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The present invention relates generally to the field
of communi cations, and nore particularly to a nethod,
apparatus, and systemfor efficient user-nultiplexing
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that require low latency in transmission of information. Moreover, packet
transmission latency is expected to increase as the number of users in the
system continues to grow. Thus, to improve system capacity (e.g., based on
system throughput or number of users that simultaneously use the system,
etc.), transmission latency should be kept low or small.

- [1005] In systems which employ ARQ scheme, there is a non-negligible
additional delay associated with each transmission acknowledgment. In

particular, it may take up to several packet transmission times before an
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[1007] According to one aspect of the invention, in a multiple access
communication system employing a retransmission mechanism and having
multiple channels available for use by a first group of users for transmission of
information, a method is provided in which the first group of users is divided into
multiple sub-groups of users. A number of channels to be assigned to each
user in each sub-group is determined based, at least in part, on the number of
sub-groups and the number of multiple channels available. The number of
channels determined is assigned to each user in each sub-group for

transmission of information. Transmission intervals are alternated among the
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multiple communication channels for transmission of information. The multiple
users in the first group are divided into multiple sub-groups of users. Each user
is assigned a distinct subset of the multiple communication channels based, at
least in part, on the number of the communication channels available and the
number of sub-groups of users. Transmission intervals are rotated among the
multiple sub-groups of users in the first group, in which only one of the sub-

groups of users in the first group is allowed to transmit information during any
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acknowledgement of a previous transmission by the particular user.
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DETAILED DESCRIPTION

[1020] In the following detailed description numerous specific details are set
forth. However, it is understood that various embodiments of the invention may
be practiced without these specific details. It should be appreciated and
understood by one skilled in the art that the various embodiments of the
invention described below are exemplary and are intended to be illustrative of
the invention rather than limiting.

[1021] As described herein, according to one embodiment of the invention, a
method is provided to allow efficient user-multiplexing in a multiple access
system which employs a retransmission mechanism such as the Automatic

Repeat/Retransmission (ARQ) scheme. In the examples that are provided
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30E-Gr O 7 WREh il hSEiSTbhReel 8 mUplg Hibioips A€ allowed to
tra@886iit FnfpumatiGn i swar dCuge%pnridlinngassiglherg aharem&ispkjari;xg any
nul tiple acc ss t em Sg_ﬁ)d g%g]ance Wlft on itiol
LRpSETSRON 1BeYdle '\‘/%n‘i“P SA?” MHQHESE; %’ur‘@e&m“ iplexing
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310 available for transm ssion of information by
grtbogonal mulliple 9caEs. andh charnalizption teghniques that mclude but are

not limited to, TDMA, FDMA, CDMA, and OFDMA, etc.

[1023] Figure 3 is a diagram illustrating an exemplary multiple access
system 300 in accordance with one embodiment of the invention. As shown in
Figure 3, the multiple access system 300 has a set of N channels 310 available
for transmission of information by a group of K users 320. In one embodiment,
the group of K users represents the number of users that are currently served or
supported by the system and the set of N channels represent the number of
available orthogonal channels that are used for transmission of information.

Depending upon the multiple access and channelization techniques employed



the group of K users represents the nunber of users
that are currently served or supported by the system

waea4bdseset of N channel s represent the nunmbePCD1S2004/012580

avai | abl e orthogonal channel s Sthat are used for
transm ssion of i.nformation. pendi ng upon the
mul ti pl e access and channel i zation techni ques enpl oyed

40 BROMPRIC ecEET Rehd 0. 15 alindte 1T R 4igsgaen can be

hannel's 310 and users 320
lﬁ@panﬁpdrcatchﬂemntlatehf oy timei @t@d iy DMAvschemg), frequémyw(e g.,

I ane SEBNEA RE0bFiedyoh Podsy Sy b aeogons) BBWFE’scheme)

@drneittibAaRY, | i, prict-dit hmmmétadaels&ls@ls%mcm S¥6f RMBssigned a
each user i's assigned a fixed nunber of channels

(fixed. number ﬂbﬁhwm 481, K RaeYEERPPIRG| chasaels) c Ml users can
06 S MAIRRRS Shnord RS TR, A et

i[M024pur h Tontrashvas sholefihi Figure Bsea ncmdltamdl eaffaugnt user-
technique is iJlustrated in which the grou

S'QBH'P@XH]QAGGBH'QUP% dlusiratad,inavhigh the SI'RHP OFK qqqrg 320 'S d'V'ded
SHRRILRjpld %ﬁbté}SUQé” RA%AR Qf%rhﬂglbu%rr e ?u”rr%ﬁggs of illustration and
[ enpl oys a

expl anat't on assuned t the sys
caxplaratiannat |$\Fagsunmahaismmgrsystém glrmlqysofa Kuakenannel ARQ

Jheehans. i, g, srad K aiere DB et Fiiged Tio"two sub-
@8&& némelysaq#bﬂs@s_gmﬂﬁeﬁbwﬂaﬁ@% §@@6r&9lsabf§ﬁoby 320(B). It

one in the art however’, he t eachi ngs

cﬁhoulda bprtumﬂstopd\am a@wesleéeda@mnq/slabw i &he art; daowever that

b REpERoR b Pre PR PTE Btk 2ERUE BbpREH e o tthé system

de@lflguﬁuﬂbﬁsfmd tlmrisaw which diffeeentan@dberd b0 3abgroups are
Cont I nui n present discussion, in one
c(ierﬁan sueagmup@&rsy&eragbayﬁecﬁ intenlages). of

T025¢ f:,% ir}{gnﬂpc\ﬂfl‘ﬂ"tﬁ %%éﬁf’mﬁih %%ﬁStn'dheo%Hbodirﬂant each

S aval
tuwnmssugned @& number oﬁnomvarlaippmg ehannbélsrbayed, at Ieast in part,

sub-gr s of ,users. In on each user
-ar i dthl wm@shﬁé@aﬂaelﬁé\{%%g'erfwtfana%ﬁ%'eg. Qfrinfgrmation and
'tH%Wér% s Q%fhgé fo|I '&Y%B&boﬁﬁfér o?aclMuser X assigned

wher e respon e nu channe
ad sihgimarellst to bausedsfer tranlsmcssmfeebmf@mat@m thasedtanl the following
gumelr of channel s available for transm ssion; K
F'Wé?ponds to the total nunber of users; and S
correqpenfgKI®) t he nunber of  sub-groups.

where M corresponds to the number of channels assigned to each user; N
corresponds to the total number of channels available for transmission; K
corresponds to the total number of users; and S corresponds to the number of
sub-groups.

[1026] Assuming that the group of K users is divided into two sub-groups
320(A) and 320(B) as shown in Figure 3, then each user will be assigned M
channels = N/(K/S) = N/(K/2) = 2N/K channels. For example, if N = 8, K = 8,
and S = 2, then each user will be assigned 2N/K = 2x8/8 = 2 channels.



[ 1026] Assuming that the group of K users is divided
into two sub-groups 320(A) and 320(B) as shown in

wob@unes083 t hen each user will be assigned M edEDS®HE012580

= N(K'S) = N(K?2) = 2N K chapnel s. For exanple, if N
=8, K=8, and S = 2, then each user will be
assigned 2N K = 2x8/ 8 = 2 channel s. WO 2004/ 098098

HIT2VE20Q6MsL Rbfhe sdné BaB/grols &l hiale tith-6@&Rapping %i.e., distinct)
Mrruggw |1 have non-overl apping (i.e., distinct)
el assigNPRAL nFloweNeR vBANNRIs ARAK bs raused betwasredifferent sub-

LuBen Fl o : ’ P
CoHBEREO) prERR sstmifl B ine Fih sEEHMRUE coMRfe R users U1,
32, WdcandiU4t the senooddsubugrogpalso edstainsdouausersiOsirue, U7, and

rs U6 and , and there are 8 channels
ﬁg ?’@J \ere #%??W%ﬂgﬁnaﬁ-asg ghieBnehansiel @gsignmeng for each
qs@r)c(wwnybe%sf@hbwgvs: aul) _ {nl, n2} Q(U2) =
{n3, n4 U3) = {n5, n6} C(W) = {n7, n8} C(U5)
{nl, Nge) n2} {n2, n8} C(U7) = {n3, n5} C(UB)
{n6, n7} [1028] In one enbodinent, the nultiple
sub-gr, Of susg(s alternate the transm ssion
interv('g(lw "%f*g r words, only K/'S users are all owed
to transmt information on their assigned channels at
any giG(&18)= fmd, nBpai n, assuming that there are two
sub-groups A and Bin this exanple, then the two
sub-gr A _and, B will alternate the transm ssion
interﬁ@j‘?ﬂaspg})nly users in sub-group A or users
in sub-group B are allowed to transmt information
duri ngC(@sy = fnnangyi ssion interval. In this exanple,
the inplication here is that each user now needs to
send the same_anpunt of information in a shorter
dur at iIdH6dF NR2n88} (e.g., half the tinme when there are
two sub-groups). However, this is possible and
strai ghtf,9ewagdnys) Nce each user is now assigned nore
channg{s ?e\.’@.:”ﬂm ce the nunber of channels that the
respective user woul d have been assigned in a
convef(U8h&l{n6ysTlen) for transmi ssion of information

T34 JBCohe BBR BT welillirle Sybaroles, Ruers allemate the

transmission intervals. In other words, only K/S users are allowed to transmit

information on their assigned channels at any given time. Again, assuming that
there are two sub-groups A and B in this example, then the two sub-groups A
and B will alternate the transmission intervals. Thus, only users in sub-group A
or users in sub-group B are allowed to transmit information during any
transmission interval. In this example, the implication here is that each user
now needs to send the same amount of information in a shorter duration of time
(e.g., half the time when there are two sub-groups). However, this is possible
and straightforward since each user is now assigned more channels (e.g., twice
the number of channels that the respective user would have been assigned in a
conventional system) for transmission of information during the transmission
intervals (also called time slots) assigned to the respective user. In one

embodiment, if certain users do not have enough link budgets to close the



enbodi nent, if certain users do not have enough |ink

budgets to cl ose the WO 2004/ 098098 PCT/ US2004/ 012580
wd.googosei cati on | ink, those users nmay not beP¢TUb20d€0l2580

in the user-multiplexing sch descri bed herein.

[1029] Referring again to Figure 3, the two sub-groups

of users A and Bwill alternate transm ssion
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vtbat dnitbe examplddiscuesked abovdat isi assuamedk thatfkois an even number.

t , divi 'bI K. |t d
AR Eissanitre WS ABodd bifb? e 1 Ve 'oh 55, 8% 5i8ed to sub-
tdralptAand &9 FerRARIrY K- rrﬂm@éﬁs émséld.a,g@negrtelsnbemdups Each
vari atl ons thereof can be enp in various

alﬂﬁzﬂrl can i theo &edassignesh 3N«Kﬂ6hn@1ﬁr§'elam tﬁimllam@@tﬂﬁeélons or
aa{ gattgﬁsﬁ*1 F\ﬁ@{ﬁlg{i@‘fﬁ%ﬁﬁ&ﬁ@ﬁ%? Q]fﬁf 'e% ivlr/ﬁ%r?N is not divisible

I'ng pac ans SSIO

ntw Ki pt showld dsenderstosiah ard apmbtmm: ey\mersl«ulw in the art that the
enbodi ment of the invention. Again, for purposes of

|¢QTIP§PFSat€FQS11 mthasisp dengtibesh, e sandovatAloNRatharRel can be
Hr?n ?héu% %g?mtﬁ)n escrl)ée%ndéiﬁ)lroﬁm‘&elm A éﬁé‘gcope of

oup 0 S as ove sgivrd
Hhtaq:résmtsmkergmups of users A and B. In this exarrpl e

oS Fibirad g Sagrare dluaiaiog apkeh LansaIssigRs i a multiple
04 Cess \WE e irf BEcdrdand! With dHePEMBbdins&Hitof thé ileRtiBh & Again, for
time-multi plexed. As shown in Figure 4, users in

spurpgses of Altmtretlanlanﬂeexplanamrantsm assurhed that the eymem in this

t heir ,assi ed c nels i i,rst half firs

arher ShBIRES o BN e AR abithk 1B, K yikbfsShs described
Ustsdve isnd|$|dbd9h@lﬂchsabfgr@upb§b€dsél% AtdrhBIM kn this example, only
i nformati on over their aSSIP channels in the second

_ heng qfothes dwengub9EpuRsd)is oAllowesh tej fransmibt information during any
Y ansrfisSion!ihtedl. BR otRE WOHRR! t1fe HFS 5ubSréups 8f users A and B are
time-multiplexed. As shown in Figure 4, users in sub-group A are allowed to
transmit information over their assigned channels in the first half (or first period)
of each time slot n, n+1, n+2, etc. whereas users in sub-group B are allowed to
transmit information over their assigned channels in the second half (or second
period) of each time slot n, n+1, n+2, etc. It can be seen that a user (e.g., a
transmitter) in sub-group A transmits information in the first half of each time slot
whereas a user (e.g., a transmitter) in sub-group B transmits information in the

second half of each time slot.



transmtter) in sub-group A transmts information in
the first half of each tine slot whereas a user

W@ 200g/098098 t ransm tter) in sub-group B transm t BCT/US2004/012580
information in the second haif of each tine slot. WO
2004/ 098098 PCT/ US2004/ 012580 11 [1031] In the system
configuration as described above in Figures 3 and 4,
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(10432 e a fipRythectesariptiop psevded ahovet it oan densearmthatein terms of

. r fficiency.on averag onpar ed
A5 R BEat e BB U AP i SRR of the
plasent inventioh &ambacliéve dttk 8hnleabe B6ihparalile  effiliIBHEY'BN average
+ retransm ssi on del a){) the proposed systemis

del

ggmg%;e(ﬂtp that ofx sapYentioprdusalchaneeli ARQ systarat However, in terms
1+SiS ror ect] il t be

o RECLTOR 10 ol FRBFTE S RREBh W Bpose

syidemi isisaperiore| legr exaniple| whin itifere is @nyaoket rAASMRSTIreiror, the

I [ - A In contrast, in a
e ket vl o BO Telsamizedmty RBe atJater (.., an additional
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[1033] Figure 5 shows a diagram of an exemplary simulation comparing the
latency statistics between a conventional system and a proposed system in
accordance with one embodiment of the invention. In this example, the unit of
latency is packets. Alternatively, time slots can also be used as unit of latency
for comparison purposes. As illustrated in Figure 5, the latency statistics of the
two systems are shown using CDFs (cumulative density functions). It should be

noted that the jagged (or staircase-like) appearance of the CDFs is from the fact



accordance wi th one enbodi nent of the invention. In
this exanple, the unit of latency is packets.

wa\kdoenssabs vel y, tine slots can al so be used asPCmniU$2004/012580
| atency for conparison purp S. As illustrated in
Figure 5 the latency statistics of the two systens
are shown using CDFs (cumul ative density functions).
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Rkt talgdioy S5y Stetat Bl insp 'S hiohy, 3PSt pEBRAAY 1Y, system
Ivgk,@r@gpa@ﬂp) transl ate directly into a higher syst em

capacity (e.g., system voice capacit }Q-! [10341] Fi gure
d163dws 'élgureaérsi]ﬂvtﬁ aiagrand of faoi’ﬂ | cheswiey argigament in a

éﬁgﬂ)lggleg%%{ésgf &sﬁéﬁeﬁa%gﬁ 'ﬁﬁ? % .Icﬁ'l%c 8@8&%@%&&” 8f ‘?he invention. The
Systaph n i éskamplbdwal oﬂh@gmﬁl&;hamaelsamalabw for transmission
transm ssion_ and a gro users, . as.shown

[ANgck 9P Of K UsSErs %&W@ ot Pioqks61é)sshm%ﬁ emmplec ffds assumed
W AR Qg%ﬁyénnglt ﬂé‘? dﬁ&%ﬂbﬂneﬁoﬁﬂﬁl AtAtbcggléik 6980if K fis Bven, the

I's even proceeds t ‘'ock ot herw se
trhethod tphock gaisctodrdolsk 630 thetwisd the Avethda proice689 to bloek 650. At

kS ghe roR ar k & el b SR iechinfo WG syysrous of users
d

R PR ik, Kpeh oot Az g el O ffuser i

taseigned U (I6R2) k 2NKkeckannelsii At blegk 6500 Wheo K ishodg, otbpgrmup of K

tRery i iyidef o8 ey oiokios A8 R ARy (RP1)2 users ana B
Havinged- 13/ Ukeds. hangedase, adadhl askr G6CGherd h@ssﬂ%ﬁétDQN/(Kﬂ)

t hen proceeds fromeither block 640 or bl ock

isheprelsyat blacknP@Rk Tarometihed them srcesdsHrem: eithes  block 640 or
6b{lcﬁckadié(? [J‘Bfo%qua' APBI%EE%?bOtﬁeUEQﬁQﬂE% AhEs dr8 alternately
group 1s allowed

wor ds one su
allocated to subgroups A and B. In other words, only one sub-group is allowed

to transmit information at any given time. For example, users in sub-group A
will transmit in slots 1, 3, 5, ..., and so one while users in sub-group B will
transmit in slots 2, 4, 6, ..., and so on.

[1035] Figure 7 illustrates a flow diagram of a method in accordance with
one embodiment of the invention. At block 710, a number of channels (e.g.,
orthogonal channels) available for transmission of information in a multiple
access system is determined. At block 720, a number of users in a group of



to transmt information at any given tinme. For

exanple, users in sub-group A wll transmt in slots
wad2003/098998 . . ., and so one while users in sub-grOUPSB04/012580

will transmt in slots 2, 4,48, ..., and so on.

[1035] Figure 7 illustrates a flow diagramof a nethod

|n accordance with one enbodi nent of the invention.
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[1036] It should be noted that, in various system application and

implementations according to the teachings of the present invention, not all
users in the system need to be multiplexed in the manner described above. In
various system configurations, certain users may not need to be multiplexed at
all. In this case, these users will continue to transmit information at all times
and do not need to pause. For example, assuming again that a system in
accordance with one embodiment of the invention has N channels available and

K users, not all users need to be multiplexed. In this scenario, some users



on. [1036] It should be noted that, in various system
application and inplenentations according to the

wo e@ahdsogs of the present invention, not all BSEUS20041012580
the systemneed to be multiplgxed in the manner
descri bed above. In various system configurations,
certain users may not need to be nmultiplexed at all.
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mmcoedaagigl the gwwfngsaigéhat naealt thb@ymltwlexm contains G = K - J

d th N
IRER o siipting dnAE o SR BH6Ys, e " 18850y of ©
hsefd! il e ddded NnfohaSnE®BBATDf Osuls§roupsstiat diftesponds to the
2004/ 098098 PCT/ US2004/ 012580 14 ée g., J users) wll

Hsimbes ofrialeriaeas (@ gt e SURHIreudx il ghis Gasrethed Bpetsdthat are not
QP&MS iNCHR' gﬁﬂ%& %éxm ggréﬁrzn‘?%%rgf cé‘r?s%éreﬁhisgﬁﬁgbet Sub-group.

be nu |plexe users
tAcrordinglys Yisérenarenipl facs $+C|hamlbegroﬁa@ oft isegsdgndhis seder@rio. A

T
| ncpﬁgﬁ%@ ¥he wlgﬁe@%%e@@ulﬂ gl’&ﬁfssoftth‘égrs é?sghbed above.

pl exi ng schéne "are consi
SkHEauaers sumegrf:‘ospb gr@upmvwill rayemate Her erotate) tums dottrahsmitting

Ep gﬁ@ﬁﬁgﬁ %E@wegrf a%@&rr\e;q]'g I§S H@ﬁg[}ﬁe gf Bﬁs oq?alﬁ?ﬁways transmit
Lb’i/%?&heuﬂh%sfgﬁ%ﬂ &‘fanrﬂéls?h%”ﬂl‘ﬁbse 16 e tHis suBRfdup ft Nasers will
S sub-groups of users as descri bedpabove e users

ineednte Esethe GrehanoehARQ 49 irepravedinkoutilizatian eyith taspect to their

i nformati on over their assigned
c%gﬁ@;aséﬂﬁhhpe ‘the J users can always transmt over
t(hes7] as¥hgvadoasaspetts. arldfeatures @f ahg lpeesentiivention have been
sub-group of J users will need to use the S-channel

ARactibed rARcy@ewith rﬂegafd te sRectis afmbadingeriact As disadeherein, the
7
?tegtlg Wnﬁlj@%ne&ém g ?orr] \?@ﬁtq{ﬁéi ﬂaveﬁﬁﬁ%hﬁeégggre iptended to

Ur aa Rt the pr Ba%h
aﬁmwﬁemreiedr aga‘rcnh exnlmpmiyflncludmfgomerremnt&snrulssra:ﬂatlons which

38@' tb%ﬁ‘? ’F%ﬁ?g ﬂgﬁr' %Siétﬁm n@@i Sb?%y'éeroémggé'iment that
{ |
'odrb‘n%l Hﬁ?f?ﬁ?ﬂﬁ?”ﬁ*‘c @éfgslshsﬁmh.ﬂeacﬂouswgthbae SRR Sand may

| ow t hose terns. Accordingly,
dndlyde enthereelaragntsr not hexpressiydlistedt or hithererdnte i thes claimed
a ssé .of ?I ements is not limted to only those
qf and may include other el enments not

gnngggpﬁls mﬂuleStr@ pPésdnilavéttiont Ras Nfeet] deb®rtbed with reference to
particular embodiments, it should be understood that the embodiments are
illustrative and that the scope of the invention is not limited to these
embodiments. Many variations, modifications, additions and improvements to
the embodiments described above are possible. It is contemplated that these
variations, modifications, additions and improvements fall within the scope of
the invention as detailed within the following claims.

[1039] WHAT IS CLAIMED IS:



[1038] While the present invention has been descri bed
wth reference to particular enbodi nents, it should
wheooungbepst ood that the enbodi nents are il | usp@EUS2084/012580

and that the scope of the inveggtion is not limted to

these enbodi nents. Many variations, nodifications,

additions and inprovements to the enbodiments

descri bed above are possi bk?_ AlS s cont enpl at ed t hat

these wvariations, nodificatrons, additions and

i mprovenents fall within the scope of the invention

as detailed within the follow ng clainms. [1039] WHAT

I's CLA vesthed fan dcmsmissions obCinfermatinn on25BOMUltiple  access
rmr%(ﬁmc%tlo# Eé}ﬂde m&@g%ﬁégﬁﬂ <3 on W;%Hh% én?”ar{d1 having

rmulhplescnamdmavml“dm fomausenby Iaafwshgroumbt usére foh&ansrlmssuon of
ilahle for use by a first group of users for

t'F&ﬁ%‘ﬁi'@@.’l & negthod CoRRASINGN, t he net hod conpri si ng:
di vi d'd\ﬂdfnﬁelpé'fl?étgreﬁﬁgpué’érs‘ﬁ@r rﬁult|BFé3$r,Tl}[’)BideLﬁJs f users;

sub- groups~o etermning a nu anne
t o be MSnngnmg a ezt ofsehaninelsetacbe aalgn@ddOpearmseser in each

Ieast t he, nunper of sub- s and
st ot el dire P o f SUSHRYRR Hind 8 number
mfm{|p|@fcr@ﬁﬂg@eé@,|ggberm ned to each user in each
sub- group for transm ssion of information; and

al t er resigning thensumber of channgly sletermined ta Rachuwser @ach sub-

Hg 8B Sn R oG o Yanomi ¢
i nfor rﬁil@nﬁﬁtu?”ttafﬂ@nﬂsmoﬁ r iateruals s aptongnties vialltipln dsub-groups  of
wherein an idle interval during which a particular

LHEEI's,i Wheprinfenlytong (Sl‘jpthﬁo%‘éb‘ﬁfﬂuﬁsr ghisers iinrajiomed i transmit
|ﬁfolr‘r7‘|§ﬂoﬁ‘%urlﬁgvﬁ'§/ tH}gsn%él%)ﬂgntfeWal Ak QR eéi‘ﬁGEe ﬁ“ﬁﬁ]rgal during

revious tran lon b articular user

membbd pHrtichlar m;ér intilee Grs’n grdwep duesbaot ransrhidimfeimsation is used as

assigned to.e n, each su roup i s determn

2 ARG PRI ar (OGO P 2 WTEVRKE e TaaRcby the
€M G esponds to the nunber of channel s assi gned

to each user in each sub-group; N corresponds to the

nunber of channels available for transmssion; K

%r e oenrorll%trt\é)d E)P it rTov?hereln %er{usm er ofh c%afn'n% sa Ir|g§)nu(=,lod to each
user in each sub-group is determined according to the following formula:

M = N/(K/S) = SN/K

where M corresponds to the number of channels assigned to each user
in each sub-group; N corresponds to the number of channels available for
transmission; K corresponds to the number of users in the first group; and S

corresponds to the number of sub-groups.

3. The method of claim 1 wherein the first group of users contains an even
number of users and wherein the multiple sub-groups comprise a first sub-group

and a second sub-group having an equal number of users.



corresponds to the nunber of sub-groups. 3. The nethod
of claim1l wherein the first group of users contains

w@noogwesn9s nunber of users and wherein the nul t P@I/ES2004/012580

sub-groups conprise a first syp-group and a second
sub-group having an equal nunber of users. WO
2004/ 098098 PCT/ US2004/ 012580 16 4. The net hod of
9 ai m'l'?he"m%fr%cf‘oftﬂﬁinf‘g'mﬁéreﬁfth@ rofeshel %%daé ned to each
each user 1n each sub-group Is determ ned accor g
tuser eeda suwgraupf isrdetérmingd acsprdiageto thezfuuawmgéoenwla:
corresgpol t unber of channel s assigned to each
user W—r}g@é{ﬁ 'uzgﬁlé{]oup N corresponds to the nunber
of chayb M onidspbhés t®the huaibeRiof thaRheldhsigned to each user
corresponds to the nunber of users in the first group.

50 epod gubigseuif Nerairaspondseteeithe tmenberr f chapoelsoavailable for

r

R N S T e

second sub-group, the first sub-group haV|ng a first
number of users, the second sub-group having a second

nunber of user s one less th first .
RanberT f@rm@wﬁo}m i whetaiBdn A GIPHP BT s Shniais an odd
2% B g@gﬁ@b\ﬁne?éﬁ'tﬁé‘%lﬁ;ﬂe%ﬁB%roHé@thfbn@é%hﬂrst sub-group

eterm ned according to the | ow n
famdnallsacond suh@@tﬂ@,ﬂheﬁiﬂﬁr@h@mmmas‘lrsbnwmber of users, the
nber, of channel s assi n each user

e
S5685¢ sl RAR RV eE 380D nb e Bl R Rownichf FRess than the
Jirst AurRbér dfUserd.r ansmi ssion; and K corresponds to the
nunber of users in the first group. 7. The method of
claim1 wherein users in each sub- group are assigned

n- o I nnel [
Ther o e P e JARNS ihorkin 8Ty Y hanfipl &Bsfoned to each
User g1 eagts sulSgraleisrdstemined a@bandingltc‘ uhletfbmnswmg formula:
conprisi gN determ ning whether to transmt a new
packetMO'f KK& hation or retransnit a previ ous packet
of inf t
or evi SISTR M RereaBBRs 68 e Aeroh CRARRER dssRingd"® each user
\ihegao subgreys;t Bnterresponus! ta dheé aumiserpef fobameels available for

ased .on an orthogonal
l%ransmlssmn; anJ k corresponds fc’o ﬁ1e number of users in the first group.

7. The method of claim 1 wherein users in each sub-group are assigned

non-overiapping channels.

8. The method of claim 7 wherein channels are reused among the multiple
sub-groups.
9. The method of claim 1 further comprising:

determining whether to transmit a new packet of information or retransmit
a previous packet of information, based on the acknowledgement of the

previous transmission.

10. The method of claim 1 wherein the system'’s channelization is performed

based on an orthogonal basis.



WD 2004/ 098098 PCT/ US2004/ 012580 17 11. The nethod of
claim 10 wherein the system's channelization is

w@eoofosseesl i n accordance with a Frequency D vi BEDIS2004/012580
Mil tiplex (FDM scheme. 12. fpe nethod of claim 10
wherein the systemis channelization is perfornmed in
accordance with a Code Division Miltiplex (CDVM
schene. 13. The nmethod of claim 10 wherein the
system s channelization is perforned in accordance
Vit h  drheOrmathgdn aif BI%Quéﬂcny[ﬁreinsitbﬁ Bystenps eghannelization is

PEOieR S BBl AR AT IR AS SVBlGR Myt R DM Eheme.

comuni cati on system operat es | n accordance with an
Automatic Repeat Request (ARQ protocol. 15. In a
d@mmuri f@atmethogysxfeﬁia@ﬁplwy.wigeram Abeosistes Rephamnelization is

SEFn 1 PR RELE IR Eolp R LI CIMTRCReme,

of users to transmt inforrratlon a nmet hod conpr|3| ng:

d|V|d| the first oup sers into multiple L .
8%psm%ﬂ‘°Gsé¥s ra"'ﬂet1 r WhETBH dhgushetemys ehampelization is

dérl*b‘?m@ﬁslng'% .&%’neec\w tHS&h Oﬁhsgﬂ‘a’ oh&?{t%@egg%vgsriérg?\nultiplex

first group east Inp
{ObFDMpsgeme.n the first group and a nunber of
channel s avail able for transm ssion of information by
the first group; assigning the nunber of channels

def. er MiHeekhetHbESCEais ¢ 'whdteRPthe retansisyith h{échaﬁlsm employed
first group for transm ssion of information;

Ayt dhe_amgunicationi system opeeates is aseerganpe wﬁhtarplléutomatlc

B KL S ARALBROR Uers in the Tirst group is
allowed to transmt information during any ) P

transm ssion interval, wherein an idle interval
d& i n dn véih .cemrauwsatlm @Nﬁtenm@nplpwnghén fﬁ\qtgma@'PoBBP@@iegequeSt

Rgﬁd&%ﬁo@vﬂ\% gnH e r\‘%tﬂu‘?ﬁblé %h'éﬁﬁgls AMabfd for rﬁ%eﬁ&h‘iﬂst group

genment a previous ransm ssion
[Endta sedand groep, of usdrsifoeransmit nforseationd agnetiodadonupsrisireg:

(e st g the R draue 3@%356@3@@55%@@%@%@9&28
ePannSPTORR dubl o et el 6 ek Blcs e in ach
tsub-grouptin rentirst grougehbasead, aé tbast opalitnon th:e ninaber of sub-groups
in the first group and a number of channels available for transmission of
~ information by the first group;
| assigning the number of channels determined to each user in each sub-
group in the first group for transmission of information; and
alternating transmission intervals among the multiple sub-groups of users
in the first group, wherein only one of the sub-groups of users in the first group
is allowed to transmit information during any transmission interval, wherein an
idle interval during which a particular user in the first group does not transmit
information is used as a waiting period for acknowledgement of a previous
transmission by the particular user, and wherein the second group of users is

allowed transmit information concurrently with the first group of users.



following formula: M= N(K/'S) = SNK where M
corresponds to the nunber of channels assigned to each

W@ s@r/0980m8 each sub-group; N corresponds to thep@mobkmn4/012580

of channel s available for tragsm ssion; K corresponds
to the nunber of users in the Tirst group; and S
corresponds to the nunber of sub-groups. 17. The

9 oS DTS By 66 S Shotgs sesiona o

raschi yder indaaly sulpgraumior theefirst growp is dbtegmingd aecatding to the
$§®ond Eub-@rpup havi ng an equal nunber of users. 18.
WBE KGR cl ai m 17 wherein the nunber of channels

assi gnge NRK/SAeRNRer in each sub-group is determ ned
according to the following formula: M= N (K 2) = 2N K
wher e whererM axoprasponds to e purther abichenaelseassignest igneach user

8 BR7 sHB Framiol BGlaictit & Bhe MBRET SEXRE b, fable for
QRINSAHHSIBAS KL Corrdupondeiaer thef nuhBes of Dséfeinf thesfirsgigpoup; and S
19. The nmethod of claim 15 wherein the first group of

osiespends to the rymberof sWh@eupPss users and wherein the
mul ti pl e sub-groups conprise a first sub-group and a
second sub-group, the first sub-group having a first

nunber of users, the second sub-group having a second
mMyrberThef metledsofdiaiom 16 svhereinl the Jirsthgroup lof uséisr gantains an even
nunber qf users

) 0. T 1qd | ai 19 wh i
TR arsSrs a3 wticet e BRYNTS sob-orallnf catefes = irstsub-group
SAHer §5886hd gu%%h?rm?\ﬂﬁ%@ﬁ Ul Agmber bhgséral | owi ng

formula: M ere corresponds to the
nunber of channel s assigned to each user in each

5 P malbS8idr ABAT 3, WRetelf 4P TREhveLof SRERTRIS gpgianed to
regthalisc®lin Bael subQrolieis’ dataimiped ecolih@ EOtHe0BBOWMg formula:
PCT/ US2004/ 012580 19 21. The nethod of claim 15

fur t hé¥l NH5f2)sT AY/K det er i ni ng whether to transnit a
new p?ﬁlﬁ%’% I\‘ﬂfcdrfgsgbﬂaé 't@@h@huhﬁ}err%?%ﬂabﬂgl\% éé%g%ﬁ%ﬁu each user

packe i nf'or maton, based on the ac
tiheeaqir eubayrsup;r Ahsoirespands &2 .thé\ murhbeémpbé chaorels available for

communi cation system enpl oying a fetransm ssjon,.
transmission; and Kycorrespon 3?3/ thegnum[)ero users in {he first group.

19. The method of claim 15 wherein the first group of users contains an odd
number of users and wherein the multiple sub-groups comprise a first sub-group
and a second sub-group, the first sub-group having a first number of users, the
second sub-group having a second number of users which is one less than the

first number of users.

20. The method of claim 19 wherein the number of channels assigned to
each user in each sub-group is determined according to the following formula:

M = 2N/(K+1)

where M corresponds to the number of channels assigned to each user
in each sub-group; N corresponds to the number of channels available for

transmission; and K corresponds to the number of users in the first group.



protocol for error correction, the system conprising:
mul ti pl e communi cation channel s avail able for

wo ean®9sossi on of information; and a first groR@EI/0§2004/012580
mul tiple users to share the mgtiple comunication
channels for transm ssion of Information, wherein the
multiple users in the first group are divided into
mul ti pl e sub- groups of users, each user is assigned a
di stinct subset of the nultiple comunication
@Manndhe methed, ofallaitmes furthergamprisng:t he nunber of the

communi cat i.on channel s .avai l.abl f he nber,. of .
sub- o PEREgRe ERES! & TR B Bl R P RT R Fhprretransmit
A Prédbas eshokePnsf rifermatidr, Pb&sed! org thd Packowloggereht of the
the first group, wherein only one of the sub-groups of

PERYIQUS Hapg@Igsiast  group is allowed to transmit

i nformati on during any transm ssion interval, and

wherein an idle interval during which a particul ar

@2oer A riditiplei asdessr conmmildcationt systeanemploying cx meframsmission
is used as a waiting period for acknow edgenent of a

Pretprel for eFraR AreSish the SYHEMBRTPLUNGr user. 23. The
sys_te%@{iwgl ab%ﬁ%m‘ﬂ%firoﬁ' Nehy é@”%%il%le?hﬁ)‘?net'r%]smission of
assigned to each user 1 n each sub-group in the first
agmformatien;datder m ned according to the follow ng

fornul a:

. M= N(KLS) = SN K where M co[.res s to the. ..
honber Srotcauee ot hulplhairerd tcatriokle” RAHgE, pomiication
THBNAERYSF trAhSAISSRPSIARMnatidMe number of channel s
avai |l able for transm ssion; corresponds to the

nurmbe whsfreinstbegnultiptengsers i theyfitst groumaregdivisiedristopmntiiple sub-

to the pu of . sub- PSuc 04 9 ,
sB0RS oI o st 3385 3¢ Pl R APRE pes o the muitie
\Woedraunichtion f chaiinetly Mased] atsdsastcimntpr)soanttey elumber of the
nunber of users and wherein the multiple sub-groups

comnuRigation jshapnelspavritable andathe swphel elisuBrasepps of users,
o

SRR A8l B b Rt Ehorfl T aroups o
esels irsthie first gaotip, swhzrginaanly iosedsfttre rsubegtoaps of dises incthe first

the follgwing fornula; M= N. (K _2) = 2N K where. M,

5w S 6888 Jor FANSTOkPTBRICH SHHER s EpBBISIcY ilgal, and
. N r .

cl‘;'?%crﬁgnén}é F@éi\h\}gﬁ@g EP@YQOPNWQ RIS h tEEfifdY GRRIp does not

transmit information is used as a waiting period for acknowledgement of a

previous transmission by the particular user.

23. The system of claim 22 wherein the number of channels assigned to
each user in each sub-group in the first grouvp is determined according to the
following formula:

M = N/(K/S) = SN/K

where M corresponds to the number of channels assigned to each user
in each sub-group; N corresponds to the number of channels available for
transmission; K corresponds to the number of users in the first group; and S
corresponds to the number of sub-groups.



transm ssion; and K corresponds to the nunber of users
in the first group. 26. The system of claim 22 wherein
wo bw409g088 group of users contains an odd nunmPer/USE004/012580
users and wherein the nultiplg sub- groups conprise a
first sub-group and a second %ub-group, the first
sub-group having a first nunber of users, the second
b- gr , . Co
4 TSR o, e PEE WD GREIFIRE it IG5 S RS briaifen even
ofunthexri ohudérsiiied eihereih¢he unditiple slibejraupe tempsise grferst sub-group
each user |n each sub- roup i s det ed according to
{ RImpPenAE e

a0 3 86¢ %bﬂfﬂ‘lﬁf‘%‘“ QR0 esAl Ry

corresponds to the nunber of channels assigned to each
user in each sub-group; N corresponds to the nunber
@5. chdrheebystemapf alaim 2drwheneiméhe swimber efnaghannels assigned to

SR ) Soth ol ST WSt iRcb RN belihapGdmuta:

deterrmmﬁQ/(ngngN/Kto transmt a new packet of
information or retransmt a previous packet of
| nf or hererdVl geskesgopds to dhey BRAMAI & ghaBReIssassighed to each user

ThHARSHPBIE, K hesonT IS A oF AL avataie o

hegstissioarand Kluop@spbnisito the Mimbdhef wwsess énthef first griop.
29 wherein the systenis channelization is perforned

in accordance with a Frequency Division Miltiplex
(FDI\/D scheme. WD 2004/ 098098 PCT/ US2004/ 012580 21 31.

T{F H?{é?ém%fadlﬁ“h?QZW@Ithehﬁsﬁgﬁiﬁ%fsusers contains an odd
annel | za

lon is perfornmed in accordance with a Code

miunbserof users apd whegeinihe suttipie supgrogpe cempriemadirst sub-group

Fae Secat SHBlady dnRES (R BB ing AR pordper tyoers. the

Eae\/;bﬁu%bbg*bhpma@mg( £isbbbnd pahbEr of A8ers"whithhedne less than the
conprising: determning periodically a total nunber of

dostanmeer ofaiseshannel s available in a multiple access
system and a total nunber of users in a first group

of users currently being served by the system the

Dt erMiemelstgimof alaime 26 anheielsitivs nuecieanoss ohammelgrassigned to

correction; partitioning,the first group, of users into
rRAch] Ys1es iny gt t BdRngEoR? IS tpamingd cadeling fruthegplipwing formula:
nurrberMo.szf(Rl;_sf) in the group;

where M corresponds to the number of channels assigned to each user
in each sub-group; N corresponds to the number of channels available for

- transmission; and K corresponds to the number of users in the first group.

28. The system of claim 22 wherein the particular user determines whether
to transmit a new packet of information or retransmit a previous packet of

information, based on the acknowledgement of the previous transmission.

29. The system of claim 22 wherein the system'’s channelization is performed

based on an orthogonal basis.

30. The system of claim 29 wherein the system’s channelization is performed
in accordance with a Frequency Division Multiplex (FDM) scheme.



assigning a distinct subset of the comrunication

channel s available to each user in each sub-group
whamemdysost | east in part, on the total nunber BPET/US2004/012580

conmuni cati on channel s avail aghke and t he nunber of

sub-groups in the first group; and alternately

allocating transm ssion intervals to the nultiple

sub-groups in the first group, wherein only one of

t he sub-groups of users in the first group is allowed

t3.tr aMystemfofrdaim 2 wiherein ghensystermesi shannglization is performed

i.nterva |l e |nt uring which a

B aEr o fane8 ety B Mbian et KRR sEHEmET amcr ¢
information is used as a waiting period for

acknow edgenent of a previous transmssion by t

p¥-t i clhesgysiermrof ciaim 2% wheein die systermss ﬁh%@ﬁf'@ﬁtlﬂ@ ts performed

6§ggé§éﬁg$ﬂl o AGHET Bh"idHh oo‘@*&ﬁ%f‘qfreﬁﬁ?ﬁé?r\ﬁm&or? A6iiplex. (OFDM)

rans r eVl ous
dchiefienr nat i on, based on the acknow edgerrent of the
previ ous transm ssion. 35. A machi ne-readabl e nedi um
conprising i nstructions which, when executed by a

chine to perform operations
i ncl ugﬁng ﬁ%eglg@?f@g%% PCT/ US2004/ 012580 22
det er ndetemginingn pebiedicafly cé atotal siuenber| ebleeniraunication channels
tra.s Sié:agrrT]lHRfl&le Iﬁgc@sgnf v nq%/tﬁegrrl]@?}ﬂtq ﬁt%u%ﬁ%@gf USRFS in aFrst group
Céf”’ﬁHQl*sC%hh@HtlyWEélﬁ@ ¥&HEe8 B?'pﬂh@’%yéieh?t fHRN Sy ferh O8mploying a
mechani sm dividing the first group of users’into

metranpinéssinrbmgcbapismolor egrer serregliansr i ni ng a nunber  of

gzﬁng%{m orBrS% etﬁésfggp %g%@;? ﬁ&%a#tlﬁ{o I{ﬂ{lﬁ@‘é nSyRsgroups of users
Shibedr s totd nuftberwiiogers |ﬁfth§@&§mﬁ| s avail abl e;

assigning the nunber of channels determined to each
user iapsigning audistipetosibsed of ithe rammaynieation channels available to

' ALy U?%Heﬂpnﬁfa?rﬁ%ug'-irﬁgﬁ%ééé% ta[tﬁ@é& ﬁsggﬂwhﬂttﬁb"t%'ta? number of

anong groups$ of erern onl

afEmmiunidatios udhaphelspavaifabls ansd fhe amlnbae@ftsmbtgmnpmm the first
i nformation during any transm ssion interval, and
VvfBHRBi &"%n idle interval during which a parti cul ar

:JzeLseé(]tetrnz?te élﬁcaﬂﬁgqgclg%ﬁg%s Hﬁnt&@%}%\tg Eh(fg E??@%PBIQroups in
ptheirstugroupawhereis ionty bge ofi¢he pab-groupsaof usars.in the first group is
allowed to transmit information during any transmission interval, and wherein an
idle interval during which a particular user in the first group does not transmit
information is used as a waiting period for acknowledgement of a previous

transmission by the particular user.

34, The method of claim 33 further comprising:
determining whether to transmit a new packet of information or retransmit
a previous packet of information, based on the acknowledgement of the

previous transmission.

35. A machine-readable medium comprising instructions which, when

executed by a machine, cause the machine to perform operations including:



36. The machi ne-readabl e nedi um of cl aim 35 wherein
t he nunber of channels assigned to each user in each
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sub-group; N corresponds to the nunber of channels
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packet of 1 nformalion, based on the acknow edgenent of
the @eteumining araurshesef ehannels to be assigned to each user in each

sub-group, based, at least in part, on the number of sub-groups and the number
of channels available;

assigning the number of channels determined to each user in each sub-
group for transmission of information; and

alternating transmission intervals among the multiple sub-groups of
users, wherein only one of the sub-groups of users is allowed to transmit
information during any transmission interval, and wherein an idle interval during
which a particular user in the first group does not transmit information is used as
a waiting period for acknowledgement of a previous transmission by the

particular user.

36. The machine-readable medium of claim 35 wherein the number of
channels assigned to each user in each sub-group is determined according to
the following formula:

M = N/(K/S) = SN/K

where M corresponds to the number of channels assigned to each user
in each sub-group; N corresponds to the number of channels available for
transmission; K corresponds to the number of users in the first group; and S

corresponds to the number of sub-groups.

37. The machine-readable medium of claim 35 wherein the operations
performed further comprising:

determining whether to transmit a new packet of information or retransmit
a previous packet of information, based on the acknowledgement of the

previous transmission.



