receiving reverse link data
from the access terminal using the set of packet size values/mappings to be used
{instead of the default set). The set transmitted from the radio network thus becomes
the negotiated set. Note that if the radio network accepted the values received from the
access termunal, the negotiated set is identical to the desired set.

At step 280, the access terminal receives from the radio network the set of
packet size values/mappings to be used.

At step 290, the access terminal configures itself for transmitting reverse link
data using the negotiated set of packet size values/mappings (instead of the default set).

Al step 2935, the access terminal traﬁsmi ts reverse link data 1o the radio network
using the negotiated set of packet size values/mappings. The transmitted packets may
have one or more sizes that are not included in the default set of packet sizes. The
process then terminates at Sow point 299

As illustrated in FIG. 2, the set of packet size values is negotiated with a singie
request from the access terminal and z single response from the access network., In
some varianis, however, multiple requests and responses may be used when the access
network does not immediately accept the set desired by the access terminal. For
example, the steps 220-260 may be repeated two or more times to arrive at a negotiated
set of reverse link packet sizes, with the determination in the step 220 in second and
later iteraiions being affected by the response of the radio network to the previously
trangmilted desirved set.

RRI codeword mappings may also be negotiated in some variants, or the
mappings may be predefined, for example, using a predetermined RRI codeword
sequence in an ascending or descending packet size order.

Although steps and decisions of various methods may have been described
serially in this disclosure, some of these steps and decisions may be performed by
separate elements in conjunction or in parallel, asynchronously or synchronously, in a

pipelined manner, or otherwise. There is no particular vequirement that the steps and
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decisions be performed in the same order in which this description lists them, except
where explicitly so indicated, otherwise made clear from the context, or inherently
required, It should be noted, however, that in selected variants the steps and decisions
are performed in the order described above. Furthermore, not every illustrated step and
decision may be required in everv embodiment/variant in accordance with the inveniion,
while some sfeps and decisions that have not been specifically illustrated may be
desirable or necessary in some embodiments/variants in accordance with the invention.

Those of skill in the art would understand that information and signals may be
represented using anv of a varlety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thergofl

Those of skill would further appreciate that the various Hlustrative logical
blocks, modules, circuits, and algorithm steps described in coanection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To show clearly this interchangeability of hardware
and software, various illusirative componeats, blocks, moduales, circuifs, and steps have
been described asbove generally in terms of their functionality. Whether such
functionality is inplemented as hardware, software, or combination of hardware and
software depends upon the particalar application and design constraints imposed on the
overall svstern. Skilled artisans may implement the described functionality in varying
ways for each particular application, but such implementation decisions should not be
interpreted as causing a departure from the scope of the present invention.

The various illustrative logical blocks, modules, and cireuits deseribed in
copnection with the embodiments disclosed hersin may be implemented or performed
with & peneral purpose processor, a digital signal processor {DSP), an application
specific integrated circuit {ASIC), a fleld programmable gate array (FPGA) or other
programunable logic device, discrete pate or wamsistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, bat in the aliermative, the

processor may be any conventional processor, coniroller, microconiroller, or state
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machine. A processor may also be mmplemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurglity of
IICTOPIOCESSONS, ONES Of MOTS MICTOProcessors in confunction with g DSP core, or anv
other such configuration.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a procesgsor, or in a combination of the two., A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art.  An exemplary storage medium is coupled to
the processor such that the processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium may be integral 1o the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in an aocess terminal. Alternatively, the processor and the gtorage mediym
may reside ax discrete componenis in an access tenminal.

The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled m the art, and the generic
principles defined herein may be applied to other embodimems without departing from
the spirit or scope of the invention. Thas, the present invention is not intended to be
limited to the embodiments shown herein, but is to be accorded the widest scope

consistent with the principies and novel features disclosed herein.
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CLAIMS
i A method of communicating data on g veverse link between g wireless gecess

terminal and a radio network, the method comprising:

determining one or more desired air interface packet sizes for the reverse link
based on one or more parameters;

determining a desired set of air interface packet sizes for the reverse link, the
desired set comprising each desired air interface packet size of said one or more desired
air interface packet sizes;

transmitting to the radic network a request to use the desired set for data traffic
on the reverse link;

in response to the step of transmitting to the radio network the request, receiving
a negotiated set of air interface packet sizes to be used for the data fraffic on the reverse
link; and

communicating the data traffic on the reverse Hak using the negotiated set.

2. The method of claim 1, wheretn:

the negotiated set is generated by the radio network based at least in parl on the
desired set; and

the step of communicating comprises sending from the wireless agcess terminal
to the radio network a plurality of reverse link traffic packets and & plurality of
indications of size of the reverse link traffic packets, each indication of the plurality of
indications being associated with a different reverse tink traffic packet of the plurality of
reverse Hnk traffic packets, said each indication determining the size of the reverse link
traffic packet associated with said each indication, said each indicgiion being selected
from the negotiated set, at least one indication of the plurality of indications
corresponding to a packet size not included in a default set of reverse link traffic packet

sizes of the radio network.

3. The method of claim 2, whetein said one or more parameters comprise a

preference of an application of the wireless access terminal.
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4, The method of claim 3 wherein number of entries in the desired set is equal fo
number of entries in the default set.
5. The method of claim 4, wherein the number of eatries in the negotiated set is

equal {o number of entries in the default sef.

6. The method of claim 3, wherein the negotiated set is identical to the desired set,
7. The method of claim 3, wherein the negotiated set is different from the default
set.

8. The method of claim 7, wherein the radio network services at least one access

terminal using the defanif set.

9, The method of claim 3, wherein the application comprises a voice over Internet
Protacal (VoIP) application, and the preference comprises voice encoder packet size of

the VolP application.

10. The method of claim 2, wherein said each indication is transmitted as a

codeword on a reverse rate indicator (RRI) channel.

it A wireless aceess terminal for communicating with a base transceiver station of
a radio network, the wireless access terminal comprising:

a receiver configured to receive forward link transmissions from the base
transceiver station;

a transmutter configured to send reverse link transmissions to the base
transceiver station;

a memory storing program code; and

a controlier coupled to the veceiver, ransmitier, and the memdry, wherein the
controller is configured to execule the program code to cause the wireless access

terminal to perform steps comprising:
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based on one or more parameters, determining one or more desired air
interface packet sizes for the reverse link;

determining a desired set of air interface packet stzes for the reverse link,
the desired set comprising each desired air interface packet size of said one or
more desired air interface packet sizes;

transmitting to the radio network a request to use the desived set for data
traffic on the reverse link; and

i response (o the step of transmitting, recelving a negotiated set of atr

interface packet sizes to be used for the data traffic on the reverse link.

i2. The wireless access tenminal of claim 11, wherein the controlier is fusther
configured to execute the program code 1o cause the wireless access terminal to send fo
the radio network a plurality of reverse link traffic packets and a plurality of indications
of size of the reverse link traffic packets, cach indication of the plurality of indications
being associated with & different reverse link traffic packet of the plurality of reverse
link traffic packets, said each indication determining the size of the reverse link trafific
packet associated with said each indication, said each indication being selected from the

negotiated sei.

i3 The wireless access terminal of claim 12, wherein the program code further
comprises an application, and said one or more parameters comprise a preference of the

application.

14, The wireless sccess terminal of claim 13, wherein number of entries in the
desired set is equaal to number of entries tn a default set of reverse link traffic packet
sizes of the radio aetwork, and at Ieast one indication of the plurality of indications

corresponds to a packet size not included in the default set.

i5. The wireless access terminal of claim 14, wherein the number of entries in the

negotiated set is equal 10 number of entries in the default sel.
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16, The wireless access terminal of claim 13, wherein the negotiated set is identical

1o the desirad set.

17.  The wireless access terminal of olaim 13, wherein the negotiated set is different

from a default set of reverse link traffic packet sizes of the radio network.

18,  The wireless access terminal of claim 13, wherein the application comprises a
voice over Imternet Protocol (VolP) application, and the preference comprises voice

encoder packet size of the VoIP application.

19 The wireless access terminal of claim 13, wherein the controller is fusther
configured to execute the program code 10 cause the wireless access terminal to send the

indications as codewords on a reverse rate indicator (RRI) channel.

20. A machine-resdable medivmm comprising instructions, the instructions, when
executed by at least one processor of a wireless access terminal for communicating with
a base fransceiver station of a radio network, canse the wireless access terminal 1o
perfonm operations comprising:

determining, based on one or more parameters, one or more desived air interface
packet sizes for a reverse link between the wireless access terminal and the radio
network;

determining a desired set of air interface packet sizes for the reverse link, the
desired set comprising each desired air interface packet size of said one or more desired
air interface packet sizes;

transmitiing to the radio network a request to use the desired set for data traffic
on the reverss fink;

in response to the step of transmitting to the radio network the request, receiving
a negotiated set of air interface packet sizes 1o be used for the data traffic on the reverse
link; and

communicating the data traftic on the reverse link using the negotiated set.
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21. The machine~-readable medium of claim 20, wherein:

the negotiated set is generaed by the radio network based at least in part on the
desired set; and

the step of communicating comprises sending from the wireless access terminal
to the radio network a plorality of reverse link traffic packets and a plurality of
indications of size of the reverse link traffic packets, each indication of the plurality of
indications being associated with a different reverse link traffic packet of the plurality of
reverse link traffic packets, said each indication determining the size of the reverse link
traffic packet associated with said each indication, said each indication being selected
from the negotliated set, at least one indication of the plurality of indications

corresponding to a packet size not included in the default set.

22. The machine-readable medium of claim 21, whergin said one or more

parameters comprise a preference of an application of the wireless access terminal.

23 The machine-readable medium of claim 22, wherein the application comprises 2
voice over Internet Protocal (VolP) application, and the preference comprises voice

encoder packet size of the VoIP application.

Z4. The machine-readable medium of claim 22, wherein said each indication is

transmitted as a codeword on a reverse rate indicator (RRI) channel.

25. A method of commmmicating data on a reverse link between a wireless access
terminal and a radio netivork, the method comprising:

determining a desired set of air interface packet sizes for the reverse link, the
desired set being different from a default set of air interface packet sizes of the radio
network;

step for negotiating 8 negotiated set of air iaterface packet sizes to be used for
data traffic on the reverse link; and

communicating the data traffic on the reverse link using the negotiated set.
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26. A method of operating a data-optimized radio network, the radio petwork being
configured to use a default set of packer sizes for daia waffic on everse links, the
method comprising:

receiving from a first wireless access terminal 2 desired set of packet sizes for
data traffic on a first reverse link between the radio network and the first wireless access
terminal, the desired set being different from the default sef;

determining a negotisted set of packet sizes for data traffic on the first reverse
link, the step of determining being performed based at least in part on the desired se;

transmitting to the first wireless access terminal the negotiated set;

receiving on the first reverse link a plurality of first data traffic packets; and

receiving from the first wireless access terminal a plurality of first indications of
size of the first data waffic packets, each first indication of the plurality of first
indications being associated with a different first data traffic packer of the plurality of
first data traffic packets, said each first indication determining the size of the first data
traffic packet associated with said each first indication, said each first indication being
selected from the negotiated set, at least one first indication of the plurality of first

indications corresponding to a packet size not included in the defauit set.

27. The method of ¢laim 26, further comprising:
decoding said each first data maffic packet in accordance with the first indication

assaciated with said each first data traffic packet.

2% The method of olaim 27, wherein the negotiated set is different from the default
sedt.
29. The method of claim 27, wherein the siep of receiving the plurality of

indications comprises receiving said each indication as a codeword on a reverse rate
indicator (RRY) channsl.

30, The method of claim 27, further comprising:
receiving on a second reverse link a plurality of second data fraffic packets from

a second wireless access terminal; and
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recetving from the second wireless access terminal a plurality of second
indications of size of the second data waffic packets, gach second indication of the
plurality of second indications being rssociated with a different second data traffic
packet of the plurality of second data traffic packets, said each second indication
determining the size of the second data traffic packet associated with said each second

indication, said each second indication being selected from the default set.

3t A method of operating a data-optimized radio network confi gured to use a
default set of packet sizes for data traffic on reverse links, the method comprising:

step for negotiating a negotiated set of packet sizes for data traffic on a reverse
link between the radio network and a wireless access terminal;

transmitting to the wireless access terminal the negotiated set;

receiving on the reverse link a plurality of data traffic packets; and

receiving a plurality of indications of size of the data traffic packets, each
indication of the plurality of indications being associated with & different data traffic
packet of the plurality of data taffic packets, said each indication determining the size
of the data traffic packet associated with said each indication. said each indication being
selected from the negotiated set, at least one indication of the plurality of indications

corresponding to a packet size notincluded in the default set.

32. A hase transceiver station of a data-optimized radio network, the radio network
being configured to use a default set of packet sizes for data traffic on reverse links, the
base transceiver station comprising:

a receiver configured to receive datal

a transtitter configured fo transmit dala; and

a processor coupled to the receiver and to the transmitter, wherein the processor
is configured to cause the base transceiver station to perform steps comprising:

recetving from a first wirgless access termainal 4 desired set of packet
sizes for data traffic on 8 first reverse link between the base transceiver station
and the first wireless access terminal, the desired set being different from the

defmdt set;
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determining a regotiated sel of packet sizes for the data traffic on the
first reverse Kok, the step of determining being performed based at feast in part
on the degired sei;

transmitting to the first wireless access tenminal the negotiated set;

receiving on the first reverse link » plurality of first dats traffic packets;
and

recefving from the first wireless access terminal a plurality of first
indications of size of the first data traffic packets, each first indication of the
plurality of first indications being associated with a different first data traffic
packet of the plurality of first data traf¥ic packets, said each first indication
determining the size of the first data wraffic packet associated with said each first
indication, said each first indication being selected from the negotiated sef, at
least one first indication of the plurality of first indications corresponding to &
first entry in the negotiated sef, the first entry not being included in the defausit

set.

3 The base transceiver station of claim 32, wherein the processor is fusther

|73

configured to cause the base transceiver stalion to decode said each first data traffic
packet in accordance with the first indication associated with said each first data traffic

packet.

34. The base transceiver station of claim 33, wherein the processor is further
configured to cause the base transceiver station to perform steps comprising:

receiving on a second reverse link a plurality of second data traffic packets from
a second wireless access terminal; and

receiving from the second wireless access terminal a plurality of second
indications of size of the second data traffic packets, each second indication of the
plurality of second indications being associated with a different second data traffic
packet of the plurality of second data traffic packets, said each second indication
determining the size of the second data traffic packet associated with said each second

indication, said each second indication being selected from the defanlt set.
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35, A machine-readable medium compsising instructions, the instructions, when

executed by at least one processor of a base transceiver station of a data-optimized radio
network configured 1o use a default set of packet sizes for data tratfic on reverse links,
cause the hase trapsceiver station to perform operations comprising:

receiving from a wireless access terminal a desired set of packet sizes for data
traf¥ic on a reverse link between the base transceiver station and the wireless access
terminal, the desired set being different from the default set;

determining a negotiated sét of packet sizes for the data wraffic on the reverse
link, the step of determining being performed based at least in part on the desired set;

transmitling to the wireless access terminal the negotiated sei;

receiving on the reverse link a plurality of data wraffic packets; and

receiving from the wireless access terminal a plurality of indications of size of
the data traffic packets, each indication of the plurality of indications being associated
with a different data traffic packet of the plurality of data traffic packets, said each
indication determining the size of the data trsffic packet associgted with said each
indication, said each indication being selected from the negotiated set at jeast one
indication of the plurality of indications corresponding to a packet size not included in

the defaunls set.
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