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Background

[0003] The field of wireless communications has many applications including, e.g.,
cordless telephones, paging, wireless local loops, personal digital assistants (PDAs),
Internet telephony, and satellite communication systems. A particularly important
application is cellular telephone systems for mobile subscribers. As used herein, the
term “cellular” system encompasses both cellular and personal communications services
(PCS) frequencies. Various over-the-air interfaces have been developed for such cellular
telephone systems including, e.g., Frequency Division Multiple Access (FDMA),
Orthogonal Frequency Division Multiplexing (OFDM) modulation, Time Division
Mutltiple Access (TDMA), and Code Division Multiple Access (CDMA). In connection
therewith, various domestic and international standards have been established including,
e.g., Advanced Mobile Phone Service (AMPS), Global System for Mobile (GSM), and
Interim Standard 95 (IS-95). In particular, IS-95 and its derivatives, IS-95A, IS-95B,
ANSI J-STD-008 (often referred to collectively herein as IS-95), and proposed high
data rate systems for data, etc., are promulgated by the Telecommunication Industry
Association (TIA), the International Telecommunications Union (ITU), and other well

known standards bodies.
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broadcast/multicast services have been proposed to effectively transmit large quantities
of data from a single source point to a group of users in wireless communication
systems. Contents suitable for such point-to-multipoint services include news, stock
quotes, sports events, movies, audio and video clips, and other multimedia data. As the
demand for transmission of multimedia data grows, there lies a challenge to enhance
such services and a need for enhanced channel interleaving  supporting

‘broadcast/multicast services.

SUMMARY

[0006] ~Novel and improved methods and apparatuses for interleaving a plurality of
systematic bits and a plurality of parity bits to generate an output sequence that can be
transmitted in multi-slot packets from a base station to a remote station in a wireless
communication system are presented herein.

[0007] In one aspect, the apparatus comprises means for demultiplexing the plurality of
systematic bits and parity bits into a plurality of sequences, wherein the plurality of
systematic bits and parity bits are sequenﬁally distributed among the sequences; means

for reordering the sequences based on an index set; means for grouping the sequences
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pl urality infex set may be stored in a look-up table.
[0008] In another aspect, there is disclosed a method for interleaving a plurality of
systematic bits and a plurality of parity bits and for generating an output sequence that
can be transmitted in multi-slot packets from a base station to a remote station in a
wireless communication system. The method comprises demultiplexing the plurality of
systematic bits and parity bits into a plurality of sequences, wherein the systematic bits
and parity bits are sequentially distributed among the sequences; reordering the
sequences based on an index set; grouping the sequences into a plurality of segments
and interleaving each of the segments forming a plurality of matrices having a plurality
of clements; modulating the elements of the matrices; and truncating the modulated
elements of each matrix, wherein the output sequence comprises truncated modulating
elements from each matrix of the plurality of matrices. With this aspect, the truncating
may be performed in accordance with a desired code symbol rate. It is appreciated that

the modulating and truncating may be interchanged without affecting the output

sequence of the invention.
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parity bits are written into the arrays of the input blocks U, Wy, and W by rows, and the

bits are placed starting from the top row and are placed from left to right. The index set

may be sorted in an ascending order. The reordering may occur by end-around shifting

downward each element in each column of each block; and switching the order of the

columns within each block. More specifically, within the first input block U, the

symbols in the i-th column may be cyclically shifted by an amount (i mod R); and

within the input blocks Wy and Wy, the symbols in the i-th column may be cyclically

shifted by an amount (floor(i/D)mod R), where D is a predetermined parameter based on

a rate set and R denotes the number of rows of the rectangular arrays forming the input

blocks. Thevforming may occur by defining the index set as having a plurality of sets

having parameters that can be specified in a look-up table. The permuting may occur by

arranging the columns of the matrices in a prédetermined way and dividing the

juxtaposed matrix into a plurality of segments having a predetermined number of

columns. The interleaving may occur by shifting the i-th column to the 7(i)-th column in
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accordance with a desired code symbol rate. It is appreciated that the modulating and
truncating may be interchanged without affecting the output sequence of the invention.
[0012] These and other features of the invention will become more appérent with a

discussion of the various embodiments in reference to the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The accompanying drawings, which are included in and constitute a part of this
specification, illustrate the embodiments of the invention and, together with the

description, explain the features and principles of the invention. In the drawings:

[0014] FIG. 1 is a block diagram of an exemplary voice and data communication
system;

[0015] FIG. 2 is a block diagram of a turbo encoder;

[0016] FIG. 3 is a block diagram of an apparatus that uses a turbo encoder to generate

forward traffic channels;
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12a-12d, three base stations 14a-14c, one BSC 16, one MSC 18, and one PDSN 20 are
shown. It is appreciated by those skilled in the art that there could be any number of
mobile stations 12, base stations 14, BSCs 16, MSCs 18, and PDSNs 20.

[0021] In one aspect, the wireless communication network 10 is a packet data services

network. The mobile stations 12a-12d may be any of a number of different types of
wireless communication devices such as a portable phone, a cellular telephone that is
connected to a laptop computer 'running IP-based, Web-browser applications, a cellular
telephone with associated hands-free car kits, a personal data assistant (PDA) running
IP-based, Web-browser applications, a wireless communication module incorporated
into a portable computer, or a fixed location communication module such as might be
found in a wireless local loop or meter reading system. In the most general embodiment,
the mobile stations may be any type of communication unit.

[0022] The mobile stations 12a-12d may be configured to perform one or more wireless
packet data protocols such as described in, for example, the EIA/TIA/IS-707 standard.
Ina particular aspect, the mobile stations 12a-12d generate IP packets destined for the

IP network 24 and encapsulate the IP packets into frames using a point-to-point protocol

(PPP).
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above aspect, the |IP network 24 is coupled to the PDSN 20, the PDSN
forward-link signals to the mobile stations 12a-12d. For example, as shown in FIG. 1,

the base station 14a communicates with first and second mobile stations 12a, 12b
simultaneously, and the base station 14c communicates with third and fourth mobile
stations 12c, 12d simultaneously. The resulting packets are forwarded to the BSC 16,
which provides call resource allocation and mobility management functionality
including the orchestration of soft handoffs of a call for a particular mobile station 12a-
12d from one base station 14a-14c to another base station 14a-14c. For example, a
mobile station 12¢ is communicating with two base stations 14b, 14c simultaneously.
Eventually, when the mobile station 12¢ moves far enough away from one of the base
stations 14c, the call will be handed off to the other base station 14b.

[0025] If the transmission is a conventional telephone call, the BSC 16 will route the

’ received data to the MSC 18, which provides additional routing services for interface
with the PSTN 22. If the transmission is a packet-based transmission such as a data call
destined for the IP network 24, the MSC 18 will route the data packets to the PDSN 20,
which will send the packets to the IP network 24. Alternatively, the BSC 16 will route
the packets directly to the PDSN 20, which sends the packets to the IP network 24.
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handed off to the other base station 14b. [0025] If the transm ssion
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MEC 18 wi | lsu[agzlljckgts,t \t]vﬁicﬂ%tag t e%cﬁeeéo t-(t:cg)mlgiplgd aPtDtﬁlél rezc%iver. Redundancy refers to the
substantially similar information carried by each subpacket. Redundant representations
may be generated either through repetition or through additional coding. The process of
soft-combining allows the recovery of corrupted bits. Through the process of soft
combining, wherein one corrupted subpacket is combined with another corrupted
subpacket, the transmission of repetitious and redundant subpackets can allow a system
to transmit data at a minimum transmission rate. The transmission of repetitious and
redundant subpackets is especially desirable in the presence of fading. Rayleigh fading,
which is a form of multipath interference, occurs when multiple copies of the same
signal arrive at the receiver at different phases, potentially causing destructive
interference. Substantial multipath interference with very small delay spread can occur

to produce flat fading over the entire signal bandwidth. If the remote station is traveling

in a rapidly changing environment, deep fades could occur at times when subpackets are
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repetiti ouwhamneds uedhilydemty sigmahcitat sire aesighdtedv far liféremn parties in a time-
multiplexed manner. Alternatively, packet data channels are also described as shared
supplemental channels. For the purposes of describing the embodiments herein, the
supplemental channels and the packet data channels are generically referred to as data
traffic channels.

[0031] Supplemental channels and packet data channels can improve the average
transmission rate of the system by allowing the transmission of unexpected data
messages to a target station. Since the data payload can be redundantly packed on these
channels, a multi-slot transmission scheduled on the forward link can be terminated
early if the remote station can determine that the data payload is recoverable from the
subpackets that have already been received. As described above, the data payload that is
carried in each slot has undergone various encoding steps wherein the encoded bits are
re-ordered into a channel-tolerant format. Hence, in order to accomplish data TECOVery,
the decoder of the remote station must operate on the entire contents of each slot of the

multi-slot transmission.
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manner. Alternatively, packet data S are
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en‘podi nenb?edlc? g flRUre va?ue of the SINR for each base station, wherein the future value of the

SINR will be associated with the next packet duration. The remote station then picks the
base station that is likely to have the most favorable SINR over a period of the near
future, and estimates the best data rate at which the remote station can receive the next
data packet from this base station. The remote station then transmits a data rate control
message (DRC) carrying this data rate information to the base station. It is understood
that the best data rate information carried by the DRC is the data rate at which the
remote station requests the next data packet to be transmitted. In an HDR system, the
DRC messages are transmitted on a MAC channel of the reverse link waveform.

[0035] The scheduling algorithm is implemented at the base station to determine which
remote station will be the recipient of the next paéket. The scheduling algorithm takes
into account the need to maximize base station throughput, the need to maintain fairness
between all remote stations operaﬁng within the range of the base station, and the need
fo accommodate the data transmission rates requested by various remote stations. As

discussed below, the fast ARQ procedure determines the actual data transmission rate at
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3072 payload 2048 payload | 5120 payload | 4096 payload | 3072 payload

Data # slots | Data # slots | Data # slots { Data #slots | Data # slots
Rate Rate Rate Rata Rate

1.8M 1 | 12M 1 1.5M 2 24M 1 1.8M 1

921.6k 2 614.4k 2 1.0M 3 1.2M 2 921.6 2
k

6144k | 3 |4096k| 3 | 768k | 4 819 3 | 6144 | 3
| | Kbps X

TABLE 1: OFDM FORMATS AND RATE SETS

[0038] In an HDR system, code symbols that are transmitted in subpackets at lower data
rates are code-extensions or repetitions of the code symbols that are transmitted at
certain higher rates. In many cases, the code symbols transmitted in a given subpacket

are shifted repetitions of the code symbols transmitted in the earlier slots of the packet.

&
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gener at es faomrtm@ﬁ?ﬂ]%slfdhﬁ pidvictignag diie to irterfeennedtkmatadjagent base stations. It is

possible that some of the neighboring base stations may have been idle during the

sampling period for the SINR prediction calculations. As a result, the remote station
may not always predict the SINR with great accuracy. Therefore, the rate control
algorithm provides a lower bound estimate for the actual SINR during the next packet
duration with high probability, and determines the maximum data transmission rate that
can be sustained if the actual SINR is equal to this lower bound estimate. In other
words, the rate control algorithm provides a conservative measure of the data
transmission rate at which the next packet can be received. The ARQ procedure refines
this éstimate‘, based on the quality of the data received during the initial stages of the
packet transmission. Hence, it is important for the remote station to inform the base
station as soon as the remote station has enough information to decode a data packet, so
that early termination of transmissions can occur, which enhances the data transmission

rate of the data packet.
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Table 1. 320-tone Format 360-tone Format Rate Set 1 Rate Set 2 Rate
Set PogAaye Set TéarRatieidstofSthe 30Bpackets| toatie 20mbtepstptian dresypBahnpemaig 2

4096 payl oad 3072 payload Data # slots Data # slots Data #.sl
Data ¥ o1 GRgsTAd ASUFTEFO NS RENESTER BRCE I HCRnG Sopighsty 1] 0ff fipect

1.5M 2 2. . ym
1212 2 ) Al e Do 248 T et

AND RATE SiHfack@0pRivides anoppBRistysoethe targelaemptessation thalecegedhe subpacket

transmtted in subpackets at | ower da t - '

Fepot L oRerest thnaenar LyboN o PRakeh g thé it Fafi R BH B Bheds &

hi gher r atsfﬂzpack& HERWY 5P Ei%al $hBe GOASUBYERE) MdltoaRsif} thedlclin Redgidasay

subpacket re shifted repetitions of the code synbals transL%i %%gg thn
Jusp ©

a geTﬁar : i @hesué @ft:RCdfbitshé therdreaded \rgyubobrdpreoig g Vb of | s 216%6
e lower data.rates.r i r | I; I
probabi | i fVHBtF %%é%fm}eltrla §S3Hlt %e%ggg%ﬁdgﬁ’ﬁgﬁrs iftgﬂrr%)lt glegétu)ééﬁ%rfefggf %rur)n' ar?eas
fM_h i’ilt fhan r}@lstif:_m%%téigﬂaﬁ t@the basd sthawm Ththedasd bation tdrederaoriate sndinitaspret
ransmt a nessage requesti| I t '
colrrt)_r i sles e RADT_AGKbigR eﬁ‘éf.ﬁg‘Pg‘iY io‘gg ég‘éat“g%"/vi ‘%ﬁﬂ% Irn?"’t‘tte ﬁé%ﬁﬁﬁtgn%%%&r&
multi-slo i i i
ttraﬂ%ﬁ.{g%ﬁ,oglgbg]b@% Qﬁaﬁgﬂgu S hb: RMPRRS GEMamiry Q6hddalelihgubpacket

schedul i ng u ( packets are transmtted, the renpte
stati on nansteissions. Thethasd stethon wlay thenpeaokmit anew dasa geckstitodhe puns BmIge

a portion of the b ket hedul.ed f ,SSIQR- '
fast ARQ 67’36‘88(?_6rt‘2?“&ﬁ§r H%B’rs%étsgtatg‘flgf@w ﬁ{?sstlét[?c?lg’gltﬁaglh%gsbgé@? a otrzléa g
stop the tganspichel Ofbphckehie Tt ykBiId BY oilpakitetie, FAISAL AlOK isimmuak dsraiy

the effective
described is separate and distinct from the ACK messages that are exchanged between

the higher layer protocols, such as the Radio Link Protocol (RLP) and the Transmission
Control Protocol (TCP).

[0042] Since the ARQ procedure allows a fast rate adaptation to channel conditions, the
| ARQ procedure allows for the implementation of a system wherein the initial data
transmission can be performed at a high data rate and ramped down as needed. In
contrast, a system without ARQ would be forced to operate at a lower data rate, in order

to provide a sufficient link budget margin to account for channel variations during

packet transmissions.

Transmitting Interleaved Symbols That Maximize Decoder Performance

[0043] In one aspect to reduce decoder operations, the subpackets can be transmitted in
a manner that allows the decoder to determine the payload of the partial slot

transmissions quickly, while still providing protection from burst errors.

[0044] A channel interleaver may be configured in accordance with this aspect to
permute the bits of an encoded symbol and provide incremental redundancy. With this
aspect, a permﬁtation of the bits is designed so that the systematic bits are sent during a
partial transmission of the multi-slot packet. The decoder may be able to determine the

data payload from the arrival of only a portion of the subpackets. If the payload cannot



data transm ssion rate of the system [0040] It should be noted that

the ARQ procedure has the potential to significantly increase the
f orward Iivﬁ(ﬁzqoﬁ)r’l%ﬁaﬁput of the underlying wreless comuRt TEp704p{017993

system As discussed above, when the regote station transmts a DRC
nmessage to the base station, the requested data transm ssion rate is

det er mi ned s AgchN@ieh BeSrentid Station Bhasritst heganhé atkrsseedgpanmt oBkNRARQ
values to predict the SINK value of the near future. However, due 1t<§,

fadi ng condharineh<Thehbaseastatinn theeives tin NATS e EaISmits ot svbseqat sppac

nmobility of the.rempte sfatio t i Cli: :

near futur EOFENHE:2 ?tbqniag?)%y %F?i Igg“ﬁ ?%Ilﬁg{ﬁ%{athﬁg C%f%ﬁ?ﬁgﬁc’%t% % %ug\b ?/\%(rg with
link traffigge siaRg retBvedsysushaticabifs’ @idethe neiwlpmedeivedSpaRy dits | then pnoiber
signal due to interference from adjacent base statiﬁ [

ol ois .
possi bl e t MK do trenwhitteThrebapstsiationgesrives tae seqo8d ‘&rgya"r‘ilatx‘i@sﬁlété gnother
i dle during .th S I | o6l NRs Bk o A i ine
cal cul ati o%g]?pa et,a%ﬂ}ézé d ngﬁﬁ%@égr?%[ B@?sﬁﬁ%b‘ﬁs may rg‘gl%ﬁglar\/\%@egelg?%gﬁ?c’
the SI NK witihARBQaRbedined) salssequeki eutgfackess trarsenitter by therbasostaticnl egotain mere
provides a | ower bound estimate for the actual SINR during the next
packet duPgE{YdHSwi t h hi gh probability, and deternines the maxi num
data transm ssion rate that can be sustained if the actual SINK is
equal [60usthi s | oneithdpomtdsethei cahael interlebtee rpermotes the tshgematicebitoand dhe

al gorithm provi des a conservative neasure of . the da transm ssi on
r atg e at \/\h!%_@ﬁWtbi@_ inemapRE l@éa‘ Eha"ﬁﬂl?esyﬁ'@@é?‘?/&&s a‘ﬁéa@dtﬁﬁ%g@g{]?éa packet
refines this t}felsgéxﬂgtb?ls apé‘ﬁfaﬁe(ﬁgt thRGeHUS the Yadet. IR EiRbRIKREGIuYRSes, the

during theini tages of t packet transmi ssion. Hence, it is
i nport ant fpacket i divided epsinki iportions, and eaalh perEion Hs dransmittadosequentiatpnas

as the renote, statjion has ough i nf of NRt L on

so that e&Ffdpdhy ﬁﬁ’?‘f’tgrf%%l’ont Eliﬂ%emléasm%thosnak{ %or%gagféﬁﬁs \%ﬁ%%ﬁq%ﬁ angré(%e
the data t r@aastHyERIA0Bnly At @deitiohd1epatiey BitP arkeinsmied? 04ibérlRdd 2Rransmitting
PCT/ US2006/ 01 3 13 6’0041] Transm ssions of the subpackets to the

renot e st athesntise encoder @HPYly sent in a staggered pattern so that
transm ssi on gaps occur between the subpackets. In one aspect, the

subpagligfe} are tASBLdk A 10RO iskeRlativ bk abhebegihningsdfahe scheduldd pagket
bet ween Subpackets provides an opportunity for the target reno

t
station to tdesoidsion hway ippaakér defvet dhe pumosaref ¢ aghagpel; méerizayer but the
subpacket . elrrIbolclhj}r(xaentnsfa H&%ﬁb&f st Rtah %e%&)fmﬁe?lte%etﬁ%gvih@ fesilience to burst errors

while still allowing the decoder to operate on only a partial transmission of the packet.
Tn many implementations of power-efficient, wireless communication systems using
turbo codes, the output of the turbo encoder is scrambled either before or after channel
interleaving so that data is randomized prior to modulation. The random scrambling of
the turbo encoder output limits the peak-to-average ratio of the envelope of the

modulated waveform.

[0047] Referring to FIG. 2, there is shown a block diagram of a turbo encoder that is |
configured to operate with the channel interleavers of the invention described herein.
Turbo encoder 200 comprises a first constituent encoder 210, a turbo interleaver 220, a
second constituent encoder 230, and a symbol generation element 240. The first
constituent encoder 210 and the second constituent encoder 230 are connected in
parallel, with the turbo interleaver 220 preceding the second constituent encoder 230.
The output of the first constituent encoder 210 and the output of the second constituent

encoder 230 are input into the symbol generation element 240, wherein the outputs are



subpacket before the arrival of the next subpacket and to verify the

Cyclic Re Check (CRC) bits of the decoded result before the
arrival of %@Qﬁg‘% subpacket, the renpte station can t PAHURT06/4H993
acknow edgnent signal, hereinafter refetfed to as a FAST _ACK signal,
to the base station. | f the base station can denpodul ate and interpret
t he FAST_Aprnciyigaandgepdates @nedgr tifoamn e clssioéd nimbereod tusioh eutzdded output
subpacket %Igg&?m ssion, the base station need not send the renaining
schedul ed stibpacket transmi ssions. The base station nay then
transmt a new data packet to the same renbte station or to another
r enot 004Bht i on Huoheembedinens: th@eflrS@candrmtomhdomeIBndeaccgim afio,f 280 are

t he cancel | ed. subpack not.ed t.hat the FAST ACK si
her ei n desgrfsbvgd chvogg%g}a teélcool(ﬁe('is ﬁlcr%%lg'f“ieen’]nt ﬁ@owmghcgﬁs rglp]sgqr
are exchanggdii®et ween the higher |ayer protocols, such as the Radio
Link Protocol (RLP) and the Transmi ssion Control Protocol (TCP).

[ 0042] Since the ARQ proce al st daptation to
channel conditions, the R@@roﬂédmﬁgh Mbg/téﬁ)ﬁhe i npl ement ati on
of a systemwherein the initial data transm ssion can be perfor med

i thout *ARHE G005 T B EATT oraArL & F I3 PderDIE hrianed” FAToDgeE

to provi detha fist fridcdeeid bondgrdRueeRiodsmra0N25® t8E GaBPtentSler Qb@%eﬁé ates a
variations during packet transmissions. Transmtting Interledve

Symbol s Thiitralixeineadeddass antppiesymtholeande plocuisy of encodasl tail pytput syombols,

reduce de transm.tted

manner  nataprane PREURGSE cichRed HARRGEE 55T B shERATE it Fnplaea B e

partial slsymbol rgamam(ms elanﬁ:nq Qi@ kehy thevpluralitg tof| elnc@dddvﬂaﬂl cn@?m rsyhdelsi 28
con

from bur st rors 0044 annel interleaver igured in
accor dances eqtly bo L tg uri: and, aeppgied b}h@%ﬂl@b%fgeaﬁaté%@mng%%@s

and provi ci@rthaca@dzsﬁta&salm r@@un&é@ﬂ%er Vith hobRisS, 19@591%5ed aEﬁ?a'hH%fu @hh&ikl

of the bits is designed so that the systematic ts are sent rrng a
partial triaiesleiysg é@r Optimfred MRdta Thsllughpm,éfcxkht:h isTamsigned oalére axBigndeeof the
able to dﬁ?{?ﬂ%m‘\% tr})e data payload fromthe arrival of only a
portion of e LB PE8kets. If the payl oad cannot WD 2006/ 124428

PCTI US20061017993 14 be decoded, then the renote station transmts a
negatl0QPlacknoiilEd §rieatblark diagramRe) an apparatus that uses a turbo encoder to generate

forward traffic channels. Data packets are input into a turbo encoder 300. Turbo encoder
300 may be configured in the manner described in FIG. 2, but alternative configurations
may be implemented without affecting the scope of the embodiments. In one
embodiment, a scrambler 310 is used to randomize the output of the turbo encoder 300.
Scrambler 310 may be implemented by a linear feedback shift register (LFSR), which is
configured in accordance with the generator sequence h(D) = D!’ + D™ + 1. Eﬁery
output code symbol of the turbo encoder 300 is XORed with an output bit of the
scrambler 310. The scrambler 310 may be initialized by information such as the MAC
index value and/or the data rate, and is clocked once for every encoder output symbol.
The output of the scrambler 310 is interleaved by a channel interleaver 320. The
interleaving is implemented in accordance with the embodiments of the invention as

further described below.

[0050] Various implementations of channel interleaver 320 may be used to realize the
embodiments described below. For example, a channel interleaving element may be

produced using at least one memory element and a processor. Alternatively, a look-up



channel . The base station receives the NAK and transmts a subsequent
subpacket containing additional parity bits. If the rempte station
cannot de%(aémfhé“%%bpackets with the*already received E9£’P§%Pﬁ?’?’8993
bits and the newy received parity bitd6é then another NAK is
transmtted. The base station receives the second NAK and transm.ts
anot her  $allpafREAD adereshes orcWRIES addrasses Baxibepsed to,pepnite an ggray of {1pst

NAKs are received durin the A bge e

transmtt é&ﬂﬁ@lsttﬂegegggaéqup a1 n@gﬁ{ﬂéfiﬁé&;ﬁgbag’aﬁ ?‘;’1& @%’rt @&B@g%ﬂ%lmﬁe
ot her wor ggachirRensBANSId foNkepetaGay esqupttaof sdiréshes dofftegtiei perhitatonnt
the parity bits in a manner such that the syi ic bits are Io.gded

t emgt )
at the fr dpputsymbolpfeibet implegentaionsars kiovs todt aﬁeg'% S&Qh’é‘c}h%%ﬂ’tﬁ%‘ VE ot
of the pagket. . For SHE SSI p g t, e I Vd
"nt o port PEriescilft A" o Bitar RAERenthith, WIRGHE aftefs il 4cER of e
needed by eidbodintontd eeleowat i on. Hence, if additional information is
needed to decode the data payload, only the additional parity bits
are mttegq,.r F t .10 '
out pllPH o0as] ot riEladd B fiF] SARRThihBRe: 226 of Me L ofE Sapabie of
begi nni ng opératihe iac BEIRI BdtapaC lpedviding aPlatingai Broadesst apyeatxHEo-Di2f #¥éith
t he purpose of a _channel interl| ea:{er, buit1 t he . er%eo iments descri l:t)ed
herein caklamupyBroadeast @Fhappal injerieauenneeds fosatgfy YInES P Fegnents:
while still allowi ng the decoder to operate on only a partial
transmi ssi on ofy. t he Nvagly@hiforrh pun@myng ofyleeioebitauisadis sapport code rates other
power-efficient, wreless conmuni cati on systens using turbo codes,
the output of the t3ol/3aB@d6Y: is scranbl ed either before or after
channel interleaving so that data is random zed prior to nodul ati on.
The random scranbl i nghifhm Gikeibutiol Oofe SEaeatico bitp Udvet i all OFDINemodulation
peak-to-average ratio of the_ envel ope of the  npdul ated waveform
[0047] Referring tosypmbplspduringdhe first slohef{isansoBsi% di agram of a turbo
encoder that is configured to operate with the channel interleavers
of the inventign desgid-b&dpitidikiynacrost Wlaborancaitin HEGaarnatd setslmother

first constituent encoder 210, a turbo interleaver éﬂ%& a. setf‘%}r%g[
constituent encoder Veeds, higher datgypisdrangiaissions AGHTHCRIRE NETSERS O ower
first constituent r : lik8 M B BEREEor 2
are connected in p?rg%l %Itr&%m%%&qﬁgpﬁlgr%g%g?%Fg'??ggivség 22%1 pr eceo?fn%o
t he second constit udhARbaxtdrsy@ah. Evaihthougit Platinwh Brhadchitrdoes not employ

constituent encoder 240 and. the Ul 0L Arli BRI SaNRE Erothst as it

enables variable rate broadcast transmission, and it also simplifies

modem implementation; and

4. Modulation-friendly sequence repetition: The modulation and sequence
repetition steps may be interchanged without affecting the final transmit
waveform. This property simplifies the demodulation procedure when

sequence repetition is involved.

[0052] It should be noted that the curtent channel interleavers and interleaving
techniques satisfy only some of the above requirements. For example, while the data
optimized (DO) channel interleaver was designed to satisfy requirement (1) above for
code rates in IXEV-DO, it only partially satisfies requirement (1) for code rates in
Platinum Broadcast. In another example, Nokia has proposed a modified channel

interleaver for Platinum Broadcast that satisfies requirements (1) and (2) above, but do



encoder 230 are input into the synbol generation el enent 240, wherein
the outputs are WO 20066124428 PCT/ US2006/ 017993 15 punctured and
repeat ed WO 8§d2442H form t he desired nunber of turbo enBeHER208¢P17893

synbol s. [0048] In one enbodi nent, the F7rst and second constituent
encoders 210, 230 are recursive, convolutional encoders, each

conf i gur ed ppinmag g&i % Hhnlig). tSeé”“‘Eﬁﬁéncecﬁ ‘@hﬁﬁﬁ& rlmeﬁw)er Beklgn for DO
no(D)/d(D), nl(D)/ erein d(D = + D3, no( ’
D3, and n1B@MCS,i’byZhoue|Dal GfHQKIaUS| ng the f| rst and second
constituent encoders 210, 230, the turbo encoder 200 generates a
plurality of encoded data output synbols and a plurality of encoded
tail it synﬁ‘olfgrthelwﬂi@steatﬁ atfiret ybarieaving pspsct ef dediadenttonathsuaysput of

synbol s ar ubse uentl p atio

520 and t hgurg &hey e{ vag%e Lr‘il g%&‘ fnécp ?ﬁerg{ﬁ? Blegcg rﬁ% (gﬁlg rl§§sequenr‘)se§ dgnm?&f as
subsequent ByPQH @, luAEt Py eth patculen aas Qde@én&&ﬁef@’s e YRRATHE S of the
el ement 240 as further describes in U S pl. Ser. No. 09/863, 196,

entitled " bR ARsethIAa &b and Foe ﬁwﬁqugeﬁ% Fo thet gt E@EFYBQ%P“CCS (rate 1/3)
Throughput ¢ ?B’O\A@SC&BI ?@ﬁéﬁ%@g«{l Epﬁeaﬁ%og&ﬁ élf ahd@%he ﬂt sequences

I nvention. 'S a I 'agram o h apparat us t]hat uses
a turbo encdeen thosgené patity setoences daﬂerlaj)fﬁmmahmt\mbmsumnaem:admm the

are input i to a turho encode r.no, ncoder 300
confi gEr ed TR0 redtfy ﬂ%’fated%sé I"“B%% By pn Flti’ Otﬁoq]{lp%sgyewé%/ @ﬁe rate sets 1-

confi gur at 5 gNPlatinBh HDaidHR1 KEBRAGHA iMrheut EadH &Cthé ‘P&e%@@eﬁ@é@@ ng Pe ,hi%
enbodi nents. In one enbodinent, a scranbler 310 is used to random ze

t heI out put awst Pt hes adensgih @ﬁé\b%benbcss)(f’or r@e wetstll and B1D rﬁwzb@r rate set 2, N =
cont 1 gur ea PP S0 clFdEhed B TR0; R e B0 A2l 08 ol s of

+ 1. Ever ycodeUlypibblsapsiecas ehtmsmittelie ohel slog egncaded 8800 the 20RED wad
an output bit of the scrambler 310. The scranbler 310 may be

i nitial i zetRdApr rai¢ sithhendn Mehl#s the MAC index value and/or the
data rate, and is clocked once for every encoder output synbol. The
out put of the scranbler 310 is interleaved by a channel interleaver
320. The L 19yl enment ed in accordance with the
enbodi nents of the invention as

[0054] With the above aspect, a block or sequence U is set equal to S, a block or

sequence Wp is formed by concatenating Py and Py’, and a block or sequence W is
formed by concatenating P; and P;’. For rate sets 3 and 5, P; and Py’ and hence block
W; may contain empty sequences. More specifically, with the turbo encoder of the
invention operating at rate 1/3, the demultiplexing can be completed using three
sequences denoted S, Py, and P’¢. In this case, the rearrangement or reorganization of
the order of Py and P’ results in an equivalent interleaver from the viewpoint of error
performance, since the requirement that the first and last sequences remain at the first
position and last position has not been violated. Stated another way, the channel
interleaver will be configured to permute code symbols in three separate interleaver
blocks or sequences with the first block or sequence U comprising the sequence of S
symbols, the second block or sequence Wy comprising the sequence of Py and P’y
symbols, and the third block or sequence W; comprising the sequence of P; and P’y
symbols. As mentioned above, in the embodiment wherein the turbo encoder operates at
rate = 1/3, the channel interleaver will be configured to permute code symbols in two

separate blocks or sequences, with the first block or sequence U comprising the



further described bel ow. [0050] Various inplenentations of channel

i nterl eaver 320 ma)é be used to realize the enbodinents descri bed

bel ow. ForV@RUIEH28 3 channel interleaving el enent may bBCTHSHYEEEHO3

using at |east one menory el enment and al®rocessor. Alternatively, a

| ook-up WD 2006/ 124428 PCTI US2006/ 017993 16 table of READ addresses

or VR TE aseflueneecdf Seggupeces sed thesepmdrhlock arsequensy Wi compising i ¥Eplesice

t o gener at 8f%nan%rlg,a yrﬁ%oli nterl eaved synbols. In another alternative,

a state mach] ne nhy tsed to generate a sequence of addresses

defining the pernmutation of input synbols. O her inplenmentations are

known[@0551 hose bf apkémbodimenhevherdin aasetamblihg rddmerheis dgear agRdthe output
not affect the scope of the

herein. The chogi ce,of 1 nplenen ion Wl c

enbodi nent ?’r%%qcf%  the ng]gn‘fqra%f ggilaff‘p‘}?‘@ﬁ?%\t“étﬂﬂ?ﬂ&%g Qqeurse hgrpheye embodiment
S or] _ : PSod i

i nterl eavemap2fll B itPRmeARNIjoAN Blécl@ﬁ%gﬁ&il)?gfof %@WP@%@F?%@* or

systens providing Pl ati num Broadcast ove

Br oadcast , Sequeneardh esramblask Pocradd o speaheids, mod sdfockfor stipenteobf taisegmbled P,
r equi remangaﬁp,l y (ﬁ%l y uni form puncturing of parity bits (used to
support code rétses other than 1/3 and 1/5); 2. Uniformdistribution
of systematic bits over all OFDM nodul ation synbols, during the
first slotSyhbelRenederiagi on; 3. Rate-conpatibility across data rates
within the sane rate set. In other words, higher data rate

t r anspepse] ons : [ I data rate

tr ans[m)s?i ons g{?@t ﬁéﬂﬁﬁéﬁgﬁﬁg"i g?&?{;ﬁ{%ts%}gesa r e{:]ntﬂuggrgrﬁrﬁe%fs dp aggRydance
H ARQ bas ewitls {hetabave Epent ofitbeigiveiticnt iAn step B00 adgasices SER,, Py, PRraH®Y’ are

1 onabl et Bl oo P oiBRER oS LK <imphe fakou & B saput block or
si mpl i fi esequende U, iagHcen® Mput bRtk RNEqdbncd/Wopisadol8ba fogl g:gg@‘%ﬁﬁﬁ%%%g

repetiti 03): , The npdul ati on and sequence repetition s
ad

i nt er changdi W@H@ﬁ@ it Block 9 sqdwendei Walis formed by concatenefing By anthiP;S. The
property siambisfde %vrfé%ﬁ iR Bkl 8954915181(1:0%9 %gr%o%,evrs}hergi% lif?n%%?s are placed

repetition’is involv
starting from the top row and are placed from left to right. At step 402, the code-symbol

sequences are reordered in accordance with the following:

First, define My= M-N ifM>N,
2M~N otherwise
M> = min(2N, M; + M), M3;=M;+M-2N ifMy+M>2N

My +M—2N  otherwise

[0057] As stated above, M is defined as the number of code symbols that can be
transmitted in one slot, and N is defined as the length of each of the five sequences S,
Po, Py, P1, and Py’. It is appreciated that other implementations of the interleaver may
also be used, for example, a look-up table may be used based on empirical data or other
data to determine the values for M;, M>, and Mj; to generate the index sets and the code-

symbol sequences. That is, M, M, and M3 may be arbitrary values specified by a look-
up table.

[0058] Next, define index sets §;-Ss as follows:

St = {round(i*(2NIMy) | 0 <i < M1}, Sy = {round(i*(2NIM2) | 0<i < My} — Sy,



[0052] It should be noted that the current channel interleavers and
interl eavin t echni ques satisfy only sone of the above requirenents.
For exarrpl"%‘?Z‘Wﬁ"ll?‘@z’i he data optinized (DO channel int e?¢"gﬂ§"(996/9\ﬁ§93
designed to satisfy requirenent (1) abtsve for code rates in 1xEV-DO
it only partially satisfies requirenment (1) for code rates in

Pl ati num Broadsasti|0€iadN}hes; e8anpl e, Nokia has proposed a nodified
channel interleaver for Platinum Broadcast that satisfies

requi renments (1)_and (,2) 0P . ?,Q 24428 ¢,

e US3600! 018k Pt oRRER Oreé%f‘%gh%\%g‘q 37’1an§:}(4‘§4. See
"Enhanced Channel Interleaver Design for DO BCMCS, " by Zhou et al.
of N[0058] [ 005Fhe Flomkntstafieach ofl indaxragtseSiaSstre then portesin aBePNAFYELEIFECt of
the invention, the output of a turbo encoder may be scranbl ed and
demufdgeny €xed | | ¥Re SYDBEIHLGRGRSs 418 r8&te@ss followk0, Po', PI, and
P1'. hWr?%arti ctﬁ]{a%él’),tﬂetct\ége y’glgqueﬁce rsef ers to the systematic bits of

the turbo encoder. The PO and Po' sequences refer to the fir

parity sequenchler fafeatess 1,/ 239nd 4>rtB‘?erq‘?egyPﬁ%9(fé‘°&‘l‘§’c“?e§@E‘?ﬂe° Efiﬁloaér?t’ SHoQke
turbo enc 1' sequences refer to the second
parity segﬂ’zﬁ ’e@g%?);?gl(%])!iw&rs )m the two constituent encoders of the
turbo encoder. For rate sets 3 and 4, Pl and Pl denotg eﬁptyU S
sequences. TheFpnrate sets 3 and 5 the cofesymhahspausaes e TeardefGiny; §YolSy:
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rat e[A062] t he Hermte isplisclk and) 3cthe mordemdredeeymbel Seduchfeselron
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levels.

[0063] For rate set 2, the reordered code-symbol sequences from the symbol reordering
stage are grouped into two segments of length M each, followed by a third segment of
length 5N — 2M = 2560. Each of the first two segments is subject to matrix interleaving
with R = 4 rows, C = 64 columns and L = 15 levels. The third segment is subject to
matrix interleaving with R = 4 rows, C = 128 columns and L = 5 levels. For rate set 2,
the interleaver output sequence for the turbo encoder will be the interleaved U symbols

followed by the interleaved Wo(S1)/Wo(S2)/Wo(S3) symbols.

[0064] For rate set 4, the reordered code-symbol sequences from the symbol reordering

stage are grouped into three segments of length M each and then each segment is subject

to matrix interleaving with R = 4 rows, C = 256 columns and L. = 5 levels. For rate set 4,

the interleaver oﬁtput sequence for the turbo encoder will be the interleaved U symbols

followed by the interleaved Wo(S1)/Wo(S2)/Wo(Ss) symbols and then the interleaved
W1(S4)/W;(Ss) symbols.
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Table 2: 16-QAM Modulation, where A = 1/v10

Sequence Repetition/Truncation

[0067]

Referring back to FIG. 4, at step 408, if the number of required modulation

symbols is more than the number provided in the above embodiments, then the

complete sequence of input modulation symbols can be repeated as many full-sequence

times as possible followed by a partial transmission of a sequence. If a partial

transmission is needed, then the first portion of the input modulation symbol sequence

may be used. Similarly, if the number of required modulation symbols is less than the

number provided, then only the first portion of the input modulation symbol sequence is

used and the rest is truncated.

[0068]

In another aspect of the invention, the modulation step 406 and the sequence

repetition/truncation step 408 may be interchanged without affecting the final outcome

of the interleaver.

[0069]

In another aspect of the invention, the output of a turbo encoder may be

scrambled and demultiplexed into five subsequences denoted as S, Py, Po’, P1, and Py’.

Similarly to the first aspect, the S sequence refers to the systematic bits of the turbo

encoder. The Py and Py’ sequences refer to the first parity sequences (rate 1/3) from the
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[0071] More specifically, at step 500, the S sequence is written row-wise into a matrix

W with R = 4 rows and C = N/R columms. It is appreciated that the number of rows and
columns in each matrix is determined by the modulation scheme used for the given
packet type. For example, the number of rows is equal to the number of code symbols
per modulation symbol (4 for 16-QAM), and the number of columns of each matrix is
determined by the length of the sequences U, Py, Py’, etc. The Po sequence is
concatenated with the Py’ sequence, and read into a matrix Wo with R = 4 rows and 2C
= 2N/R columns. If the P; and P;> sequences are non-empty, then the P; sequence is
concatenated with the P;” sequence, and read into a mattix Wy with R = 4 rows and 2C
= 2N/R columns. The symbols are read into each matrix, with column index
incrementing first, followed by row index. Next, at step 502, symbols in the i-th column
of the W matrix are cyclically shifted by an amount ( mod R). This is referred to as the
end-around-shift operation. In the Wg and W matrixes, the symbols in the i-th column
are end-around shifted by an amount (floor(i/D)mod R), where the parameter D is
specified in Table 3. It is appreciated that the values chosen for the above parameters

are for exemplary purposes only and that other values may be used.



x(4k+3) x(4k+2) x(4k+1) x(4k) MXK) M(k) 00 00 3A3A 000 13A
A0113A-A00103A-3A0100A3A01T 1AA 011
S1-T- A - AVQ@I0800HRY 24428 PCT/ US2006/ 017993 21 0 1 4 0 RCT/AR2006/01799

0O0-A3A 1101-AA I'111-A-A ZQ311TO-A -3A 1000 -3A
3AA. 1001-3AA 1011-3A-A 1010-3A-3A Table 2: 16-QAM

Ret orring back 1 o PR 7 MARX SR SEP RNt E o RRGBE: il e

modul ation synbols is nore than the nunber provided in the above
enmbodi ments, then thg conpllefe seqlience of [l nput npdul ati¢n synbol s
can be repeated a5|ﬁ%ﬁﬁ & | sequené% timeg” as posgﬁble f @l | oned by
a partial transm ssion of alsequence. . 1f a . partial |transmission is
needed, then the firgt por t i gy 0f th@ i nput [zgpdul atfyon syniol
sequence nmay be use Simliarly, if the nupber of jrequire

modul ati on synbol s i s—t+ess—than—thenurber-provi-det—themjonly the
first portion of thel2i nput nBeid ati ¢h synboSlSequque IS sed and

the rest is truncated. [0068] |In an¢ther aspect of {the invention, the
nodul ati on step 406 %nd the 5?162 uenca4 ;1280 b
4 4006 |4 loos s
- . N, W, N .
s 072 pes |t
i a
Column Reordering
[0072] At step 504, the columns of matrix Wy are partitioned into sets Si, Sz and S; as
follows:

The index sets S1, 52 and 53 are defined as follows:
= {floor(CIM)) + round(i*(2C/M)) | 0 <i< M},
Sz = {floor(CIM3) + round(i*(2CIM5) | 0 <i < Mz} — S1,
S3={i]0<i<2C}-81-S>,
where C is specified in Table 3 and M;, M, and M3 are specified in Table 4.

[0073] If the matrix W is non-empty, then the columns of W, are partitioned into sets

S, and Ss as follows:
S4 = {floor(CIM3) + round(i*(2C/M3) | 0 < i< M3},

Ss={i|0<i<2C} -S4
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In some cases, the W; matrix is non-empty. If the Wy matrix is non-empty, then

the juxtaposed matrix has R = 4 rows, 4C or 6C columns, and K levels.

Next, define

Li= 2MIR ifrate set=
MIR  otherwise
I,=Ls=MIR

[0077]

3

The juxtaposed matrix is then segmented into four parts based on their column

index Ly, Ly, and L3. In particular, the first, second and third segments comprise of Ly, L

and L3 columns, respectively, and the fourth segment comprises of the remaining

columns of the juxtaposed matrix.
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1768 11 Colum Reordering [0072] At step 504, the colums of matrix
W are par&@)+owashdrptoocselrg SI, S2 and S3 as follows: The index
sets SI, S2 and S3 are defined as follows: Sl={ floor(C M) +
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matrix WL i s non-enpty, then the colums of W2 are partitioned into

sets S4 and S5 as follows: S4 = {fIOO(CIM3) + round(i*(2CIM3) | 05
1 < M3 }, Modulation

[0080] After the column interleaving stage, at step 510, a 16-QAM is used to modulate
the interleaved symbols. In particular, the four consecutive rows of symbols (R = 4)
from the column interleaving stage are grouped to form a 16-QAM modulation symbol.

16-QAM is discussed above with other aspects of the invention.

Seguence Repetition/Truncation

[0081] Similar with other aspects of the invention, at step 512, if the number of required
modulation symbols is more than the number provided in the above embodiments, then
the complete sequence of input modulation symbols can be repeated as many full-
sequence times as possible followed by a partial transmission of a sequence. If a partial
transmission is needed, then the first portion of the input modulation symbol sequence
can be used. If the number of required modulation symbols is less than the number
provided, then only the first portion of the input modulation symbol sequence ‘is used

and the rest is truncated.

[0082] In another aspect of the invention, the modulation step 510 and the sequence
repetition/truncation step 512 may be interchanged without affecting the final outcome

of the interleaver.

[0083] With the channel interleaver of the invention, higher rate codes such as those
used for broadcast/multicast services may be generated simply by discarding or

truncating the last few outputs of the interleaver. This procedure provides results that
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[0085] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. 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.

[0086] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, conmtroller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
€.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
Or more microprocessors in conjunction with a DSP coré, or any other such

configuration.



In the k-th segnent (k =1, 2, 3, ...) of the juxtaposed matrix, the
i-th colu I ved to the ir(i)-th colum, where m(a)_=_ 79i npdLk
O<i < LkW?é@?g?“%le synbol s in tach segnent are then r%%HUg%?PW%W%
row i ndex incrementing first, followedypy columm index. Modul ation
[ 0080] After the colum interleaving stage, at step 510, a 16-QAMi s

used feagpdul at ghe tfigpd RFes! pRiRE Sy NdISbSthm Nepaiteticin aonnédienf atth the
consecutive rows of synbols (R =4) fromthe colunn interleaving

stage are gmbogisntsodiselpsedohereinapay be embediedndisseiiy o hardwargnm a software

di scussed abhaove w her t i t] que
Repet 1 1 onPiotieciehds® P GERRRREE forth g AUPHER' (e (PEUPRare module
invention, pay skt MIRAM nidatorpuilasht mémoggROM mematy] HRROMS ynenoirg,
is nore than the nunber provided in_the above egqgi n&@t Péhen thﬁ
conplete s TBIMORYp (REIYFaUNHE | BF 0

EERRAM frerauhareli sk, A rARAVablE AHislh & pég PTAY RS
full- sequepnce 4d j : I ' i 8§ to
of & sequerctd o) §5Ee BRARAFRAGI S o B RURLETH kR ERRTS PR
portion of tHehmotesputtsuctwthat dtei rocesyormh rezstinéoromtion fronh end yatie infbrmation

nunber of required nodu) atipon.s ols is,|less than,the nunber
o ovi e Lndhe BRiAEE oy By e AR Ve e RIotPd PG RB D Ghieg ki fhe
sequence | §rddsQfr. BRODrbORsdreald the stdrbfiC flelflm hA0Gedidd m anaisIer Ths RESIC

of the invention, the nodulation step 510 and the sequence _
repetiti onfrayussdde inonussr égynEnd. Fethe iteinaties, dhrapipeessor aigbile siordgscmedgm
the final outcor of_the inter| eaver. Wth the channel

i nterl eaveP§f° n%easii\ﬁé% F%rﬁ?o_eingﬁg‘raaursg{tgg%gl és such as those used
for broadcast/nulticast services may be generated sinply E&/}

di scafi®i88Y or Thepeaidusdeschiptipmof thedlisclased embodimentsds prgvidlefl éxgiable any
This procedure pr.Qvides results that / X S
PCT/ US2006 PG oSl tiﬁﬂf‘c? iR 5E ?{Eeaﬁrgge?‘t ﬁ;éﬁ&%bt\{a%fls Podifications fo

operating #esé ainBodifiaR wisl ¥ Readidy dppaként.to tHds8 skilled,in alfedart/ dnd the igbneric
t he appropriate puncture patterns, and other rates desi _%{l?ed to

operat e i nPEyeiplesrdefined\iceringoay be annlisd i kgt smPodepts Wifpupgpparting from

the spirit or scope of the invention. Thus, 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 principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



[ 0084] Those of skill in the art would understand that information
and signals may be represented using any of a variety of different
technol ogi es and techni ques. For exanple, data, instructions,
commands, information, signals, bits, synbols, and chips that may be
referenced t hroughout the above descri2gti on nmay be represented by

vol tages, currents, electromagnetic waves, nmagnetic fields or
particles, optical fields or particles, or any conbi nation thereof.
[0085] Those of skill would furtherCh#@Msciate that the various
illustrative | ogical blocks, nodules, circuits, and al gorithm steps
descri bedl. isntrgwmiigiog roparating for ﬁmgleaeimg@cﬁlureltiny@f dymameﬂts laed ephiratly be

conbi nat 1 el 8y s B ReEr LR GRTRIDE com BE PR oo 1

of har dmcleetaﬁdmwawaa@on foQATEAUR statiotl i 4 HireMss APANEN0E syRbRCKS,
nodul es, circuits, and steps have been described above generally in
t erms of‘PHE?Fmgunctlonallty Wiet her such functionality is

inpl enented as hardware or software depends upon the particular

application a%aﬁ?ﬁirﬂ@mﬁﬁ@%xﬁ%tﬂ& Eluk%ﬂ}?éﬁs&g@ﬁl ?Qﬁltsoéﬁ%rtﬁ% *)]tu@ﬁ%}; &M

Skilled artisans may 1 nplene uncti1ona
varyi ng vmp@ Yitsrintoaqturphiyt df subpackeagp pthiecat the pluraliiyof systdmatic bltS and the

cepar tur & BRES 88 B R o TR B P B G b

vari ous |Ilustrat|ve | ogi cal bl ocks, nDduIes and circuits described

in connecti Omedhd for kdRd@HRARKE praplisy sh sﬁ%e&eﬁﬁg biH 8h An TRY¥x R&;
i npl enented or performed w th a general purpose processor, a digital

signal processor (DSP), an application specific integrated circuit
(ASIC), a fielmpapy @ggmmmgltbe glataéltsmfr&abpa(cmwo @plumlhselof sqgmegtsantiil e

1001¢ dewhEfeay HoXGELLAMIR AR HEANSLHIRRI S gnegtrfces BT RIBLSY ©

conponent s, ny co ion t 0 per
functiongkﬂessrlbed ‘herein. A general purpose processor nmay be a
m croprocessor, but in the alternative, the processor nay be any
conventional processor, caontroller, mcrocontroller, or state
machi ne. A pr S8sF Mmedylating thepliraliy & plsmeria ohthe 2wkt iof matrises;end
conmputing devices, e.g., a combination of a DSP and a

M Cropr ocessOmea@ Rr Yrkhting @ nfddulRARS Q6REFO0P ca@ BratrX ofnﬁ’iE lurality of
mi croprocessors in conjunction with a DSP core, or any othe Sach

conf i gur StIHES, YWISIOD0BE LRI SePETEUSHOMEES 1PogRed modulating elements from
each matrix of the plurality of matrices.

2. The transmitting apparatus of claim 1, wherein the demultiplexing occurs by storing
the systematic bits and the parity bits into a plurality of rectangular arrays of R rows and
C columns forming a first input block U, a second input block Wy, and a third input block
Wi, wherein the first input block U comprises the systematic bits, the second input block
W is formed by concatenating a first set of the parity bits, and the third input block W, is

formed by concatenating a second set of the parity bits.

3. The transmitting apparatus of claim 2, wherein the systematic bits and the parity bits
are written into the plurality of arrays of the input blocks U, Wy, and W; by rows, and

wherein the bits are placed starting from the top row and are placed from left to right.

4. The transmitting apparatus of claim 1, wherein the index set is sorted in an ascending

order.



27 [0087] The steps of a nethod or al gorithm described in connection
with the enbodinments disclosed herein nmay be enbodied directly in
hardware, in a software nodule executed by a processor, or in a
conbi nation of the two. A software nodule nmay reside in RAM nenory,
flash nenory, ROM nenory, EPROM nenorg9 EEPROM nenory, registers,
hard di sk, a renovable disk, a CO-ROM or any other form of storage
medi um known in the art. An exenplary storage nmediumis coupled to

t he procesdde lSpEHttingaApPaRES of eleds sovhasein theagerdermmeentsiton from and
wite information to, the storage nedium In the alternative, the
st orage I may ;he_integral to. processor. The processor and
t he storg%gh}rfrgdi umMr;lay %s?\ge in gﬁ]ﬁ%éYC The ASIC may reside in a
user termnal. In the aI2 rnative, the processor and the storage
medi um may reside as di‘Strete coﬁi%’ﬁ%lﬁ%)s in a user termnal. [0088]
The previous description of the disclosed enbodinents is provided to
enabl e any personA@kTmllgaNiMlﬁH@’art to make or use the present
invention. Various nodifications to these enbodinents will be

readi ly apparent taq,tho flhed.d t, and the generic
principles defi ned%er e?\%1 Jr?rg{y %]Z ZI%I%%%[ ot her enbodi nents w t hout
.departing from the spirit or scope of the invention. Thus, the
present invention is noti-ndentiédotheridee, limted to the enbodi nents
shown herein but is to be accorded the w dest scope consistent with

the pri nci}gl e nd novel features disclosed herein. WHAT IS CLAI MED
I'S: 28 CIIRFME SPNOtES PeamETRet o g thah gy B¢ ansroibted o el skatgndhdy dgnotes the

plural it Yed2th @ﬁltﬁ@?mpgljtycopgtpoﬁa@{@g; a plurality of parity bits and to
generate an out put sequence that can be transmitted in nulti-slot

packets froma base station to a renote station in a wreless
communi caefining thestdax set axdryingsi pgralitysdnets 501S,,d% 0 ahd 5%, exierg t he
plurality of systematic bits and the plurality of parity bits into a

plurality of subpa . wher ei he pl ural i of systenmatic bits and
the plu éri{{gf‘”gfl @2&4&@Obgr‘téﬁ/ﬁ?eis"eﬁg@ﬁ%(ia*g&/&%h%ﬂF%lt}e‘dglarmng t he
plurality of subpackets; neans for reordering the plurality of
subpacketss=hasgd;anpan ¢ ndex set;

Sy = {round(i*(2N/Mz) | 0 <i < Mz}, Ss={i| 0 <i<2N} — Sy

sorting a plurality of elements of each of the sets S;, S», S3, Sy and Ss in an ascending

order; and

reordering the plurality of subpackets as follows:

U, Wo(S1), Wo(S2), Wo(S3), Wi(Sy), Wi(Ss) for rate sets 1, 2 and 4, and
U, Wo(S1), Wo(S2), Wy(S3) for rate sets 3 and 5.

6. The transmitting apparatus of claim 5, wherein parameters for M,, M, and M; are

stored in a look-up table.

7. The transmitting apparatus of Claim 1, wherein the grouping and the interleaving

occurs by:

grouping the reordered plurality of subpackets into segments of length Af each; and



means for grouping the plurality of subpackets into a plurality of
segnents and for interleaving each of the segnents formng a
plurality of matrices having a plurality of elenents; nmeans for
nodul ating the plurality of elenents of the plurality of matrices;
and neans for truncating the nodul ated el enents of each matrix of
the plurality of matrices, wherein the output sequence conprises
truncated nodul ating el ements from each matrix of the plurality of
mat ri ces. pepforming matey ieriqaying oaspelr efithesagmentsai m 1, wherein the
dernul ti pl exi ng occurs by storing the systematic bits and the parity

bits int | .i f _rectangul ar_arrays of . R rows, and col ums
f or mi ng ?.ﬁh?ﬁdﬁ%}%&% %P 8¢ usL(l?c%m%Zt%ﬁecﬁelf‘ﬁbetffw%l%}b% MG RG e ¢ hi r d
i nput bl aakduldihg nadeas & 15-QAa1.fi rst i nput bl ock U conprises the
systematic bits, the second input block W is formrsld b%' i
concatenating a first set of the parity bits, and the third input

bl ock W - {1&€ tippymigeppaie af elaim i iyhdseis ghegrncating means ferthes epmprises

bi ts. 3. s (aBRIAL IRGARRRRALKR AL © @i m 2, wherein the

systematic bits and the parity Bits are witten into the plurality
of arrays of the input blocks U W, and W by rows, and wherein the
bits are If} Abevarstratting appdratosof digint hpviremin pardmetess fpi the étickiserard abiedt o
right. 4, 1h tra Ism'tti ng apparatus of claim1, wherein the index
set is soff %D?ﬁ"i’fi’tgﬁeascendi ng order. 29 5. The transnitting
apparatus of claim1, wherein the reordering occurs by: defining M

= M N i f MtNAZMthd @k hREas R it o6 yhem M bits Ahd a MRl ty Bits | f
M + M 2N M + M 2N otahegﬁ%%?ltyher%%%eﬁot ég t?l nah 8rp%¢y§€\éts

t hat nay 3@ ferrgsperaiing svoytputsaeuestathataan batrdemutted inthelti-dl@mpgtietoforn he

pluralit I ' I nng. ' . having .a plurality

o 'set s 4 BMRAGSHESe R M RIS LoRRhiaRb SR iRy Bro 21 Y

M }, S2 ={round(i*(2NM) 10 <i <M } - SI, S3={il0<t<2N}-SI-S2,
demultiplexing the plurality of systematic bits and the plurality of parity bits into a

plurality of subpackets, wherein the plurality of systematic bits and the plurality of parity

bits are sequentially distributed among the plurality of subpackets;
reordering the plurality of subpackets based on an index set;

grouping the plurality of subpackets into a plurality of segments and interleaving each of

the segments forming a plurality of matrices having a plurality of elements;
modulating the plurality of elements of the plurality of matrices; and

truncating the modulated elements of each matrix of the plurality of matrices, wherein the
output sequence comprises truncated modulating elements from each matrix of the

plurality of matrices.

12. The method of claim 11, wherein the demultiplexing occurs by storing the systematic
bits and the parity bits into a plurality of rectangular arrays of R rows and C columns
forming a first input block U, a second input block W, and a third input block Wy,
wherein the input block U comprises the systematic bits, the second input block Wy, is
formed by concatenating a first set of the parity bits, and the third input block W is

formed by concatenating a second set of the parity bits.



S4={round(i *(2N1MB) 10<i <MB), S5 ={i 10<i <2N}-S4; sorting a plurality of
el ements of each of the sets SI, S2, S3, S4 and S5 in an ascendi ng
order; and reordering the plurality of subpackets as follows: U,
W(S1l), W(S2), W(S3), W(54), W(S5) for rate sets 1, 2 and 4, and
U W(SI), W(S2), W(S3) for rate set3d 3 and 5. 6. The transmtting
apparatus of claimb5, wherein paraneters for M, M, and M3 are

stored in a,_look-up table. 7. The transmtting apﬁaratus.of Claiml,
wher ei n t e T8¢ BEHIcAGT slsdm d Revhereiathewsiemgtic Biscandgheparity biss preyittene
reordere | i g che . and
30 porf o P T, bk, R by e Mg e

t ransm t thivgrappeadstargnofrom|the top towahé aripteceth fonddfitatiglin schene for
the nodulating nmeans is 16-QAM 9. The transnitting apparatus of
claim1l, ein.the .truncating .means further conprises . neans for
repeatingﬂﬁﬁéeﬂﬁﬁﬁpé¥F%§n @W@%?E.‘ﬁ@qmﬁﬁ mﬁPﬁﬁﬁWﬁWf?ﬁﬁdgﬁﬁE&%tus of
claim1, wherein paraneters for the index set are stored in a

| ook- up tiabirge mdthod Hf BRINQY, Wikeih meeﬂ'el)r_%@i\lﬁ%&cﬁrsmyw ality of _
systematic bits and a plurality of parity bits and for generating an
out put sequence that can be transmtted in nulti-slot packets froma
base st atdefpingo a Wérot d/sthation i4x M rel ess conmmuni cation system
conprising: dermultiplexing the plurality of systematic bits and the
plurality of parity bit@MANo a planabkdty of subpackets, wherein the
plurality of systematic bits and the plurality of parity bits are
sequential l'y distriMput egh@vppg+taag plurality of subpackets;
reordering the plurality of subpackets based on an index set;
grouping the plurality of subpackets into a plurality of segments and
i nterl eaving each &6~ t Wé sEgrmdMt § Mior MdmgNa plurality of matrices
having a plurality of elenents; nodulating the plurality of elenents
of the plurality of matnjces;, d truncating the nodul ated el enents
of each matrix of the p(\}tlirJra&i‘_t%{)o?’thﬁ'é“f’fel’ces, wherein the

where M denotes the number of bits that may be transmitted in one slot and N denotes the

length of the plurality of subpackets;

defining the index set as having a plurality of sets Sy, S5, Ss, Ss and Ss, where:
St = {round(@*(2N/IM) | 0 <i < My}, S, = {round(i*(2NIMs) | 0 <i< M} - S,
S3={i|0<i<2N}—S,—S,,

S4= {round(i*2N/IM3) | 0 <i< M3}, Ss={i| 0 <i<2N} —Sy;

sorting a plurality of elements of each of the sets S, S, S5, Ss and S5 in an ascending

order; and
reordering the plurality of subpackets as follows:
U, Wo(S1), Wo(S2), Wo(S3), Wi(S4), Wi(Ss) for rate sets 1, 2 and 4, and

U, Wo(S1), Wo(S2), Wy(S3) for rate sets 3 and 5.



out put sequence conprises truncated nodul ating el enments from each
matrix of the plurality of matrices. 12. The nethod of claim11,
wherein the demultiplexing occurs by storing the systematic bits and
the parity bits into a plurality of rectangular arrays of R rows and
Ccolums formng a first input block2U, a second input block WO
and a third input block W, wherein the input block U conprises the
systematic bits, the second input block WO is forned by

concat enakt ke method of clgm 15 whdein paremeiersior 841, Mndardnles arhistoded inpueok-
block W js.pkornmed by concatenating a second set of the parity bits.
31 13. e nethod of claim 12, wherein the systematic bits and the
parity bits are witten into the plurality of arrays of the input

bl ocks U,17V@he mptiol\bf D¥aimoWsSwhasid thbigioapiig bi@the bhtbSead iy debag ®¢:
starting fromthe top row and are placed fromleft to right. 14. The
met hod of claim 11, wherein the index set is sorted in an ascendi ng
order. 15. THEOUREETBE reordessdplpsality of ghnaskets infesegespgeaf iangthoeaets by:
definingNj = MNifM>N 2MN otherwise M = mn(2N, M + Al), M=
M+M2NifM+M>2N M2 + M 2N ot herwi se, where Mlenotes the nunmber of
bits that may be transmtted in one slot and N denotes the |ength of
t he pl urality peffosibpacket mteridefingomgachiod tHersdgnerset as having a
plurality of sets Si, S2, S3, S4 and S5, where: S, =
{round(i*(2NIM ) 10 <.i. <M}, S2= {round(i*(2NM2) 10 < i < M} -Si,
S3={i 10<i1%2ﬂ}e- fgft-h%g of egim Madﬂﬁ(fim Ehfrmwga&'@sisme,f)%@f moflgkiting 8Ep &34
sorting gepbAkel ity of elements of each of the sets S, S2, S3, 4
and S5 in an ascending order; and reordering the plurality of
subpackets as follows: U W(S1l), W(S2), W(S3), W(S4), WL (S5 for
rate set 991Theomethad af claindl 1, hevad( Sk runvingIyrthend¢18Biisek oepentitgethset s 3
and 5.

modulating elements.
20. The method of claim 11, wherein parameters for the index set are stored in a look-up

table.

21. The method of claim 11, wherein the truncating is performed in accordance with a

desired code symbol rate.

22. A method for interleaving a plurality of systematic bits and a plurality of parity bits
and for generating an output sequence that can be transmitted in multi-slot packets from a

base station to a remote station in a wireless communication system, comprising:

demultiplexing the plurality of systematic bits and the plurality of parity bits into
a plurality of subpackets, wherein the plurality of systematic bits and the plurality of
parity bits are sequentially distributed among the plurality of subpackets;

reordering the plurality of subpackets based on an index set;

grouping the plurality of subpackets into a plurality of segments and interleaving

each of the segments forming a plurality of matrices having a plurality of elements;



32 16. The nethod of claim 15, wherein paranmeters for M, M, and M3
are stored in a | ook- up table. 17. The method of Claim 11, wherein
the grouping and the interleaving occurs by: grouping the reordered
plurality of subpackets into segnents of |ength Meach; and
performng matrix interleaving on each3of the segments. 18. The
met hod of claim 11, wherein the nodul ati on schene for the nodul ating
step is 16-QAM 19. The nethod of claim 11, wherein the truncating
further conpritgesatnggbacliemgnis héeachwundiaof thg peiraitenf watriz€s, wheimiat hod

ook- up ot SOt REE SETRE gt Y e S Rl TR bRETiReal i Rg i

per f or mednatricacarar dance with a desired code symbol rate. 22. A
nmethod for interleaving a plurality of systematic bits and a ]
plurality of parjty bits and for generating an output sequence that
can be transmnﬂ‘{dé’i)““inﬁﬂiﬁﬂl?m@rg$ ot thp Rk of PEFres. base station to a
renote station in a wreless comruni cati on system conpri sing:

derul ti plgxi i . t. tic. hi . % Lity of
pari ty bies T erenBdBEHER o ke MR dbis Wit A b tRaRB PR £ ¥, ot
systematic bits and the plurality of parity bits are sequentially

di st ri butddAarmsyittipeapphbtacal foit yitedleadnbp plukis of syeemdes biﬂ@;]ﬁdf’ae;fluralitly_ t
lurality_.of .subpackets based on an index set; grouping the plurality
D s abpa ke e Bt Al Ty et Sy Sioe e pglsith o

the segnpaticets @omiabdsedstl daltdhirdio®ktallBh il £95elBR\oRGnidkibh &stdny, Of
el ements; 33 truncating the elenents of each matrix of the plurality

of matri CBFPrigiAGrei n the output sequence conprises truncat ed el ements
fromeach matrix of the plurality of matrices; and nodul ating the

el ements of t rality. pf. matri.ce . .The. hod ,of .cl ai m22,
wherein the i Er%g% féé? érlmtémg%ﬂngghel pu ﬁtyaﬁgﬁgpﬁt&rﬁisc@a the pltirafiy s
parity bits into a plurality of subpackets, wherein the plurality of systematic bits and the

plurality of parity bits are sequentially distributed among the plurality of subpackets;
means for reordering the plurality of subpackets;

means for forming a plurality of matrices from the reordered plurality of

subpackets, wherein the forming means is based on an index set;

means for permuting the plurality of matrices forming a juxtaposed matrix having

a plurality of segments, a plurality of columns, and a plurality of elements;
means for interleaving the plurality of columns;
means for modulating the plurality of elements in the plurality of segments; and

means for truncating the modulated elements in the plurality of segments of the
Juxtaposed matrix, wherein the output sequence comprises truncated modulating elements

from the plurality of segments of the juxtaposed matrix.

25. The transmitting apparatus of claim 24, wherein the demultiplexing occurs by storing
the systematic bits and the parity bits into a plurality of rectangular arrays of R rows and
C columns forming a first input block U, a second input block W, and a third input block

Wi, wherein the first input block U comprises the systematic bits, the second input block



24. A transmtting apparatus for interleaving a plurality of
systematic bits and a plurality of parity bits and to generate an
out put sequence that can be transmtted in nmulti-slot packets froma
base station to a renpte station in a wireless comruni cati on system
conprising: nmeans for denultiplexing ghe plurality of systematic bits
and the plurality of parity bits into a plurality of subpackets,
wherein the plurality of systematic bits and the plurality of parity
bits are Wegdemedddy spndatenatinpatiest setndrilae paniey piksypizd the yhiot inpuiipedkk®i &;
means for rderin lurality .of su kets; means for formng a
pl urali tyf()IE:??e(21 g tcgoingag%&a%r%%%sgﬁﬁ)gdrs’éetc?rfg%erpea&%gﬁ%r ality of subpackets,
wherein the form ng neans is based on an index set; neans for

per mut i n@6t Nee PAnskiding Ypsrat 0RO dF8S24, WhBietha systorh AR VS dndrBie Pty bits
having a pluraljty of segnents, a plurality of colums, and a

pl ural i t ProvgpnimEhthe ;Pl%lgmf pis2ysioh therins piasks Vn®opangr Wi by yoves and

col ums; : i : L i

ol ural £y operE e ARy s o (' B bt rE bRRET B i e
elenents in the plurality of segnents of the juxtaposed matriXx,

wher ei n tAeTlutrgmsmitsieg apracaucoaivaimsHs wheneinctht edexpeid sdrieddn &1 enent s
fromthe ?l u(rialit%/ of segnents of the juxtaposed matrix. 25. The
transnitt (ﬁ‘B 1&56’5 “tus of claim24, wherein the denul ti pl exi ng occurs
by storing the systematic bits and the parity bits into a plurality
of rectangutiy trakh@vifg BfpaRtli VNI ARDS, Fh&RInUAR Rl RERL RO by:r st i nput
bl ock U, a second input block WO, and a third input block =W,
wherein the first input block U conprises the systematic bits, the
'second i nput lBhdetousd shifimgjdowhnaardeehch plemeniciateestatalumgn af ¢ach $tockpandof
the parity bits, and the third input block W is formed by
concatenating_a. second set th ari. bi 6. The transm tting
appar at us of Ewgﬁmgzp,eo\%ﬁeépﬂhﬁ CPE‘EP%%@MFE’I%ES and the parity
bits are witten into the plurality of arrays of the input blocks U,
WO, and ¥, fne tFeﬁh‘é@ittiﬁ?ébpaWﬁ%rcﬁ‘clhiﬁl@%, WhirSindligiPRIBE idpRbidcRY, kfeom
the top row and are aced fromleft to right. 27. The transmtting
appar at uslegrents|imiheiga colparass eyclipalyi shifted byan ampugiol med B)nwhere R

oen G MGeRiclahe ndffher b Sk ANRIId:lah AaPRADL Bttt the Sl BodR, Wher et n

the reordering occurs

30. The transmitting apparatus of claim 28, wherein within the input blocks Wq and Wi,
the elements in the i-th column are cyclically shifted by an amount (floor(i/D)mod R),
where D is a predetermined parameter based on a rate set and R denotes the number of

rows of the rectangular arrays forming the input blocks.
31. The transmitting apparatus of claim 24, wherein the forming occurs by:
defining the index set as having a plurality of sets Si, S5, S3, Sy and Ss, where:
St = {floor(C/My) + round(i*(2C/IM)) | 0 <i < M},
Sz = {floor(CIMy) + round(i*(2C/IM,) | 0 <i < My} — Sy,
S3={i|0<i<2C}-8,-8,,
Sa = {floor(C/M3) + round(i* 2C/M5) | 0 <i < M3}, and

Ss={i|0<i<2C}—Sy,



end-around shifting dowmward each el enent in each colum of each

bl ock; and swi tching the order of the colums w thin each bl ock. 29.
The transm tting apparatus of claim 28, wherein within the first
input block U, the elenments in the i-th colum are cyclically
shifted by an amount (i nod R), where3R denotes the nunber of rows
of the rectangular arrays formng the input blocks. 30. The
transmtting apparatus of claim28, wherein within the input bl ocks
WO and Whwiherein paragleteneih s andtMearie—Sdeviﬁ@I inaockrep @Yleland &1 depohitfet ed

Bgsgg ggua r a§ ];tl%ogrn(ms/ g)t%o%fén %r atrﬁlgs ﬁoﬁ%tg% E@\(I@E g1f nteﬂepar ameter

rectangul ar arrays formng the input blocks. 31. The transmtting

appar at us2o0Thelaismiidg apheeitas of g 10 Wiereh m@géﬁrﬁmlagocc@%y :ning the
index set as having a plurality of sets Si, S3 S4 and S5, where:

{floor(CIML) + round(i*(2C/ M) 10:5i < M ), = {floor(C M)
+ round(| * ( 2Clanphgingthe columngp!the plgiplity ofBeagrices as <2C} s| -S2, S4 = {
floor(CGM3) + round(i * (2CM3) O < i < M31, and Sb= {|10<|<ZC} $4,

and C denot oo TSt wsbrd o XEBF Sk 3‘&‘?@26?;2{ angul ar L??Syﬁp e

formngtheln ut. bIock 2. . Thetr ttln apg‘%at s_of cl |m24
wherein t%h ﬂ"?g [2058 g‘ sﬁém? I - &5 Ls

pl ural i t YOUfMatReE \M(@% $52), W(S3), W (S4), W(SS),
and dividing the juxtaposed matrix into a plurality of segnents

i ncluding LI, fLZ, @M&nd{m&sefcof’unns where LI, L2, L3 and L4 are
defined as: Li = 2MR if rate set = 3 MR otherwise L2=L3=MR L4 =
remai ni ng col ums, MiRer etZkbiemot es the nunber of code synbols that may
be transmitted in one slot, and R denotes the nunber of rows of the
rectangul ar atsays=fMafRm ng the input bl ocks.

L4 = remaining columns,

where M denotes the number of code symbols that may be transmitted in one slot, and R
denotes the number of rows of the rectangular arrays forming the input blocks.
33. The transmitting apparatus of claim 32, wherein parameters for M,, M>, and M; are

stored in a look-up table.

34. The transmitting apparatus of claim 32, wherein the juxtaposed matrix has 4 rows, 4C
or 6C columns, and K levels, where C denotes the number of columns of the rectangular
arrays forming the input blocks and K denotes the level of interleaving for the juxtaposed

matrix.
35. The transmitting apparatus of claim 32, wherein the interleaving occurs by:

shifting the i-th column to the n(7)-th column in each of the &-th segments (k = 1,
2, 3), where

(i) = 79imodLy, 0 <i < L and
reading the elements in each of the segments with row index incrementing first, followed
by column index.

36. The transmitting apparatus of claim 24, wherein the modulation scheme for the

modulating means is 16-QAM.



33. The transmitting apparatus of claim 32, wherein paraneters for
M, M, and M3 are stored in a |look-up table. 34. The transmtting
apparatus of claim 32, wherein the juxtaposed matrix has 4 rows, 4C
or 6C colums, and K | evels, where C denotes the nunber of columms of
the rectangular arrays formng the ipgput bl ocks and K denotes the

| evel of interleaving for the juxtaposed matrix. 35. The
transmtting apparatus of claim32, wherein the interleaving occurs
by: shif t3l7n3h<t Wansmitting eppasans olocleie24; pihpreiththe muumng megas:furfdlfsr tL he
k-th se = c(i). = 79i nodLk, < i < Lac;
and reagirgr?ljgltpt§1 éesl&ré‘?aél%rgoﬁtrépﬁaﬁ)l%gl\gﬁ% laglﬁée?seéngerrlrteshts wi th row i ndex
incrementing first, followed by colum index. 36. The transmtting
appar at us8oThelr@ismitZidg appredtas of dbigr IO Abbid RRarb&be T8 thendeR et are

nodul at i ng means is 16-0QAM 36 37. The transmitting apparatus of
claim243 %%’EW&IHOIE'HN% Q%ncating neans further conprises means for
repeating the nodul ating el enments. 38. The transmitting apparatus of
cl aim 24, ' f . [ : - Ty
ook- up Labre 48 PRIATR LR s Yo A R s B pRLARF e bl o
syst emat iagd ks ganembraneoytpuiseduenge thht qaabe trandmitted inan?ltitsrluotg:ecgmmﬂrc];&n an
out put s ence that can transmitted in mul.ti-slot packets from a
basg st at(:’ab ?%nsq%qgnég F A atg Sgs21 o8 i ™VITRess Sarpandsation. Wﬁicg HP§Mesyst em
conprising: denultiplexing the plurality of systematic bits and the
plurality of pahitkipleRidgthé plutalitRodybtemiatié MitindSHPPALIE] 86 paBEkifl iRot he
plurality of systematic bits and the plurality of parity bits are
sequent i 2IPIYraliy of pilpacleds. asredn theelusaliy af sysipmstic bubmdaepbl,raht¥ of
reorderi : ik : el i: ral.ity o

mat ri cestgrrl%%%ts ﬁ}eégegé)érntt glrlggw%%%g%@&}gg}e Ig%%]ﬁggfggkg{agk%er ein the
formng is done is based on an index set; pernmuting the plurality of
mat ri ces f or mrevgdeajngXiteaploséicy sfsubpackéigvi ng a plurality of segments,
a plurality of colums, and a plurality of el enents;

forming a plurality of matrices from the reordered plurality of subpackets,

wherein the forming is done is based on an index set;

permuting the plurality of matrices forming a juxtaposed matrix having a plurality

of segments, a plurality of columns, and a plurality of elements;
interleaving the plurality of columns;
modulating the plurality of elements in the plurality of segments; and

truncating the modulated elements in the plurality of segments of the juxtaposed
matrix, wherein the output sequence comprises truncated modulating elements from the

plurality of segments of the juxtaposed matrix.

40. The method of claim 39, wherein the demultiplexing occurs by storing the systematic
bits and the parity bits into a plurality of rectangular arrays of R rows and C columns
forming a first input block U, a second input block Wy, and a third input block W,
wherein the first input block U comprises the systematic bits, the second input block W,
is formed by concatenating a first set of the parity bits, and the third input block W is

formed by concatenating a second set of the parity bits.



interleaving the plurality of colums; nodulating the plurality of
elenments in the plurality of segnents; and truncating the nodul at ed
elenments in the plurality of segnents of the juxtaposed matri X,
wher ei n t héV@at%pi442equence conpri ses truncated nodul at iPGEg/Uskeie1THES
fromthe plurality of segnents of the '.{thaposed matri x. 40. The
met hod of claim 39, wherein the denultiplexing occurs by storing the

systemati ¢ 4bimths nikbd dFR14Ar30 Mhé}bfh&hd é}rht@nﬁu@bﬁﬁa%hltﬁé/pa?ifty Bl%ca{r@%ﬁle@r
arrays of Rrows and C columms formng a first input block U,

second i npuinte @ity obpays of Fherlﬂpqt Riogks B WelanddV: byyews cand Whﬁ@llﬂ thest

i nput bl ock put bl ock
wo i's formit B %E%fﬁ%%%?ﬁﬁ%“ﬁ%ﬁ’?%?“?é%%%a"wﬁgﬁgif?fbﬁwﬁ. s, and

the third in bl oc rredb oncat enatj.ng a second set of
t he pari ty tﬁ" 6}31112@22% Q%@‘GSFE)‘E? %?a%f“‘%‘?ﬁérdﬁét hod

of claim 39, V\/nereln the systematic blts and the parity bits are
witten inéd Thaengadradiclaing 40f whereiayle rebrdetiveg ocomustbybl ocks U, WO, and
WL by rows, and wherein the bits are placed starting fromthe top

row and are pl acg@ fEHa slhffflﬁ% 48V B0 bachbemehP ABE &Qﬁhlﬁ’f)f Qcﬁ'b[?cﬁ;gand

wherein the index set is sor In an ascendi ng order.
nmet hod of claim 40, wherein the reordering occurs by: end-around

shifting downwargvieanly ted @dends thacchasks witliveathefockach bl ock; and
switching the order of the colums wthin each bl ock. 44. The nethod

of claim43, wherein within the first input block U the elenents in
the i-th cétdim Ira’tlwdcafclaim&[il\yhaﬁh fwtithih thy fieshinpnohloek T) thmakdm&)ts imther e

R denotes t f,.the rect ul r i ng the
pat bl ocike Ak e hiR AR SRS AD KR R Htes
bl ocks W aofdtoW pf thheccedngnianfisays fdrnditiethe idpht Blotkstm are cyclical ly

shifted by an amount (floor(i/D)nmod R), where Dis a predeterm ned

par anmet er based on a given rate set and R denotes the nunber of rows
of the rectadgemgthodof alpim f3,rwhengn witbini th@mpuddilmﬂck Vo ahg. WTH]IE alehéntd

of claim 39 I h IS def.i n| th et as
having a pl urpz(a%]et?‘%ﬁfﬁn sag? é}%@?&lﬂg&%@ %ou%t (ggor( &R ). g Sig é 152
floor(CM )predat@mmw(ilph(aﬁ{bfﬁdr)aased(bﬁ al gn@nl\/hte kst and R denotes the number of rows of

the rectangular arrays forming the input blocks.
46. The method of claim 39, wherein the forming occurs by:

defining the index set as having a plurality of sets Sy, Sa, S3, S5 and S5, where:
S1 = {floor(CIM1) + round(i*(2C/M1) | 0 < i< M},
S2 = {floor(CIM>) + round(i*(2CIM2) | 0 < i < My} — Sy,
S3={i]0<i<2C}-81-5,,
S = {floor(CIM5) + round(i*(2C/M3) | 0 < i < Mz}, and
Ss={i|0<i<2C} -S4,

wherein parameters M}, M, and M; are specified in a look-up table and C denotes the

number of columns of the rectangular arrays forming the input blocks.

47. The method of claim 39, wherein the permuting occurs by:



S2 ={ floor(CGW) + round(i*(2C M) ~O:Si <M) - SI, S3 =1 1i
10:5 | <2C -St -S2, 4 = { floor(C/MB) + round(i*(2C/M3) 0 51 <
M31l, and S5={il O0O<i<2C}-S4, wherein paraneters M, M2 and M3 are
specified iWOaodkao2up table and C denotes the nunber elcTasskensins oo
the rectangul ar arrays form ng the inpult3 bl ocks. 47. The net hod of
claim 39, wherein the pernuting occurs §/: WO 2006/ 124428

PCT/ US2006/ 01799 I : plurality of
matrices as W v&@%ﬁ‘%@%%&%ﬁ@ﬂ%%ﬁ%g vidi ng the
juxtaposed matrix intg a plurality_ of segnents including LI, L2, L3
and L4 col umms, wher 8 YsSDeWoiSs), WS Hre: Hebshath as: L1 = 2M R i f
rate set =3 MR otherwse L2=L3=MR L4 = renuaining colums, where
M denot es the.nunher. of code synbol s.t hat be transmitted in e
o ot Cand RAEHB FEG RS SR AR 6P Sean ot S ris b aRGEH L Zae BpdE:
form ng thecohpus, villed€ks 1,43 and hearBeéed agf cl ai m 47, wherein
paraneters- for LI, L2, and L3 are stored in a | ook- up table. 49. The
nmet hod of claim47, wherein the juxtaposed matrix has 4 rows, 4C or
6C col ums, andLK=| e¥MIR, ifwtese =C denot es t he nunber of col ums of
the rectangular arrays formng the input blocks and K denotes the
| evel of interleaving for the juxtaposed matrix. 50. The nethod of
clai m 47, wherein theM/Rt e¢ti@#ideng occurs by: shifting the i-th
colum to the it(i)-th colum in each of the k-th segnents (k = 1,
2, 3), where It(i)_= 79 pgodLk, 0:5 i < Lk; and reading the el enents
é@ﬁéﬁrz"’%p

in each of the s th row index increnmenting first,

Ly = remaining columns,

where M denotes the number of code symbols that may be transmitted in one slot, and R

denotes the number of rows of the rectangular arrays forming the input blocks.

48. The method of claim 47, wherein parameters for L, L,, and L; are stored in a look-

up table.

49. The method of claim 47, wherein the juxtaposed matrix has 4 rows, 4C or 6C
columns, and X levels, where C denotes the number of columns of the rectangular
arrays forming the input blocks and K denotes the level of interleaving for the

juxtaposed matrix.
50. The method of claim 47, wherein the interleaving occurs by:

shifting the i-th column to the n(i)-th column in each of the k-th segments (k = 1,
2, 3), where

(i) = 79imodLy, 0 <i < I;; and
reading the elements in each of the segments with row index incrementing first,

followed by column index.

51. The method of claim 39, wherein the modulation scheme for the modulating is 16-
QAM.



foll owed by columm index. 51. The nethod of claim 39, wherein the
nodul ati on schenme for the nodulating is 16- QAWM 39 52. The net hod
of claim39, wherein the truncating further conprises repeating the
nodul ating el ements. 53. The nethod of claim 39, wherein paraneters
for the index set are stored in a |oold9up table. 54. The
transmtting apparatus of claim1l, wherein at |east one of the

dermul tiplexing means, reordering nmeans, grouping and interleaving
means, nodulT&E MFPAReA s RImBgwhereintbatrincgting i ecempriserspenting ther y

el ement apdy@aGRUiéRineg! ement coupled to the nenory el ement, wherein
the control elerment 1s configured to performthe functions of at

| east one of the above said nmeans, and wherein the control el enent

i ncl udes & Theasthodnd clairh 38, Whereinglarametpofoe thpriodessosre storell igiatladk-up

si gnal progessor (DSP), an application specific integrated circuit
(ASTC), a"freld programmabl e gate array (FPGA), a discrete gate or
transistor logic, a mcroprocessor, a controller, and a state

machi ne. $5Thd RensddiAMgEbbArhidd oPORR BlirGh aClbakk Bhds th%&ﬁﬁ'tigle%g' east
one of the reordering neans, form ng neans, pernuting neans,

i nt er | eavPeRGSEAHSIingivdIsagionRingreath nferigaving meaesatmiodylatingemsnscandr i ses
a nmenory r r

ol emont | GnErem RS BB o Rl B bRt I SEIREY 1 e

f unct i onsmghorxteldngzas twheogie thefcontrel ddmane isshfigured tisperfond théinetidghstoh et
control elepent Jncludes .gt | east one of a general purpgse
processo(r?l‘,3as O YithRfOYE 5 Imeﬁ%(?g%g’g?re(’ﬁg?’??“q@ elﬁ‘ﬁlﬁmﬂe‘éﬁigﬁﬁt 3¥anei ¢
| nt egr at ed aGiehrbll purfAShtdcessdr, fal debithl BipRA HasteRbl UBL & Apligdidn BN @
discrete gate or . transistor logic, a mcroprocessor, a controller,
and a st dteesstsdrsirqeit (ASIC), a field programmable gate array (FPGA), a discrete gate or

transistor logic, a microprocessor, a controller, and a state machine.

55. The transmitting apparatus of claim 24, wherein at least one of the reordering means,
forming means, permuting means, interleaving means, modulating means, and truncating
means comprises a memory element and a control element coupled to the memory
element, wherein the control element is configured to perform the functions of at least
one of the above said means, and wherein the control element includes at least one of a
general purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA), a discrete gate or

transistor logic, a microprocessor, a controller, and a state machine.



