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access channels in communication systems.

Description of Related Art

[0002] During the last decade many cellular communications standards have sclec_ted
orthogonal and non-orthogonal Code Division Multiple Access (CDMA)

physical layer interfaces.

{0003] In the context of many to one communications where several users try to send
information to a central receiver, non-orthogonal CDMA has been the option of
choice. The reverse links of cdma2000 and WCDMA are good examples of this.

[0004] The fundamental characteristic of a non-orthogonal CDMA channel is that it is
self-interference limited. The degradation in the communication between a user
and the central receiver is primarily due to other users of the system that are
simultaneously accessing the channel at the same frequency band. Each
concurrent transmitter is only distinguishable by the code it utilizes.
Furthermore, for the system to work, the energy that is present in the medium
due to other users transmissions needs to have practically the same statistical
properties as white noise. It is this randomness that allows several users to
successfully transmit information at the same time in the same frequency band
as long as the number of simultaneous users does not exceed some maximum N.

Typicaily, a different transmission code is assigned to each user by the central



entity. The special properties of these codes assure the desired
characteristics of the interference. In a circuit-sw tched CDOVA channel
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steady traffic emtigs ThEapedialprapecites of thiege cadds avwire thealesioeticthargetepisticsast 192
bits every 20 m | liseconds. Furthernore, the transm ssion of franmes is
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distribution that is flat over tine. his adds ‘an extra dinension (arrival

time) to the deﬂi‘odtylpatabcdmm'lﬂmdcpbyrmmndélsWmﬁxﬁ&l%chmyhesm on code
has to be continuousl hecked..f r the arriyal .of packets I n practical
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system can effectively support is much larger than the allowed number of

simultaneous transmissions N. Some systems are being proposed where N ~ 30
and U ~ 15000. Furthermore, the sparse nature of the traffic suggests a non
connection oriented Aloha type access protocol. In an Aloha based access
channel, each user accesses the channel whenever the user has data to transmit.
If multiple users attempt to concurrently access the same channel space, a

collision may occur and both transmissions may be unsuccessful.

[0007]) Inthe Aloha based access channel, the time of arrival of the information frames
is unknown at the receiver with a probability distribution that is flat over time.
This adds an extra dimension (arrival time) to the demodulator complexity since
every possible transmission code has to be continuously checked for the arrival
of packets. In practical terms it is much more complex to demodulate a signal
transmitted using a given code when the arrival of the signal is unknown. The
individual demodulators that are needed for the CDMA-Aloha channel are
orders of magnitude more complex than the ones mentioned above for the

connection oriented protocols.



WO 2005/ 088989 PCT/ US2005/ 008199 It is in principle undesirable, in terns
of receiver conplexity, to assign 15000 different codes and have 15000

paral | el ¢aaRvbabsy S. One possi bl e approach is to havepé‘r/% ogfﬁtfs et of
codes C < U fromwhere the users randomy choose one every tine tf‘1ey want

to start a transm ssion. Limting the ndnber of access codes increases the
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channel confi gurcﬁ‘fl‘?sd?FrS??Bs WH‘%@Q&‘WH#Fﬂﬁﬁm%M%at i on systemthat

allows for a large nunber of active, intermttent, users while reducing the
pr obabi | i t[#00f] dhils sinplarfeons transmissienssmé slfaveads twe differait $tansmittersssing, and

mai nt ai ni ng or reducing.the,conpl exity of. an associated. .. .receiver. BRI EF
SUMVARY OF THE ﬁ%%?éé%&%m%?&%ﬁ “F%ﬁ"ﬁ%&%’ a0 Fhp 53131631’5‘? Cs ’fl‘btrlmEBtEﬁ‘fei guring
and accessing ar&ﬂ@ﬂﬂﬁ\ﬁ\ﬁ%o&éﬂaﬂ&%i%ﬁtﬁm%ﬁ%ﬁ%@yﬁﬁbls%tﬁyw are

di scl osed. The nunber” of users support by a random atcess channel can be
optim zed by assbdpitile santi Be and frequeney bandawill likely canse theHossfofdofi ural ity of

users. The differen L.nes qf arrival for different users.can ke as small
ns h i ngle. chi BRokes At Ureohiedy haeaeersign il mat st rtrogratiqndin
transmt data aihAchllisRns MdtverF HMRNRS HEHevep redtivir QBADRKIY In@SsaywitR al | ow
the data to arrive at the dest’ination receiver at the asSigned tinme. In a
CDVA system eaeh ingreastion ithe anmbenof avedahdetedesdat a that is spread with the
sanme spreadi ng code, provided the cross correlation properties of the code

are suffi cioand] tcis akdipwid 8ave hh GtlebsihaRiel dosMlirsifort ddtprb@coll+in af f set
relative to another user. Alternatively, the users can be assigned a code

from a predet er sPmgmnidation systern that elestor adarganembenad agtivaintenaittentan be
users while reducing the probability of collision for data transmissions from
distinct users, and maintaining or reducing the complexity of an associated

receiver.

BRIEF SUMMARY OF THE DISCLOSURE
[0011] Systems, methods and apparatus for configuring and accessing a random access
channel in a CDMA. communication system are disclosed. The number of users
supported by a random access channel can be optimized by assigning a distinct
time of arrival to each of a plurality of users. The different times of arrival for

different users can be as small as a single chip.

[0012] Each of the users can be time synchronized and can transmit data at a time that
compensates for a propagation delay to allow the data to arrive at the destination
receiver at the assigned time. In a CDMA system, each of the users can transmit
data that is spread with the same spreading code, provided the cross correlation
properties of the code are sufficient to allow identification of a source that is
time offset relative to another user. Alternatively, the users can be assigned a

code from a predetermined list of code sequences. The time of arrival can be



WO 2005/ 088989 PCT/ US2005/ 008199 det erm ned based on the nunber of active
users, and can be assigned as often as each transm ssion by each user. A
recei ver opoheguwesdet o receive the tine constrained trani’?‘rﬁ%b&@ﬁﬁﬁ m t he
plurality of users can reduce the search space for each o plurality of
active wusers to a predeterm ned spread#ng code and a predetermned tine

w ndow corresponding to the user. The assigned tinmes of arrival reduces the
recei ver conpl éstertinedibdsed ah femuntber hfadiys bisers,tamdscap pe nssignedas often as t han
can be supported a random agcess channel that uses unconstrai ned channel
access, such a®@%R USSR QY §PEEYH5ur e i ncl udes a nmethod of allocating
access to a channel. The nethod includes determning a transm ssion cycle
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di scl osure al so i ncl udes ocatlng access to a channel. The
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term nal, synchroni b with the user term termning a
transni ssi on cy%ql’éplﬁ’é\tp?wgﬂ%am thFBlptSrSPP Tnof%usgr%mc%ﬁ? % duration,
determning a téﬂﬁoﬂéd ’é'ré{rﬂbn%%bbrsrchélﬁwﬁﬂlaﬂu&? nBedRHABd ¥hatinbitcBesshe

transm ssion cycle, transmitting the tinme of arrival to the user
termnal to al wbaasé\lolrrm channel to the user term nal beginning at the tine
of arrival. The disclosure also includes a nethod of transmitting data in a

channel . Tog4) "h8Hclofiat istdRdek 8 duesdd sThllB6RRFact&s td 8 cRARBN elhe theREd Vi Ng a

time of arrival as&gnrrent in response to the request, and transmtting a
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transm ssi on cycl e assigned to a user termnal, receiving transm ssions
from a plural it §ilesntedbe channel fodhe wser terminabbeginning nt the time ofiarvivalt i me wi ndow
that includes the tinme of arrival

[0015] The disclosure also includes a method of allocating access to a channel. The

method includes receiving a request for access to the channel from a user
terminal, synchronizing a time base with the user terminal, determining a
transmission cycle having a duration proportional to a CDMA chip duration,
determining a time of arrival occurring at a chip boundary within the
transmission cycle, and transmitting the time of arrival to the user terminal to

allocate the channel to the user terminal beginning at the time of arrival.

[0016] The disclosure also includes a method of transmitting data in a channel. The
method includes requesting access to the channel, receiving a time of arrival
assignment in response to the request, and transmitting a data block at a time
offset from the time of arrival such that the initial portion of the data block

arrives at a receiver at the assigned time of arrival.

[0017] The disclosure additionally includes a method of receiving data in a channel.
The method includes determining a time of arrival within a transmission cycle
assigned to a user terminal, receiving transmissions from a plurality of active
user terminals, searching within a time window that includes the time of arrival
for transmissions from the user terminal, and receiving a data block from the

user terminal.



for transm ssions fromthe user termnal, and receiving a data block from
the wuser termnal. WO 2005/088989 PCT/ US2005/ 008199 The di scl osure al so
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channel . & apparatus includes a data buffer configured to store a data

bl ock, a data nodul ator coupled to the data buffer. The data nodul ator is
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transm ssions within a tinme w ndow t enconpasses e arrival time for

t ransmi ssi ons f msdigdnint gser thaethoitrandmitteRi 4 iESGRICEVEON aGkccivdr aDRAW NGS  The
features, objects, and advantages of enbodi nents of the disclosure wll
become nore appARRtintialy the arEvdmg 4sgignmedler i ption set forth bel ow when
taken in conjunction with the drawings, in which |ike elenents bear |ike

r ef er ence [0A1%e Tk disclosingals ihcludesanf apparitus fad oferatimig ovieng coustrained arrival

enbodi nent of a wreles omruni cat i system.i npl enent i atine
const rai ned accé’§_§9 ‘g‘ﬁ%’ﬁﬁief{%SPPEq{%mS mCQF%éﬁme@@W %H@Hglfﬁo’éﬁ@r?ﬂ?i ng
di agrams of enbgiefRe% thinsAfksfnARletARHL ™ time boundary module configured to

determine an arrival time within the transmission cycle assigned to a user

o

terminal, and a receiver configured to receive a plurality of transmissions from a
plurality of active user terminals, and configured to search the plurality of
transmissions within a time window that encompasses the arrival time for

transmissions from the user terminal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The features, objects, and advantages of embodiments of the disclosure will
become more apparent from the detailed descriptiori set forth below when taken
in conjunction with the drawings, in which like elements bear like reference

numerals.

[0021} Figure 1 is a functional block diagram of an embodiment of a wireless
communication system implementing a time constrained access channel of the

disclosure.

[0022] Figures 2A-2B are timing diagrams of embodiments of an Aloha random
access channel and a time constrained access channel according to an

embodiment of the disclosure.



access channel and a tinme constrai ned access channel according to an
enbodi nent of the disclosure. WO 2005/ 088989 PCT/ US2005/ 008199 Figure 3

is a funcw(??@gmgggggck di agram of an enbodi nent of a basepé*lﬁgiotaglmqgi?%nfigured

to manage a tiire constrai ned access channel of the disclosure. gure 4 is
a functional block diagramof a user tergrnnal configured to interface with a
time constrained access channel of the disclosure. Figure 5is a flowhart

of an embomiopENt Fifwe Iic AFeSEH oAkl WbikodiadraMbfanGhfdashent of Kby statfonl S 2
flowmchart -of an enbodi nent of a process of operating in a constrained

arrival time chaspBgured o yanagea time eorisiraiped agcesoghanpel ofitidisglofiraf a process
of receiving a signal froma constrained arrival time channel. DETAILED
DESCRI PTI QeogH] THEghile3Gs @fiitional Mbcﬂ@dl@?ﬁnﬁmﬂmeﬂ teihinalc thavi ng an
access channel with constrained arrival tines is disclosed as are apparatus
configured to opeicEpes Witk timeconstsaned acepwschannel afithe isClsE- of i nt er f aci ng
with the access channel. The wirel ess comunication system can inplenent an

access chajooes] i rFigtiechis talfRywashedt i bn efnbodin@ht 6f 4 prodegios silevatihg @ ehamel.
particular user termnal is constrained to a predetermned arrival tine.

The arriva T & BlHE ' i ned arrival
time boun g?‘l;]es %%Qreﬁﬁ%?g%?gp%ﬁg}c‘}ﬁ?n paﬁfﬁ?g%sgggﬂﬁéﬂ%er of active
users on the choanstedinedrerivatmmgdiannélne conmuni cati on system may assign an
arrival time to a particular user term nal nodul o the nunber of active

users on t h o r | | ' . tem ma
assign an a%?fvzaillﬁigﬁer;’em? ot?ogygpt)lgﬁ tolfcu agb%t?%%ogw&%ﬁy%% eterm %ed
nunber. | n ot heforealeotktrmied yrrivd enecolamElcat i on system may al so random ze
the arrival tine assigned to each of the users. The random zation may occur
for each transm ssion or may occur based on a nunmber of transm ssions or a
time period. The conmunication systemmy transmt the arrival tinme

corresponding to a pdbETAULED DESORIPTION OB TEECDISCIL@SVRE or at sone ot her
i nterval that may be_based on the manner .in which the conmunication system
det er mi nes/00R8] A mixglgss orgmunication system having an access channel with constrained
arrival times is disclosed as are apparatus configured to operate over the access
channel, and methods of interfacing with the access channel. The wireless
communication system can implement an access channel in which the arrival
time of a transmission from a particular user terminal is constrained to a

predetermined arrival time.

[0029] The arrival time can be selected from a plurality of predetermined arrival time
boundaries and may be determined in part based on the number of active users
on the channel. For example, the communication system may assign an arrival
time to a particular user terminal modulo the number of active users on the
channel. In another embodiment, the communication system may assign an
arrival time to a particular user terminal modulo a predetermined number. In
other embodiments, the communication system may also randomize the arrival
time assigned to each of the users. The randomization may occur for each
transmission or may occur based on a number of transmissions or a time period.
The communication system may transmit the arrival time corresponding to a
particular user prior to each interval or at some other interval that may be based

on the manner in which the communication system determines the arrival time.

[0030] A user terminal may initially contact a base station to establish an active session

over the channel by communicating over an overhead channel that may be



A user terminal may initially contact a base station to establish an active
session over the channel by communi cating over an overhead channel that may
be WO 2005/.088989 PCT/ US2005/ 008199 configured as a r channel
The user Y@M PA¥8%ay access the overhead channel a |i%??§§h&g@§§?90f tines
per active communi cation session, suchjyas for exanple, initial set up and
termnation of the communication session. The random access channel may
enconpass the samg ea%%eaa{d&%&efs%h?aﬁfa. TROder Mrifich] Rdy oBkssihd™® channel .
However, the user Terninal typically is not tinme synchronized with the base
station prior teveseadihasiel adimitsdmumberofitonss penactive commiiintieatioatsessidny, t he

random access channel. may be in.a frequency.band that partially overl aps,
or s st net TR FrREED B G FR R ST DRAO s CoRBicdion SRR | ne
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of times over the overhead channel, There may be a I ow likelihood of a

col i sion wth eonstranedhisivabiime chanmalh ddwever;dee ugee teriniral typitallyoseot t er mi nal
can synchronizg a ti base w {.h.the communi catiqgn. system and set up the
active commnitt’:"&? FWﬁg@é@%pW%b@Paf%aWMég%e%ﬂﬂﬁﬁég c_gﬂ’cﬁn@é??%%s assi gned
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Constraining the arrival time of a user transm ssion sinp I es the .recei ver
confi guration. thet ppaddilyoveriapd, or isistinobfibimn, thedraquersipiend lofithelconsttaimbge as to

which user termnal. froma ljmted nber of .active user term,nals i
assigned to th@“ﬁﬂr@%&aﬂlﬁfe : BE%?% fwaga?m@&m%@semﬂ?@ %‘Haﬁo
search a pr edeﬁtﬁﬁﬁ@r%?aﬁrﬁegn SR eVthD doMh &AL hAhASAAE nddyast £RIFLEio systens.

The nunber of codes c e significantly reduced conpared to the nunber of
codes requi r edcdllisiomwithretoansmasgomaonCaddtheraiseidermaineke Skheaisarteshinabead can be

reduced to as few as pne codge for. | users. .Figure 1 js. a funct.ional block
i agr am of an cHBGHPHEA® (R Bessrit e comEnRiraties Sbtegn i St B e tive
| mpl ementing a {dnfRumeatidd @kde8 ofG WeScvetRkal BRinnel AiFcanibelS | #flades one

or nore fixed e‘ferrents that can be in comunication with ofle or nore user
t ermi nal s 110a- tirh®for trenssmissiane oventhé timeeonstaikmdphenil.0Oa, can be confi gured
to operate with different communi cation protocols over the forward |ink and

the rever 36031} "EonskAbih Pbakvdl tiMe Jr3NREStrdrBmission simplifies the receiver
configuration. At each arrival time epoch, the receiver has knowledge as to

which user terminal from a limited number of active user terminals is assigned
to the arrival time epoch. The receiver can be configured to search a
predetermined time window and an associated code for CDMA systems. The
number of codes can be significantly reduced compared to the number of codes
required for a non-orthogonal CDMA random access channel, and can be

reduced to as few as one code for all users.

[0032] Figure 1 is a functional block diagram of an embodiment of a wireless
communication system 100 implementing a time constrained access channel.
The system 100 includes one or more fixed elements that can be in
communication with one or more user terminals 110a-110n. A user terminal, for
example 110a, can be configured to operate with different communication
protocols over the forward link and the reverse link. The forward link refers to
the communication link from the base station 120b to a user terminal 110a. The
reverse link refers to the communication link from a user terminal, for example
110a, to a base station 120b. The user terminal 110 can be a portable unit, a

mobile unit, or a stationary unit. The user terminal 110 may also be refetred to



the communication link fromthe base station 120b to a user term nal 110a.
The reverse link refers to the conmunication |ink froma user termnal, for
exanpl e | 0% issoss & base station 120b. The user tern ngérgdshogamide a

port abl e"mﬁ‘l“f 89 obi 1 e unit, or a stationary unit. The user term nal 110
may al so be referred to WO 2005/ 088989 BCT/ US2005/ 008199 as a nobile
station, a nobile unit, a nobile term nal, user equipnent, a portable, a
phone, and the 4 xmobﬂééthﬁmrgrm@fﬂewﬁty\@mwﬁé ter@indl NdbSeduipméla; 4 géitabdd, e shown
in the wireless comunjcatjon system 100, the w rel ess communi cation system
100 can be contPheceand edikBport a first nunber N of simultaneous

transm ssions and a second nunber U of active users that sporadically
transmt t[oossmeAhxheT@hsmﬂymusﬁmahelﬁaolllmwmgmnh@wmm§ efers to a
particular user termpal 11 Ca for the, sake of clarity. I s under st ood
that the descri gemwHBication syt bed, rthm@lprsq?mwn@@pmswﬁ@ 195a09¢ On within

t he coverage ar iﬁrﬁ] QBN pne

enbodi nment , thegus ‘{dg Wﬁgfﬁg‘%ﬁcomn%gék es %l:r%@%&l\%\n&% Jf‘)l{rzlie or nore
base stations 1gbnd althbaugbf ecive wae tha spepdiciiBiradantt ©@Uhebdse stafiohhi s

enbodi nent, the base station 120b. is shown as a sectored cellul ar tower. The

user terninal | 12 whefoll wweﬁwmmwata@amw#rmﬁe tepaaipalsk 19 fosrtha 2 0b

that provides t he user
term nal 110a. EEP(% ogtﬁ{) er e @gﬁﬁ%&é&ge ti ﬁﬁﬁaﬁqﬁﬂﬂa Jgio]%ngr}unl cat es,
via an earth st@mirﬁ!lslnﬁailﬂm“ﬁﬂﬁletﬂelcbeerié’@&eath@le&&fdléss%bmimmi‘baﬁ&y be

internal to the user termnal 110a or nay be external (not shown) to the

user termnal . FYEMBAP@||ite 120a communicates with a base station 120b,
typically referred to as a ground station or gateway. The user term nal
110a trando03q Ithermm:“dﬁﬁelhtimleméxg;aminnalcllowemﬁﬁmﬁiatdstdﬁedtgﬂmthbﬁe the earth
station and the satellite 120a relays the reverse link signal to the base

station 120b. THOr¢bass statigns L3b 19@@%&9@@%%#@@%@?@%%% t he
forward link si gnglg; .:m,‘lﬁ%r gﬂp &&Q%hwaé? M&&k&ﬁﬁr&%&a@%“ be The

configured to relay Sl gnha user erm nal

base station 12@Qfer tevmﬁﬁdmwa:wm@pmﬂylwmnﬂmmatetm thietsé {tetiors EI0bttRatni nal s

I[10a-11 On or indirectly via a satellite 120a,_ can,be coupl ed to_a_ Base
St ation provides the strongest signal strength at a receiver within the user terminal 110a.

-

[0035] In ancther embodiment, the user terminal 110a communicates, via an earth
station, with a satellite 120a. The earth station may be internal to the user
terminal 110a or may be exiernal (not shown) to the user terminal. The satellite
120a communicates with a base station 120b, typically referred to as a ground
station or gateway. The user terminal 110a transmits the reverse link signal to
the satellite 120a via the earth station and the satellite 120a relays the reverse
link signal to the base station 120b. The base station 120b can be configured to
transmit the forward link signal to the satellite 120a and the satellite 120a can be
configured to relay the forward link signal to the user terminal 110a.

[0036] The base station 120b, whether communicating directly with the user terminals
110a-110n or indirectly via a satellite 120a, can be coupled to a Base Station
Controller (BSC) 140 that routes the communication signals to and from the
appropriate base station 120b. The BSC 140 is coupled to a Mobile Switching
Center (MSC) 150 that can be configured to operate as an interface between the
user terminal 110a and a Public Switched Telephone Network (PSTN) 160 or
some other network, which may be a packet network 170. In one embodiment,
the packet network 170 can be a Wide Area Network (WAN) such as the



Controller (BSC) 140 that routes the comunication signals to and fromthe
appropriate base station 120b. The BSC 140 is coupled to a Mbile Sw tching
Center ( at can be configured to operate as an,/ et ween

t he user'\@t@ezroglnéﬁg%d%loa and a Public Switched Tel ephone %ﬁ%ﬁ'ﬁf@% 160 or
sonme ot her network, which nmay be a packéx network 170. In one enbodi nent,

t he packet network 170 can be a Wde Area Network (WAN) such as the WO
20051088989 PCT/A#eief) STRMELESY the MBTeIS0&kn alkbde ebayled td the PNPN 60%ndalke al so be
coupled to the PSTN 160 and_t he esgacket network 170. The MSC 150 can al so be

configured to c®akst peierk h{Q Th Orran abpibs cppiigured HeFooEdRME et i on
t . Th ' | | G b fi dt
Trol enent a o BiaSaTTIL 6Bl AakEbAB GReRRT_0¢ DO Ve se

i npl emrent a avl ng cons mes on the reverse |ink
because of truycture of the.reverse_ | jink where nunerous, user term nals
11 Oa-llo_rlﬂhgﬁ Theiic SO@WWP%%&%&%%W%@%M%@W@@E%_ same
base station 129&11!1&@&&1&%@&5&5%%&% & oMk Bl IEABRIMERERR Wi LI Lhe
Wi rel ess conmuni cation system 100 and requests access to the channel with
constrai ned accefiscthtensfihe deverss link tvierd muaderdikOsenteyminalsi 1Gd-1 Wnanagnesehcat e
wth the base station 120b over .a. randqQm ag¢g¢cess overhead.chifﬂ%el. The
random access oVEYHELRPUYR SARBIUNICIHORESessipn the yamerase statien -frequency
bands as the constrained arrival tinme channel. The wireless comruni cation
syst em 100{0038] iThp useraatmiaalpkl@t ddtibllyseomasicates with diawrelessamnimimicatiohe
random access overhead channel. Figure 2Ais timng diagram 200 of an

Al oha random ac¥&€mdN94A Fe%lﬁﬂﬁ/???ﬁs%tﬁégﬁf?@ﬁ%%i% mﬁmﬁ%cpﬁﬁ@eesm ferent

user term nal's SdaURhA0 108 RTINS B Rmthichiod AR badl Qi Bz0bBubhe

exanpl e of Figure experiences two collisions
202a and 202b bedmioe accsssonvesshd channeln SFHesandom aaesy sverliiadichanmel/cancbe second

user term nal experiences t cal lisions 204a. and 204b _before sugcessf ul
transni ssion océ‘gﬁ?.sam(ﬂrﬂ%%t&?ﬂuﬂmﬁ’ﬁﬂw Hdh? cq@pmnﬁgprrg/ Bpes ?:‘E’seftwo
col li'si ons 2062 188GigfiEl3 BAEAI:afloR YEEAS F00nal IBBRAICAPA BRUALE Wch as Gh COUT Se.

the nunber of collisions experienc y any one user termnal 1s not
limted to two. Aléhd protugbl far dhe mndoin atuessoeakdad tchanmieh aFigered2A isentirning
collision and succ fuyl tenpts to access the channel, the, sparse
nature of nagram%%)a o?an %ohaq'gn 0Im access C annetl sﬁomrxlzgr%ﬂe transm?ssxong

from three different user terminals attempting to communicate with a base

station. In the example of Figure 2A, the first user terminal experiences two
collisions 202a and 202b before a successful transmission occurs. Similarly, a
second user terminal experiences two collisions 204a and 204b before successful
transmission occurs. Additionally, a third user terminal experiences two
collisions 206a and 206b before a successful transmission occurs. Of course, the

number of collisions experienced by any one user terminal is not limited to two.

10039] Although Figure 2A shows each terminal experiencing collision and
unsuccessful attempts to access the channel, the sparse nature of
communications over the random access channel may substantially reduce the
probability of collisions. The random access channel may be desirable for initial
set up because user terminals 110a-110n may be asynchronous with the wireless
communication system 100 and may not have the ability to send a request at a

predetermined arrival time.

[0040] The user terminal 110a may also synchronize with the wireless communication
system 100 after requesting set up of an active session over the channel having

constrained access time. The user terminal 110a may synchronize with the



communi cations over the random access channel may substantially reduce the
probability of collisions. The random access channel may be desirable for
initial  $&)206RefeeAUSE User termnals 110a-110n nmay be r W th
the wirel ess c'fom‘rigjsﬁi cation system 100 and may not have Wé@?ﬁ%@to send
a request at a predetermned arrival tjge. The user termnal 110a may al so
synchroni ze with the wireless comunication system 100 after requesting set
up of an activeysRest eimMiRicatifesyhaAN 160 udddy adioncTVatiba NRtBRGEG ti e
The user terminal 110a may synchr%@ge V\}ilth t he WO 2005/ 088989

PCTI US200510091 $@hniqués: diorssamplentheiusertteroninalyld 02 mayGgndsomige with tome  of
various synchroni.z exa er. term,nal Oa may

synchroni ze wit quff:%is 8%%3&%%‘% E@éﬂnl %ﬁ%@ﬁ%@%ﬁ%ﬁﬁ?ﬁ&ﬂ'&%m th

the techni ques q&@@ss.mfeﬁtAkf}iééﬁsnrf’@tl@mséwhﬁtﬁ&uimrmGdﬁAﬂ?@oﬁEB entitled
ORTHOGONAL CODE DI VI SI ON LTI PLE ACCESS ON RETURN LI NK OF SATELLI TE

LINKS, filed MapIVISIEDOMUREHLFhAGCOESStON RESIRN NS OF ISA TR ISt
application, a r i,ncor ated herein in its.entirety. .Once the user
termnal 110a i i?@ﬁcﬁ%rwi%g’ :&%hast“r%e‘ﬁor P ASENER ipcf%ﬁepgﬂ’phg m 100,
the wirel ess copnuRéesy imRbrpoYRbeReRAIn dekeiliyre a tine of arrival for data
transmtted by the user termnal 110a and may assign the tine of arrival to

t he user t 1,N 110a. The w SS _communi cat.j,on system 100 can..

cormunt cat Q0FHe Crerdiedset Emtial FLESS srbRZeg Mot ST amREeton oo, 1 or
exanpl e, usi ng aydi&hWe0tht Wikeidzt 8orifhmicatidisysleh Bt M RtTRIMB A oF Rivay St em
100 can be configured to assign to the active user termnals, for exanple

110a and 110n, dorfdaty wansmatted by the usénterninalid 0o and wiy dsdigrethe timecefdegval Thus,
the wirel ess co ni cat.ion em_100.can be confiqured t ssign U
i forent &1 mos RoRee AL 105, gy Srpmaneriat veem AR rhe

Wi rel ess comuniceabhii@itatihb GMeldlneal alirmeint todtHE Q5krit@mARaI190a, fér L1 M@ epoch
for the tine of arrival that is chosen froma set of uniformy spaced tine

boundaries. Al t examapleyusing a forward himk chaondl. for the time of arrival may be
irregularly spaced or may be randomy determned. In one enbodinent, a

transm ssi @43 dhe dvikddsh corhitnidatien systni 0@tantbtdnfigurdd to assign to the

active user terminals, for example 110a and 110n, different arriving times

-

instead of different codes. Thus, the wireless communication system 100 can be
configured to assign U different times of arrival to each of U distinct user
terminals. The wireless communication system 100 can be configured to assign
a time epoch for the time of arrival that is chosen from a set of uniformly spaced
time boundaries. Alternatively, the time epoch for the time of arrival may be

irregularly spaced or may be randomly determined.

[0043] In one embodiment, a transmission from a particular user terminal 110aina
CDMA based system is allowed to arrive at the base station 120b starting at any
chip in the i-th position modulo U. In other words, each user terminal 110a-
110n (u) can be configured to have a transmission arrive at the receiver at any

chip boundary b, of the set:
b,eu+kUk e {0,1,2...} (D

[0044] Many variations on the embodiment are possible and/or desirable and the actual
implementation may be determined based on design trade offs within the systemn.
For example, the wireless communication system 100 may assign times of
arrival that are modulo the number of active user terminals 110a-110n.

Alternatively, the wireless communication system 100 may assign arrival times



CDVA based systemis allowed to arrive at the base station 120b starting at
any chipinthe i-th position nodulo U In other words, each user term nal
110a 110nwgheoSasaede configured to have a transm ssion al‘(f’f/ﬁ@zoﬁﬁmdsﬂ?
receiver at any chip boundary b" of the set: b"eut+tkUke {0,1,2...} (1) Many
vari ations on the enmbodi nent are possiblle and/or desirable and the actual

I npl enment ati on nay be determ ned based on design trade offs within the
system For exmnﬂ!ﬂe,anrh@etvmﬁmde@gsf@mmmbecalﬂtgnnwbﬁmﬁam@m;sfafss&dgn times
of arrival tha ar & dulg th rkunbcg{l Oﬁ; act ilve user t.erﬁrri nals 110a- 1l On.
Alternatively, PRETHIAIELL conFaRtdilys, Hie Vel ess coBE RS USR ST 244 val

times WO 2005/ 038988emMGHridsa) MieRR3 Shsure HIDBedrOtcAmBaRiR: everundly ssapsddant
nunber. |f the number of active users exceeds the predeterm ned constant
nmodul us, the wi fepEwsl @Bamuni cati on systemmay inplement a priority schene
to ensure all users termnals are eventually assigned an arrival tine. In
an enbodi (eMf5] I shbeligesnt, herwikiléss abmedunscasibR Bystéh 10abarbbe configusdted to
determ ne and assign tines of arrival such that the transm ssions from no
two users si nufi¢termeine and asgign;tiresnf amieal pachehstche trapprzisgionsirme AR HUP nent , t he

whol e popul ati . | nal =110 f td: % a
singl e code prgé\}fééée%l“?[ ﬁ‘?ﬂefoh?&e%lﬁ:\geoé ﬂ%%%@%éé‘ugggg%a%néﬂgﬁ%%%ﬁti tgg%zn Cross
correl ated w t hpomhationast uéerteiginsls 0104-1 53 dan cEReBGlyeinploylicdinglé oy t | es may
be obtained using a _Linear Feedback Shift Register (LFSR). Wth this

transmt strat eBgpvided dhat theedsihps pspuderandom prapsriies whenforess coielpted ddthced to
. In th ' i : |
Forminal | poput Snre Tt QRO RDAEE Ufn sBotBflertit AUIBR bR thgRE, Uo©"

becones si npl er LirkacPetdbadkiBhift Régistes (KRSRY . Withthis eransinie stritbgy, thest ances of
time where the receiver needs to |ook for a particular user's transm ssion
are now a di scrprobalifity ofsoliisionis glestivelyredueeditadei® ng conpl exity in this

di mension as well. A constrained arrival time enbodi nent introduces a

| at ency orj0046d hiheraibotiingint wiiese oielcotdeispised thaidughoutthp wheleGidditeAhinah schene,
where termnals transmt at their djscretion. Such Igtency I s. det erm ned by
a transmissi on BgRulaionH0aH 18m,fhe receiver in the base station 120b becomes simpler

because the code is known. Furthermore, the instances of time where the

receiver needs to look for a particular user's transmission are now a discrete set

of hypothesis, hence reducing complexity in this dimension as well.

[0047] A constrained arrival time embodiment introduces a latency on the channel that
may not be present in a pure CDMA-Aloha scheme, where terminals transmit at
their discretion. Such latency is determined by a transmission cycle, which can
be the spacing in chips between a user's two consecutive transmission arrival
times. In one of the embodiment described above, every cycle of U chips each
user terminal gets one opportunity to transmit, so the latency that a single packet

experiences is a uniform random variable with parameter U.

[6048] Note fhat, even for large values of U ~ 15000, the latency introduced is on the
order of few milliseconds when chip rates are on the order of few megachips per
second. Some digital communications systems like the ones using geostationary
satellites have inherent propagation delays on the order of hundreds of
milliseconds without even accounting for additional delays that the end to end
communication link may introduce, for example, from internet routers. The
percentage increase in latency of the constrained arrival time access

implementation is, in such systems, extremely small.



be the spacing in chips between a user's two consecutive transn ssion
arrival tines. In one of the enbodi nent descri bed above, every cycle of U
chi ps eackyg weShssdogy M nal gets one opportunity to transr‘q’,‘t:T, ?ﬂmgl&fﬁ ;9atency
that a single packet experiences is a uniformrandom vari ag e W r'1
paraneter U. Note that, even for |argeld/al ues of U - 15000, the | atency

I ntroduced is on the order of few mlliseconds when chip rates are on the

order of f[884%eBzots 3B ispetimingstiagrdm 230 ad example of o constratmetiaoieal siyet ens | i ke
t he ones using geostationary .satellifes_have_ |nherent prgpagation del ays on
the order of hu%@ﬁs#qﬁgﬂ?&%a@ﬂﬁmﬁ% s&%ﬁ‘ﬁ?&h ®for addi tional
del ays that thetgiithaisOefMGranSRiTRHE 158 bIRR atrivilig Hﬁl%’cdlxﬁﬁ-ﬁiﬁgt!’&:giffva{tﬁge.exa”m €

frominternet routers. The perceltage |ncrease in |atency
constrai ned ar r Thefirst iiser teroninal sransipitedanblncko22as222c had aufvesay dteens,

extrenely small. WD 2005/ 088989 PCT/US2005/008199 . 10049 igure 2B is a
timng di agram ﬁ%&%@ﬁ%ﬁ?@%‘ﬁdg’@s?@%#&? Slama?]r i%"l“ggﬁgﬁt%nnel . The
timng di agram gdnfbsidiistfidatatiio SR 008a- I e Fhdvin, St 1 TBbiersfodll Mab fleSusereach
transnitting data block arriving at a constrained arrival tine. The first

user termnal ttcammal meysantinus todiassm2ip defa DReks amrvingatihe assigned times vntili gned
arrival tines assigned to the fi.rst .user terpinal. t hough only three

Cr anemi ssi one. ofedAPIemRA e naHes 1 Hamict bt A Hot SR RS Dod t hat ¢ he
user term nal Wsnﬁ%'éﬂs[‘té,eisttﬁ’eﬁ&ﬁﬂﬁiﬂdndﬂ@fe@[@hﬁcéﬁ%@ﬂéét‘@i ¢3B, e assi gned

times until the user termnal relinquishes the channel. The tine between
successi ve tr atiswiepsttoassigned to the firdt@sentenminalds thesamgdn eachitranshissioranpl e of

Figure 2B, the _ti epoch assi gne he fist user termn i S the sane
in each transni Q%ql%ﬁrh{?@_fsgmﬁ‘ﬁgcxcfeai@r#@g‘%{h@féwpgﬁtﬁﬂﬁghi%?he exanpl e
of Figure 2B hagumtiofl bredick hnG§ ARALREd {01016l throlifR Wil &t thrdnifiXGaBsrhfdsiengh al |

user termnal transm ssions. Were the transmssion cycle 230 is a nmultiple

of the m ni mum Wheee thadrapsmission cy¢la 239 & a multiplecofithgminirsina tige drerements i val

time can be detgrm nec tine assi nt dulo D Addit.ignal |y,

al t hough Fi gureﬁ’fgisgh”gggaihﬁ@? ai;qxl@egm\?& ecﬁ?ngﬁﬁdt S%Q,Emf‘or exanpl e

222a, is less tha tﬂiéaardm.nA@ﬁitfohm)t,amﬁ%wﬁe 2BCshoWA tiat the dudgtioAur at i on
e

of a data bl ock 222a may exceed the duration of transm ssion cycle. In

such a situat i opfa date blaskefoy examplp 232, inleesdthaw theahirationfafithe transmission
cycle 230, the duration of a data block 222a may exceed the duration of the

transmission cycle. In such a situation, the receiver may not need to search for
transmissions from the user terminal at the assigned time epoch because it is
already receiving transmissions from the user terminal. Additionally, the system
may not need to transmit a new time epoch assignment to the user terminal if the

duration of a data block exceeds the duration of the transmission cycle.

[0050] Similarly, a second user terminal transmits data blocks 224a-224c that arrive at
the assigned arrival times assigned to the second user terminal, and the duration
of each data block may be shorter or longer than the duration of the transmission
cycle. Similarly, the time epoch assigned to the second user terminal is the same

in each transmission cycle.

[0051] A third user terminal transmits data blocks 226a-226b that arrive at the assigned
arrival times assigned to the third user terminal. The time epoch assigned to the
third user terminal is the same in each transmission cycle. However, the third
user terminal has no data to transmit in the second transmission cycle, and thus

there is no data to receive at the base station.



transm ssions fromthe user termnal at the assigned tine epoch because it
Is already receiving transm ssions fromthe user termnal. Additionally,

t he systgmf.] need to transnmt a new tinme epoch assi food 90 t NE USEr
term nal 1 zpﬁeosgg%r ation of a data block exceeds the dzlr%ailon 019 ?%e
transm ssion cycle. Simlarly, a secontBuser termnal transmts data bl ocks

224a-224c that arrive at the assigned arrival tines assigned to the second
user terni[pas2] Fheltimeenaementi240, t,ohetwesnsudedssiveioelepoely adsignadentstrray s | onger

than the duratign pof the transm ssion. .cycle. Simlar the tinme . epoch
assi gned tch) thg%gﬁgﬁa"‘%@%‘r’m}%gﬁ% m}ngnﬁﬂé’%eaﬁgmnfeﬁt é%%ﬂ%%‘ié‘?ﬂ%%&on
cycle. A thirdpskggon Rl BV syhchicHizdton 3l thetlonfikeradedaf 8 tBerltBRhinAL! | Ve at

the assigned arrival tinmes assigned to the third user termnal. The tine

epoch assi o the ,third.user termnal. is fhe. s I.,n each transm ssion
cyol 6. PouOS B i it A Dobfest eommieRon Sl A MY BRCHRHAR { he
second transm SgleQehtiorlyCandilert M i ﬁlﬁh@mhﬁi_FB& siAlafodRpoRAR a‘x‘@gﬁ:&eﬂt he base
station. WD 2005/ 088989 PCT/ US2005/ 008199 he tine increment 240, tb,

bet ween successaitbe basestationcthe misinguméinesnereppentecan e xaade gelativsly smallar i abl e.
The m ni num ti i ncre t 240 can.be.determ,ned based on the |evel of
synchroni zat i ogﬁ%ﬂmﬂ?g&gbm . ﬁ“ﬁfﬁl’?%nbﬁ@gqnl?ezti‘%ﬁﬁau@ 0?%? exanpl e,
in a wreless CoDMAIhH, 2RRIpEYS ERIPL, 4 CHifY, § Rhiph el 0lstehs, hied tHeNeSor BhR
stationary, and where no significant miltipath si gnal’ conponents are present
at the base st apthenincremenbohiimem time i ncrement can be nmade rel atively

smal|. For exanple, the mninumtime increment 240 can be the duration of
one CDMA [0084), o1t dasbodBmemts,Ahe uskr édthidsals Maf Bb Rfobild Or péitabie o2nd the |i ke,
or sone other increment of tine. |In other enbodinments, the user termnals

may be nobil e opubstantialyneltipath signabeempangnts may arpee #f the besgistationpdneuchs may

arrive at the base station., In.such ,.an.enbodi nen m_ni ti

i ncrement' may b&" W& %&fnfpgé}r‘eWW?WG%%H}WEE%%WWWRW&? onents
froma first useignifRiitmdkiphth cofdpoMéhtPRbAILfirsh@ser fBRIrANRCareive bafte theme of a
second user termnal. In the enbodi nent di scussed above where the arrival

time of each usassignedginivg) imetofe seeond uset terminalber nodulo D, there is a

chance for an undesired phenonenon
[0055] In the embodiment discussed above where the arrival time of each user is always

the same chip number modulo D, there is a chance for an undesired phenomenon
to occur. It can be analytically shown that data blocks that start in different time
epochs can have persistently different levels of interference. For example, in the
timing diagram example of Figure 2B, a substantial portion of the data block
transmission from the third user terminal, for example 226a, experiences no
other interference sources from other user terminals. The overall consequence is
a decrease in system capacity. One solution to this consequence is for the
wireless communication system to assign a time epoch to each user terminal that
changes every transmission cycle, or D number of chips. The continuous
permutation makes the interference more evenly distributed among epoch times.
The process of allocating the time epochs can be random, psendorandom, or can

follow a predetermined sequence or algorithm.

[0056] In a CDMA-Aloha channel, the receiver at the base station has no knowledge of
which user terminal is transmitting. Typically, the identity of the sender is only
uncovered after the information frame has been properly decoded. In an
embodiment where the user terminals only broadcast sporadically, the base

station is unable to determine who the sender was when there is a decoding



to occur. It can be analytically shown that data bl ocks that start in -
different tinme epochs can have persistently different |evels of ‘

i nterferegeodggogxanple, in the timng diagram exanpl@g9fshdiesRo2B, a
substantial portion of the data block transm ssion fromthe third user
terminal, for exanple 226a, experiencesldho other interference sources from
ot her user termnals. The overall consequence is a decrease in system
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times. The process of allocating the time epochs can be random

pseudor andom op peruser powersenirobloep.arrdnferm ¢t pargedarcusenef the fast fhahthere 1 n a

CDMA- Al oha chanpel,, the r I ve the base statian has.no.know e of
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ra

an enbodi nent where the user terninals only broadcast sporadically, the
base station i ysanpdwer coptrdloep ta mstrudh thetuser sonitel ravsmitidrdo indieaseits s a

decodi ng WO 200%/ 053%1?89 PC}thUF':SFZOOS/ 0(?8%99 q(ighr.or. th t he constrai ned
arrival time colffEFBOYV LIt Fansmutiad ¢ip amgnqf pemg comrectifIeeqi¥el. a5t he

know edge of which user termnal is transmtting the data block. If a
decodi ng dPP%H Eige $ isaibmetionadblogk dingrasa af greebedimenioof agysanisiteinal blQupdat e

a per user power nt [ |l oop..or informthe parti.cul ar .yser of t.he fact
that there hasc%lg{ﬁ%“gpi?é) ’éﬁ%ﬁnoas%o. ?‘F&V% ECIE%FCé'ﬁe Fretfai;mf)l a cl osed

| oop control  ofl10 bah b €r éxammipld) dhe b1 thS akdrtierBOM@s 1104& MOhShSH$in the
comuni catl on syst em can use a power contrpl |OOp to instruct the user

term nal transnebbediment phligarsle Only thase pagiens optheaisey termingl 10galeMintt ed dat a
are not being coriect received, i e i upct i bl.ock di agram of
an enbodi ment of®° e@glés?!’mt(g?cﬁésx]% mffﬁ"%%ﬁ%%ﬁﬁﬁ%@ %5&353]?%@01?1?”3 constrai ned

arrival tinme channel. The user termnal 110 can be, for exanple, one of the

user ternilA838 The gserdermingd 18 iraindes @ reqeiver 30D thnt ingonfigprediigpceive. Only

ore”shoan and. dCEAREK Ry ot dpe Gfmiebe stifors AdHefHv o) °T10° " ©
i ncludes a receidisgiissédh felition tE Fipary 1,4k RPeilvér 302GRAYEe configured to receive

the forward link transmission transmitied by a base station or may receive

forward link transmissions that are relayed by an intermediate element, such as a
satellite. The receiver 302 can be configured to receive data and instructions
from the wireless communication system. The instructions and associated data
may be transmitted using an overhead channel and can inclade parameters
relating to the time epoch assignment for the constrained arrival time channel.
Other user data may be transmitted over a traffic channel. Altematively, some
or all of the control data and instructions may be transmitted over the forward
link traffic channels.

[0059] The receiver 302 can direct the instructions and data received over the overhead
channels to the appropriate modules. The output of the receiver 302 can be
coupled to, for example. a sync module 310, a transmit timing module 320 and a

power control module 330.

[0060] The sync module 310 is configured to synchronize the timing reference of the
user terminal 110 with a time base of the wireless communication system. The

sync module 310 can be configured with the remaining modules of the user



forward |ink transm ssions fromone or nore base stations. As previously

di scussed in relation to Figure 1, the receiver 302 nay be configured to
receive {eh9sdedod |1 nk transmssion transmitted by a ﬂ@ﬁﬁsz‘é&s@ﬂoh%@ or may
receive forward link transm ssions that are relayed by an 1 nternedi ate

el enent, such as a satellite. The recelver 302 can be configured to receive
data and instructions fromthe wreless conmunicati on system The

i nstructi ons antermimbiiGtfedexiaipde, torayplomentthe synichtomgzatien tephaiques/ er head
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control data and instructions may be transmi d over the forward I7n
traffic channel be ondthe orderefyarbedethemone CDAA chim i nstructions and data
recei ved over the overhead channels to the appropriate nodul es. The out put

of the recpoyR" T8O &akdiit BfinEMERhRAB20 @an bOEorFigarddl t6 rectiviiie tifle@pbéh 310, a
transmt timng nodule 320 and a power control nodule 330. The sync nodul e

310 i s confi gur essignmeny anheantiol éet tremsmitrpathgvithin dhevgse tapminah & transmit 2 er ni nal
110 with a tinme ba f .the wreless co i 10on_system.. The nc nodul e
310 can be conf F@‘i?r?’i‘%f%ﬁtfﬁ%ﬁ%ﬁﬂﬁ&%ﬁ%%ﬁ?&%@%{%‘?ﬁ%?g%’“%‘@%/ 088989
PCT/ US2005/ 0081Gfthe abggrtdiahe dpkh, PénSenidifent! the 'u%ﬁérﬁﬂ@iﬁﬁn% RfRdule 320
synchroni zation techniques described in U 'S Patent Applicalion No.

10/ 428, 953. Therepives atithe epogh @ssignmenbprierdn eaghuragntissiqr ¢yelel dn another
predet erm ned syncht.oni | on_acgcurac i may. be one .t.he.order of, or
et tor t han. - onEmeBRN, the Sauear tnigshedit F2h i resits B8 Sutfindpeh

configured to raggitfent Bd b Bet@RAREMTuNAE it pBEH mwmwﬁéd ﬁﬂiﬁntdhﬁdﬁsm t

path within the user termnal to transmt a data block at a tinme that
al | ows the dat aptsidetekmined slgoridiuni Tbelpredetemaingd slgostham oy incledet he assi gned

ti me epoch. In gne .embqodi nent e fransmt timn dul.e 32 .eceives a
e ehooh” assi GTEREARREALphof B8 i REh tsslarfiehll TR Gtoren GhodiBhst

enbodi ment, t he tHd 436 Bafiort WA IATIEN SetdAfinSMe tRSGIo¢R abdignrhéhitd wsilg d | € epoch
assi gnnent and can determne future tine epoch assignnents based in part on

a predet er mi negomplgmentanyralgvtithnpr bodheembedinentsy dhe ramsmitiyminganedude
320 can be configured to receive the time epoch assignments on less frequent

intervals. The frequency may be periodic, such as once very predetermined
number of transmission cycles, or may be event based. An example of an event
based time epoch assignment is a reassignment of time epochs that coincide with

a change in the number of active user terminals accessing the channel.

[0062] The randomization or permutation of the time epoch assignments may be
determined at the base station and transmitted to the user terminal 110, or may
be determined by the transmit timing module 320, particularly if the time epoch

assignment is pseudorandom or deterministic.

[0063] The transmit timing module 320 may receive a chip assignment and modulus,
and may determine the time epoch assignment in conjunction with the sync
module 310. In other embodiments, the transmit timing module may receive a
time epoch assignment and may use a time offset determined by the sync
module in which the data block needs to be transmitted in order to arrive at the
base station at the assigned time epoch. The transmit timing module 320 may

receive other types of timing information in other embodiments.



pseudor andom zation of the tinme epoch assignnments. In such an enbodi nent,
the base station would simlarly determne the tinme epoch assignnents using
a conpl gBRhRIsAbgorithm In other enbodinents, the t@%Qﬁﬁh&}%&ﬂbﬁg nodul e
320 can be conflgured to receive the tinme epoch assignnents on | ess frequent
intervals. The frequency may be perlodi@, such as once very predeterm ned

nunber of transm ssion CéC| es, may be event based. An exanple of an event

based ti ni80&fjodhe pey n’-ioﬂuk ﬁ@&%b@)?ﬁﬁ,ﬁﬁﬂﬂtotm%@%%msmﬁ@r 3%%i nci de
with a change_in_the f hannel .
The random zat f'%cﬂm re %ygrrql}?ﬁ{{g O%géwﬂeﬁb?{gﬁ%hgﬁ%lc assi %?@%@%ﬂ;réagggf

det erm ned at Hbﬁem:me &mﬁtmupb\ﬁa%a&erda@mtbhaqmwbﬁﬂ:dl%iynalleéﬁvmh al10, or
may be determined by the transmt timng nodule 320, particularly if the
ti me epoch as@%ﬁ%ﬁﬁkF@n@@B@a@%ndom or deterministic. The transmit
timng nodule 320 may receive a chip assignnent and nodul us, and may

det er m nef0068] Thetraganit datagatiofortRiusertetninpliliOtdan inckadea datwbﬁﬂmmrmdul e
310. In other enbodinents, the transmit tim nq:@rrrlodul e may receive a

epoch assi gnme#hat sfrenfigyredde storq thadatgthasis toheiteansmifted to tbree stpfien. rmdul ein
whi ch the dat t the b
vl oh <. dat 2 Hb a8l ARG ool SANELE Al AR, Bt ispgt he  base
recei ve ot her typasnitted o%ﬂﬂllge\dem‘eomhmﬂdqmyﬁn@hé:teﬁoﬁimbmmwufé&

2005/ 088989 PCT/ U82005/ 008199 The power control npdul e 330 can_be
configured to KPEhowR). tﬁ@qspawgmn@kHﬂrswve%ﬁ%tahhckwme&atadmfﬁﬁa power
anplifier 352 LbiLAge 61{1&%{&%%&’5?3 P&Pto'J@fﬁ%ﬁuﬁfcréqgcﬁﬁé‘ﬁ%aﬁ)ib%ktransmt
power based in part on a power con nal recelve orward |

communi cati on. caﬂh@sﬂemﬂtmméaetmﬁedfsetoﬂdmhbek sized, ot nay bé dedan incl ude
a data buffer 340 that is configured to store the data that is to be

transmtted tobﬁsr?é%%a@f)ﬂmﬂfﬁia a that dhejuser tegmimal h1Q wirbes rransmita@ld over head
signaling and eacotlﬂﬁﬁatio?: et erﬁ:ﬁ%?%(f)@tckt EL@ gfs‘neﬁ.f) %aﬁ?o\ﬁ‘ﬁ Sfdatd Nk, and

may origi nate m one or nore sources e user erm nhal 110
retrieves a datt«ab@hmdsn&edzmthe data buffer 340 and communi cates the data
bl ock to a data npdul ator 342. The data bl ock can be selected froma

predet er mioges] T8k alfa HhiatBt 98K e et onfifliredBYmbB&uliledfdata contained within
the retrieved data block. The data modulator 342 can be configured, for

example, to direct sequence spread the data bits with a predetermined code
sequence. The data modulator 342 may use a code generated by a LFSR within
the data modulator 342 or may select a code from a predetermined number of
codes stored or generated in the user terminal 110. The data modulator 342 can
be directed to use a particular code based on an instruction or control signal

received from the base station by the receiver 302.

[0067] The modulated data is provided to a teansmitter 350 that is configured to
transmit the signal at a time that is determined to include a time offset that
compensates for a propagation delay. The modulated data block is thus

configured to arrive at the base station at the assigned time epoch.

{0068] A processor 360 in conjunction with processor usable instructions stored in an
associated memory 362 can be configured to perform portions or all of one or
more of the modules of the user terminal. For example, some or all of the
functions of the transmit timing module 320 may be stored as software within
memory 362 that 1s executed by the processor 360.



based on the anpbunt of data that the user termnal 110 wishes to transmt,
or nmay be a conbination of predeterm ned bl ock sizes based on an anobunt of

data to ltted. The data nodul ator 342 can be ‘I%)l[}{{ o]

nodul at e %eioé%@%&nt ained within the retrieved data blocC $ﬁ%@g1j§ta
nodul at or 342 can be configured, for é%anple, to direct sequence spread the
data bits with a predeterm ned code sequence. The data nodul ator 342 may
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code based on ggirgdt Oy tiae portivAHbf 1L badedfion 120aEdt \wesireldvans tb s base
station by the receiver 302. The nodul ated data is provided to a
transnitter 35@reseatdipdonsnpieshown anddeserbgkior thaske ef¢adly. at a tine that is
determned to include a tine offset that conpensates for a propagation

del ay. Thiporop Uiritase statich 120k ihcludduSanalo@rbedusratodude 402 theeisat t he base
station at the assigned time epoch. A processor 360 in_conjunction with
processor usablcenfigied iR raceive signals bepaeashon 2 sUKlo aacess {o b 88n be

fi d . : ' : I f th
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timng nodul e 3REIIBFODEarsdIsy Bcordighiel tyvisceivaisighals broadmstyyn3e? that is
executed by the processor, 360. WO 2005/ 088989 PCT/ US2005/ 008199 Figure 4
i s a functi onalcoBstinedarayldimashaancle Fbe anwahe! e analpg seceivienmogwe 489~ whi ch

may be the bas | - \Ad | | .system shown in
Figure 1. Onl yectaﬁtggtgb%#ﬁéélg%ﬁa!ﬁﬁzosrgﬂsﬁggp%%ﬂﬁﬁ%gﬁﬁ%at are relevant to
the present disclosure_ are shown and_descrjbed for the sake of clarity.

The base 031} crhebase station san inelade s RAKE rgeiveceuplad tadka pwr@f thenat i s

configured t0 BEREYECHNG AURIPIQAMIHARE rdhehRP HNRREESSARARNGhH L0 Set up
the active sessioff on e constral ned arriva I me channel . e anal 0g
recei ver nodultkat4onfipmreal, $6r dxemplenfd ghirch dort the seargestcofPogmtibBy vedicast on

the constrained arrival tinme channel. The out put of the anal og receiver
modul e 402 cardnW@paissignalsaayips drom yparticulss yentermpal s ke segrrbat 410 Ba%ssi ng.

assign a first multipath signal to a first finger 412 and may assign a second
multipath signal to a second finger 414. Although only two fingers 412 and 414
are shown, any number of fingers may be implemented in a RAKE receiver.

The searcher 410 may be configured to search for transmission from a particular
user terminal depending on the timing. Because each user terminal in the
constrained arrival time channel is assigned a time epoch for arrival, the searcher
410 can be configured to search for transmission from the associated user
terminal in a time window that encompasses the assigned time epoch.

Therefore, for each time epoch, the searcher 410 has knowledge of the usér
terminal assigned to that time epoch.

[0072] Each finger 412 and 414 demodulates the multipath signal assigned to it, for
example, by dispreading the signal with a corresponding code. The signal
outputs from the various fingers 412 and 414 can be coupled to a combiner 420
where the multipath signals are time aligned and coherently summed. In
embodiments where the multipath signals are largely absent, such as where
stationary user terminals transmit to a satellite relay station, a RAKE receiver

having multiple fingers, 412 and 414, and associated combiner 420 may be



The base station can include a RAKE receiver coupled to the output of the
anal og recei ver nodul e 402. The RAKE receiver can include a searcher 410

that is ¢ ' for exanple, to search for the strongest of potentially
sever al &E‘;%@%&&%S%l gnhals arriving froma particular us FT@é?W’ﬁ%ﬁl?g The

searcher 410 may assign a first multipagh signal to a first finger 412 and
may assign a second nultipath signal to a second finger 414. Al though only

two fingers 412 mfitted.1thstedd a sifigléPeceRYpathibiibialedt td 4 SiagleTingBYthREpdrfophs ment ed
in a RAKE receiver. The searcher 410 may be configured to search for

transm ssion frdewghisgend demadulatieremay g B§adal dependi ng on the timing.
Because each user terminal in the constrained arrival tine channel is

assi gned afgo78E Heaipdtof tiRrdombader 420 earsbacmiptid to4aseband peocessof 430ured to
search for transm ssion fromthe associated user terminal in a tine w ndow

t hat enconpassesthehasehasd grrcgssor A0 mgy eonplaFrdewnbpeationsel thadetate aBSEpoch,
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epoch. Each fi ates I pat h gnal assigned to

it, for exanpl evetheadsignsie asladgiacibied contgilahoddsh a correspondi ng code. The
signal outputs fromthe various fingers 412 and 414 can be coupled to a
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as where stati afeerintseduraionofNht rahdnaisdon tydl€@ Therighdission dyeleatodifl@t i on, a

RAKE receiver having nultiple fingers, 412 and 414, and associ ated conbi ner
420 may be WO 2089 p@pddernpnga apaysyionencds for example hased pgasuunbes ofi ngl e

receive path equj . | |: . f ear chi ng and
denodul ati on m%‘é@%gﬁ&ﬁ’iﬁﬂ%ﬁéﬁ%w@ﬁ&o ?’ﬁéeers%f%l 1czgi)h be coupled to a
baseband processor 430. The baseband processor 430 may coupl e rel evant
portions of007Rk Hhacwnirgl mogdides canplio walydm e tmehoundyy spedple ‘lfﬁ)e‘hﬁefééﬁand
processor- 430 BLEEAL 2% ' Stirth Q0 at: ontrol
nodul es. The g?épgg?&glrirg%g%es cgﬁ%ﬁ%c %‘gmaa?@ge%%ﬁg@y onggﬁrﬁg rfa%%} edc440
configured to detagraniicutaraiseitembingln Tk tinfechbduhdasmhedileasEyadl also behe

transm ssion cycle _nodule 440 nay determ ne a_transm ssion, cycle, for

exanpl e, based dPnigwigae perdprm the time epoch randomization or permutation’that 1s used
to more evenly distribute the effects of interference across all of the user
terminals. The time boundary module 450 can be configured to communicate
the time epoch assignments to the processor 470, baseband processor 430, and

searcher 410.

[0076] The control modules can include a power control module 460 that forms a part
of a power control loop. The power control module 460 can determine if the
transmit power for a particular user terminal is to be increased or decreased. For
example, the baseband processor 430 can determine if the data received
corresponding to a time of arrival assigned to a particular user terminal is
corrupted. The base station 120 may then transmit a message requesting
retransmission of the data. Additionally, the baseband processor 430 may
commmunicate the inability to recover the data to the power control module 460
such that the power control module 460 can generate a control message to the
user terminal to instruct the user terminal to increase its transmit power. Such a
power control loop is not possible in a random access channel, such as an Aloha
chamiel, because the receiver has no information regarding which user terminals
are attempting to transmit data, and such are unable to determine which user

terminals are the originators if collisions result in loss or corruption of data.



active user termnals in communication with the base station 120. The
control nodules can also include a tine boundary nodul e 450 that. can be
configureQY Qoodfobfkd ne a time epoch that represents the,ti % i val
assi gned (I’) agfggr ?glncul ar user termnal. The tine bounda?é*}r@%ﬂﬁ ’3&2@0 can
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that is used to nore evenly distribute the effects of interference across

all of the user Cdmverselatie badéband prozeorddphyy derdihite 450 ticarcdieddutd | gur ed
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[0078] The modnulated signal is coupled to a transmitter 490 that is configured to
provide the forward link signals to the various user terminals. A processor 470
in conjunction with processor usable instructions stored in an associated memory
472 can be configured to perform portions or all of one or more of the modules
of the base station 120.

[0079] Figure 5 is a flowchart of an embodiment of a method 500 of allocating a
constrained arrival time channel. The method 500 can be implemented for
example, by the base station shown in Figure 1 or Figure 4.

[0080] The method 500 begins at block 502 when the base station receives a request
from a user terminal for channel access. The base station may receive the
request from a user terminal, for example, over a CDMA Aloha random access
channel that is provided for overhead signaling and communication. The request

initiates an active session over the constrained arrival channel.

[0081] The base station proceeds to block 510 and synchronizes the user terminal so
that the user terminal and base station are synchronized to the same time base.
In one embodiment, the user terminal is synchronized with the base station time

reference to an accuracy of better than one CDMA chip.



rate, a bit error rate or a synbol error rate. The output of the power
control nodule 460 as well as the outputs fromthe transm ssion cycle

nodul e 440wados/dsleset | Me boundary nodul e 450 can be COUplPﬁéﬁ%} (%Or(;?lgbul at or
482. The nodul ator 482 is also coupled to a data buffer A% used to
store the data that is to be transnitté¥ to each of the user termnals over
the forward |link channels. The nodul ator 482 can nodul ate each of the
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signals fromt hg%a%l%&%%&{s %? {OAS %ﬂtgf%ﬂlgxhﬂwmdm at ed
signal is coupled to a transm |s con ure provi de the

forward Iink si gafdmiséion bjmﬂe Yepiésents ﬂmﬁaﬁmbameémmﬁmﬂssﬁmsﬁﬁ&mn n
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shown in Figure 1 or ure 4. The met hod 500 be |ns t block 502 when the
base station re@@ibi?é’én A, gnwaEber of tigg epophse pr te va} boundpaaein i caiial ess |

The base statio rSﬂdiﬁzfi Egsjﬁlggém exanpl e,
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signaling and cmrﬁennmﬁhummméﬁmeretmumaluphwbyﬂaetmmoﬁaénvemsaesm on over

t he constrai ned rri v channﬁ_l The base st at eggp‘g‘ﬁg?:)ﬁeeds to bl ock 510 and
K
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The base station then pro%eed to bl oclg 520, a‘erd det erm nes, t he transm ssion
cycle for the c&MiFauedde bs atlegsysomp pre mipigmyg SARFHSHOREYAE e | ¢ he
transm ssion cyglgy Bﬁpresents the duration between two consecutive

transm ssion arrival tinmes for a particular user termnal. As described

earlier, t t m Ssi on cle ¢ nbe e dbsed on nmber of
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assign to the user terminal. The arrival time assigned to a particular user
terminal may be determined based in part on arrival times assigned to other user
terminals. The arrival times may differ by as little as one CDMA chip, or a
multiple of chips. In one embodiment, the base station can assign the earliest

available arrival time to the user terminal.

{0084] Afier determining the arrival time to assign to the user terminal, the base station
proceeds to decision block 530 to determine if the time of arrival previously
determined represents the initial assignment for the user terminal. There is the
possibility of uneven interference for different users assigned to different arrival
times if the assigned arrival times are periodic. Thus, if the arrival time does not
represents the initial arrival tie determination, the base station proceeds to block
532 and randomizes the arrival time assignment. The base station may
randomize the arrival time assignment and communicate the randomized value
to the user terminal. In another embodiment, the base station and user terminal
may individually determine the time of arrival based on a predetermined
function after the base station communicates the initial time assignment to the

user terminal. The base station then proceeds to block 540.



term nals, or can be independent of the nunber of active user termnals. In
one enbodi nent, the nunber of tinme epochs, or time of arrival boundaries,

i s equal 0 nber of active user termnals, and t m ssi on
cycle is Q}Mbg&@gﬁt he mninumtinme increnent nultipli e%&%ggfﬁr?gfn%er of
active users. In other enbodi ments, th@ltransm ssion cycle can be a fixed
duration. Other enbodinents nmay use a conbi nation of techni ques. For

exanpl e, t[0685]i Returvingdd desisionbldek 5B6.SE theanrdl éimeaskignment ia del firet argesl

termnals but can be furfhe constrained to be at |east .sope ptedeterm ned
i i & ansm SeRSEl © the R il e HatEea e AL e ARBELEHE 1 o

bl ock 522 and deglgfHEHAES sthiién A 'y&ge&mﬂg%b@gﬁgg@_ to the user termnal.

The arrival time assigned to ag rticular User termnal nay be determ ned

based in p 0 rj | res signed to other .user.. termng]s. The
arrival o RBeldy Black 52 the B oneletmings R cofsABRf o SHERB BRI ol e o
chips. In one eqhahdleThe bhfStiRnenS) Abigh A ERTteASRIIS BhiriR] RARS LRS! ,
avai lable arrival time to the user termnal. After determning the arrival

time to assign terntihad eachetransorissioradycle thallpwseultplgtusenierminels deuse thesavei si on
bl ock 530 to determne.if e.t] of arrival, prgviousl det erm ned
represents the i%ﬁ?%@%@shhaﬂmﬁ?%’?mﬁh% oﬁg‘éqestli‘eﬁ%tﬁ‘ﬁo. Iyeﬁi}ll‘(‘écr ®is the
possibility of ypgyeRitydFfe rBEQRGIn IRbaSE éthifsie Th JdRLehbRaRh@RE €l ugerdi f f er ent
arrival times if the assigned arrival tines are periodic. Thus, if the

arrival tinme dodégminals usethe swpacedednd siepisd0ahn be pmittdd.t i e det erni nation, the
base station proceeds to block 532 and random zes the arrival tinme

assi gnment pogte 1R basesdtaidnPtotdis td BBEOSRE® dolifndfidaty e tiohd®f aged1gnnent  and
comruni cate the random zed value to the user termnal. |In another

enbodi nent, t he apsgmnentie thernsanigrminel. Koserample, thehgse station cdn goignugisatsr i ne

the tine of arriyal .based on,a predet.er,mi ned ,.function.after.the base
station conmmuni éléﬁ%pgvglhstgn?ﬁq egFerﬁFl?ﬁE}n%@gism OY%tﬁ%@rwﬂr:ael}"&? erm nal. The
base station then proceeds to bl ock 540. WO 2005/ 088989 PCT/ US2005/ 008199
Ret ur ni ng 0988k Afiar sammumigating the arfivaliimesssigoaient, thedage spempreceadsta he fir st
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use the same code assignment, the base station does not need to transmit the

code assignment to the user terminal.

[0089] The base station proceeds to decision block 560 and determines if the base
station receiver has received a termination message from the user terminal. The
user terminal may transmit a termination message to indicate a termination of an

active session.

[0090] If the base station receives the termination message, the base station proceeds to
block 570 and the method 500 is done for the user station. Returning to decision
block 560, if the base station receiver does not receive a termination message,
the base station may conclude that the session remains active. The base station
may then return to block 510 to maintain synchronization with the user terminal
and to determine the next arrival time to assign to the user terminal. The base
station may determine an arrival time each transmission cycle, or may determine
an arrival time less frequently. For example, the base station may re-determine
an arrival time if the number of active users changes. In other embodiments, the
base station may re-determine arrival times after a predetermined number of

transmission cycles. Other embodiments may use still other methods.



In bl ock 540, the base station determ nes a code channel to assign to the
user termnal. The base station may assign a different code channel to the
user term transm ssion cycle to allow nultiple Lnals to
use the s;%ng%ogfiﬁgrféggof arrival. Typically, the nunber of gg?i@éztfoglﬁ |£rf?t ed to
reduce the conplexity of the receiver i22 the base station. In other

enbodi nents, all user termnals use the sane code and step 540 can be
omtted. [0991bdSgurettas adlowshat efats embodiinenkoffiGethod 600 fioperating dviseat i ne of

arrival assignnent _to fhe er termmnal. F | e, the base.station can
conmuni cat e thé’oaftfmar{’?’%}‘?%d{aﬂﬁelugi‘? W%ﬁ?ﬂe@mwb% geRghd9er ¢ he
forward link.  Aihfifh]ld WHRH O ritéte OR theAlsEl téAhinkls T8 FaRé Q?Eg{%ﬂ#re 3,he base

station proceeds to  block 552 and conmunicates the code el assignnent.

If all use .nal s he s 0 SSi gnnen t he base, station does
not need t LOGP?L%I‘R If‘eq]ﬂ‘g gs%%%@“a%g?%c%rﬂﬁtwatﬁ} tﬁehgsea gd&mnai AP 8 SISt p s e
statlon IOFOceedsfoic@h&ﬁ@l‘&b&@j@ﬁ@%@ﬁ&i&ﬂmﬁ%ﬁhiﬁﬁlmﬁyhﬁﬁsﬁﬁﬁﬁ station
recei ver has received a term nation nessage fromthe user termnal. The
user term nal nayqueshfemixemple, everatandan acesssovpshead chamtiet af thebasestationat i on
of an active session. |f the base station receives the term nation

nessage, t [(H9BRSEheiseE lePiindl HO6&MS td Block bPB kndsiRcRiddiZed ithRhd e 3dlon s done

for the user station. Returning to decision block 560, if the base station
recei ver does nde esteblishecommen fingseferamcereButing the syhchrorigationt raecass thewy

concl ude that the ssion remains. actiye .The.base station,. may then return
Co bl ock 510 t o Whet il wpRaReRTiRs 3 ofiferif iph 5, e BPa d RmdeiiHle | o
determ ne the negst apfdpayaionidelsy. to assign to the user terminal. The base
station may determ ne an arrival tinme each transm ssion cycle, or may

determ ne r4i val fine ss_fireq For ex | he se.station
may 1 o ot KRR CTeRer el 5pEcqdh RFHBRE 510 il AT B BB Ges "
ot her enbodi nentthe titdeef aBRGE assigimepf Tﬁduie?tdﬁ@irﬁﬁ@p‘i&#g&éde%htﬁdiﬁﬁﬁlafter a
predet ermi ned nunber of transm ssion cycles. O her enbodi nents nmay use

still other net Hibeof wovalrssgosewdomrtr hase siotiom oHewever, subseguert tBngssofy
flowhart of an g diment. of a h 600 qf erating gQver a constrained
arrival tine chaﬂﬁg@.marlgﬁ%e W@?ﬂ%ﬁé}%@o&ggﬁ‘%ﬁe@q}yﬁggﬁﬁﬁ w',"ﬁf §Pr SraniK] 3

user terminal may receive a time assignment in terms of chip durations modulo a

——

number of active user terminals. The user terminal can then continue to
determine its time of arrival assignment unless there is a change in the
assignment or a change in the number of active user terminals. In another
embodiment, the user terminal may receive a time of arrival assignment and may

determine subsequent times of arrival based on a predetermined function.

[0095] After receiving or determining the time of arrival assignment, the user terminal
proceeds to block 630 and receives or otherwise determines a code assignment.
In systems where the user terminals may use more than one code, the base
station may, for example, determine the code channel based on the time of
arrival assignment. In other embodiments, the user terminals may all use the

same code and may not be assigned a code.

[0096] After determining the code, the user terminal proceeds to block 640 and
transmits data timed to arrive at the base station at the assigned arrival time. The
user terminal transmits the data at a time prior to the assigned time of arrival to

compensate for the propagation delay from the user terminal to the base station.



exanple, within one or nore of the user termnals of Figure 1 or Figure 3.
The nmet hod 600 begins at bl ock 602 when the user term nal transm’ts a
request fvﬁiz&%%ﬁ‘é access to the base station. The usep %gog}gd

transmt the Trequest, for exanple, over a random access over ead C annel of
the base station. The user termnal pr@deeds to block 610 and synchroni zes
with the base station to establish a comon tinme reference. During the
synchr oni z109%h Theasesterminabmay beffertdatathatal torheytmhsnﬁtted whilewaitinigdet its n

timng that can be used to c.o ensat e 0 gatign del.ay. The user
termnal proceed$SB¥ TRPORIBYY) %ﬁﬁﬂ‘%éﬁl\?é’éﬂ& g’@ dEFIEYSAOMEOT { he

time of arrival gas@dtiired TS aif Rundfi tela Mﬂﬁ@lﬂeydaiae&ﬁ\r%secﬁ thd sk i ti al

time of arrival assignment fromthe base station. However sequent tines
of arrival nay stetionriegipaingsitthy askigned timsarf abyvalhFhessar td:mnmlmﬂybeFor

exanpl e, the wuser_tern aI receiv ass .0t of chip
dur ati ons nodul cFOHﬁg‘Fﬁﬁij nﬁgéﬁtﬁé’eo%ﬁaﬁ%&ﬁ? %‘9 ﬁgﬁm%m nal can
then continue tq;,ed6i8hay E@cd&@lﬁddrf@ g@ﬁerﬁé %'v!ﬁbblé%&ﬂamzeu Mieftaldagre is a

change in the assi gnnerit or a chang€ I n the number of actlve user
terminals. In arhﬁdmeodedemhlgihﬂamgneﬂIaeda.lmchmayrbmgtnmayd nsingifoeexanipleye of
arrival assignnent, m ne quent tinmes of arrival based on a
predet erm ned f "PF%}%E’%%EBE “determining the tine of arrival
assignment, the user termnal roceeds to block 630 and receives or

ot herwi se {098} nfietranswitting atg, thentser tetminglproeseds dhdeassiomblocls 650 srel i nal s

th t at det
Tht code channlSERRSant At relBaeh R PpreBR ol e qopFaiRed AP abe

embodi ment's, t heHamed ah&féﬂnﬂ?ététh@%n@ desé:@r? Tehst, ﬂ%&%&aﬁ%a%bﬂ&é be
assigned a code After determning the code, the user termnal proceeds to

bl ock 640 and ttodikiGld a@dtcanlunueedpﬁratlrgwev&lmhanml base station at the
assigned arrival time. The wuser terminal transmts the data at a tine prior
to the assy (IB%P Rét[ﬁ%n@ to%fe&:sib@a'bl&ék 6500ITRIRNERE RrkBlal HASRhePRGEhE Rktivde! ay
fromthe user term nal the base station. WO 2005/088989 PCT/ US2005/ 008199
The user term naﬂesmmylsmbfbe&rHMGd andaaccéss ta thelsenstraznedranival dinwhihasnelai t i ng
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message to the base station. In one embodiment, the user terminal transmits the

termination message over the random access overhead channel used by the user
terminal for the initial channel access request. In another embodiment, the
termination message can be included with the data transmitted over the
constrained arrival time channel, After transmitting the termination message,

the nser terminal proceeds to block 660 and the method 600 is done.

[0100] Figure 7 is a flowchart of an embodiment of a method 700 of receiving a signal
from a tie constrained channel. The method 700 can be implemented, for
example, within the base station of Figure 4. The method 700 begins at block
710 where the base station receives, over the constrained arrival time channel,
transmissions from at least one active user terminal and typically from a
plurality of active user terminals. The base station proceeds to block 720 and
determines an arrival time assignment for a particular user terminal from the
plurality of active user terminals. The base station then proceeds to block 730
and searches for transmissions from the user in a time window that overlaps the
arrival time assigned to the user terminal. The base station may receive multiple

transmissions modulated with the same code. However, typically each of the



all of the buffered data and transmt the data such that the data arrives at
the base station beginning at the assigned tinme of arrival. The user

term nal m@H s figured to generate data in one of a I ned
nunber of data g?ggggl? sizes, or may be configured to gene%ﬁg&taoa{‘;@bﬁgbl e
data bl ock size. The data can be encodédl usi ng the assigned code, which may
be generated using, for exanple, a Linear Feedback Shift Register (LFSR).
After transnitt itrgsmissiopgiseconfigured fxhaveardistingt arpivaktine gssignnepméi Thon bl ock

650 and determp L f .1 | ' ' P"H L on.of t constrai ned
arrival tinme cﬁ%ﬁ%e tsé#t?lststg{rignarnar{ugd“hgéﬂa% | vegs"'ls@s%fsf%rg%&“ﬁ?s' r@ﬁ",e a?ﬂgehuser
term nal proceedindaekalldcatdd|ia éhcrédéhtaonbr widh therSs epfficivht dYssoereldtion
channel. Returning to decision block 650, if the user terninal determ nes

that the active prepestigssd thacads, Be basersigtiontcen regayertbe Fgasmpigsiom 08NSt r ai ned

arrival time ch 'Q%j’ ' roceeds to bl ock 652
and transmts a%ﬁmaﬁg’l Jf]Jotn @g@%eeﬁrp%n#%gftgéggh%ﬁ%?l n. I n one enbodi nent,
the user terminal transmts the termnatiqgn nessage over the _random access

over head cifdffHe|Thegidsslasyre onilingsercongteringdrumival dime ¢honpelithatepn ehmingta haccess
request. |n anotfigy fo?%%ge%ﬂfbe{ ﬁf;&de& ér@ngéghgﬁﬁrﬁg\?}}gﬁgﬁ{ﬁ@&, Q/ﬁilé Q@Wded

with the data transmtted over constral ne I'me’ chann After

transmtting theametimewbstantisBsdingfatingtheprobabilityesfdoligdionsl Qceidlss o bl ock
660 and the nethod 600 is done. Figure 7 Is a flowhart of an enbodi nent of

a method 700 of “PEWEINGAHGnSYHemcap implemgnithe chanpelasmag ofdbe wretsplnk The

met hod 700 can ' 1 .1 bl ' f
Frgure 4. The moimais ERRs etk ucf Kaiiiads o 4 dhide b ARG THErdle?
receives, over til¢hedmns statiomedh by substantiallygimplifei icausetthananba wif oodest r om at
| east one active useerdiaé)erm nal, and typically froma plurality of active
user terminals. ST¥EneLior eaghaarriyel tingissedysed.o bl ock 720 and determines an
arrival tinme assignnent for a particular user termnal fromthe plurality
of active [(d462] tRerstapalo$ a nidiikod) paeess] ait dlgorithinadesqritedds dendeotital witk the30  and
searches for transm ssiong fromthe user in_a tinme wndow that overlaps the

arrival tine as dunends diselogrdhersip may bg embedied ety nhardwargelp & ecei ve
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various steps or acts in a method or process may be performed in the order

shown, or may be performed in another order.

[0103] A software module may reside in RAM memory, flash memory, non-volatile
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of storage medium known
in the art. An exemplary storage medium is coupled to the processor such the
processor can read information from, and write information to, the storage
medium. In the alternative, the storage medium may be integral to the processor.
Further, the various methods may be performed in the order shown in the
embodiments or may be performed using a modified order of steps,
Additionally, one or more process or method steps may be omitted or one or
more process or method steps may be added to the methods and processes. An
additional step, block, or action may be added in the beginning, end, or

intervening existing elements of the methods and processes.

[0104] The above description of the disclosed embodiments is provided to enable any
person of ordinary skill in the art to make or use the disclosure. Various
modifications to these embodiments will be readily apparent to those of ordinary



transm ssions is configured to have a distinct arrival tine assignnent. The
different signals thus are nodul ated at starting at different tines. If the
arrival ' |l ocated in increments over which t ' joCi ent
Cross cor&%1%@?@%§&€roperties of the code, the base sta?ﬁ%ﬁmggﬁﬁy%%%ver t he
transm ssion froma particular user teRfinal in the presence of the other
signals. The disclosure outlines a constrained arrival tinme channel that
can elim nate tRgill indlesart, and ¢hd gangrc ptindiples défireddescimalydieappléedmpl dthieti ng t he
receiver, while at the sanme tinme substantially elimnatin he probability
of collisions. AmhcrEnetswithoytdspariag frgm 9§E1§\Flr‘?¥:%?ﬁp?ﬁg\5"@réﬁi°sﬁ?e T&nnel as

part of the revefsgsd eis%io@ﬂﬁéﬂdé&t@ﬁéﬁ@?ﬂéd%%ieﬁibﬁdﬂﬁéﬁsﬁ%g}ﬂ igbad a

si ngl e base station. e recelver int pase station can substantial ly
sinplified becaust teecondadthe willestadss consistenteith therpremiplescandinesél tine is
reduced. The steps of. n%h%%d’ process, or algorithmdescribed in
connecti on mﬁth‘%ﬁ%ﬁﬁéﬁ%%ﬁﬁ 8- di scl osed herein may be enbodied directly
in hardware, in a software nodul e executed by a processor, or in a

conbi nati on of tWHATAKS CLABMEDRIS:ous steps or acts in a nethod or process
may be perforned in the order shown, or may be performed in another order.
A software nodul e nmay reside in RAM nenory, flash nenory, non-volatile
menory, ROM nenory, EPROM nenory, EEPROM nenory, registers, hard disk, a
renovabl e di sk, a CD-ROM or any other form of storage nmediumknown in the
art. An exenplary storage nediumis coupled to the processor such the
processor can read information from and wite information to, the storage
medium In the alternative, the storage nedium may be integral to the
processor. Further, the various nethods nmay be perfornmed in the order shown
in the enbodinents or may be perfoned using a nodified order of steps.

Addi tionally, one or nore process or nethod steps nmay be omtted or one or
nore process or nethod steps may be added to the nmethods and processes. An
addi tional step, block, or action nay be added in the beginning, end, or
intervening existing elenments of the nethods and processes. The above
description of the disclosed enbodinents is provided to enable any person
of ordinary skill in the art to nake or use the disclosure. Various

nodi fications to these enbodi nents will be readily apparent to those of

ordi nary




WD 2005/ 088989 PCT/ US2005/ 008199 skill in the art, and the generic
principles defined herein may be applied to other enbodinents w thout
departing fromthe spirit or scope of the disclosure. Thus, the disclosure
is not intended to be linmted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the principles and novel features
di scl osetholieidin. WHAT IS CLAIMED |I'S: WO 2005x88989 PCT/ US26m/s06Sd®99
CLAIM5 1. A nethod of allocating access to a channel, the nethod
conprising: determning a transm ssion cycle timng; determning a tine of
arrival within the transm ssion cycl eCIHAIMISNg to assign to a user term nal
froma plurality of active user termnals; determning a single code

di vi si 6n nuAtticpogofatiecsting al @BV cloth the giethed ogedsingy a plurality of active
user ter mf{alSnindinlheiatdd ddge;t he tinme of arrival and the CDVA code to
the user termnal, the user term nhal commences transmi ssion to coincide
with the tidfsmpings rwsﬂmvé withipdhe HapSTiHion FYole| AT 19 assigh@R@re pigal fipRa of
arrival ocqumﬂmaﬁmungwar&hmﬁmper|od in which at | east one addltlonal user

t erm nal fr m t he ural ity .af uer ter ans t hod
of ol o m 1 4 e ReHERn dhaSn MR e (DR oot RO el e 0 BE covm
chip of a ttBMaIsodndarrl val assigned to an additional user term nal from t he

plurality qranrmr%@r@ﬁm &%ﬁar id fhk 8RR ae Bhe 1S rt%%ﬁ?‘&f{ﬁ&ﬂé} fnaiGhifineds:

wherein the tine arrival occurs at eas om a near est
time of artydwgisionssiogaidevitothatimeef@mivilonal user termnal. 5. The nethod of
claim1, wherein the tine of arrival occurs at substantlally t he sane
p05|t|on reIatlvet .a |nn|n of. the transm ssion cycl 6. The
ot hod Jof Gl GRS oL biCe R s AL CLPSiT: Ly B & s Rt Aoty el seing

dur ati on t haatditibrial mromrnhllfmﬂﬁﬂae plarality oflisdr adriningls Rtra@m@A chip. 7. The net hod
of claim®6, wherein determning the tine of arrival conprises determning a
CDMA chip nunber nodul o a nunber of chips in the transm ssion cycle timnmng.
S. The 3nmet How msfhod dimiaim 1, whedaiaytleitimetoRiarival eqeurnivithin epproyipmitedy ane FPNG: dipppe fimes a

duration prd}g@fvﬁlia&%ﬂéd th & Aditional user terminal from the plurality of user terminals is transmitting.

4. The method of claim 1, wherein the time of arrival occurs at least one CDMA chip from a nearest time of

arrival assigned to an additional user terminal.

5. The method of claim 1, wherein the time of arrival occurs at substantially the same position

relative to a beginning of the transmission cycle timing.

6. The method of claim 1, wherein the transmission cycle timing comprises a duration that is proportional to a
duration of a CDMA chip.
7. The method of claim 6, wherein determining the time of arrival comprises determining a CDMA chip

number modulo a number of chips in the transmission cycle timing.

8. The method of claim 1, wherein the transmission cycle timing comprises a duration proportional to a

number of active user terminals,

9. The method of claim 1, wherein the transmission cycle timing comprises a fixed duration.



nunber of active user termnals. 9. The nethod of claim1l1l, wherein the
transm ssion cycle timng conprises a fixed duration. W 2005/088989

PCTI US2005/ 008199 10. The method of claim1, further conprising

randomi zing the tinme of arrival within the transmission cycle timing. 11. A
met hod of allocating access to a channel, the nmethod conprising: receiving a
requestyd Qis .@RH§LSS to the channel froma user term nal; symelsmnsssnRg a
time base with the user terminal; determining a transm ssion cycle timng
having a duration proportional to a CDWA chip duration; determning a tine
of arrival occurring at a chip boundary within the transm ssion cycle

timng; determning a single code division nulti Ie ac e to
be used®by Eﬁwme@f’%\?f%{ﬂyﬂ bff“rgfrt‘iovlér‘%é‘?“ °’P‘€F$ﬁhﬁﬁ‘F‘%° Hal ‘?‘&‘Hﬁgﬁéaf‘?”?‘ﬁé’nfﬁ time
of arrival tonie. COVA code to the user termnal to allocate the channel to the

user termnal beginning at the tine of arrival, 12. A method of
transmtting data in a channel, the nmethod conprising: requesting access to

the chan nel A nle@6E G188t aad'egmo Obnal, ihY AbthGSBmGINARMecdiving 1866 o ade@s ol
request; %gfllqe{sfng? a Si ngl e code division nultiple access (CDVA) code. where
t he CDMA co rop alsHdF N8 de  supporting transmission by a plurality of
users based upon constrai ned arri val tinme; sequence spreading the data to be

transm tteds}ua]}dﬁ@lntglaammwﬁmd,eusemml ransmtting the sequence spread data
bl ock at a om t he riva e i ni.tial

por t1on ot S9iEREEs ABfeR LR e e Fringe i repetoR o CEMA MR b

assi gned t i deeerrofhingn finy of arriviBeccufiivgs ahae¢hipddursibry glithinithekAnsmadsion eicle tlmam;uestl ng

access £0 the. AANIShy COMPILBE niAIUESLL RENBEAERI0 ORI o FMIANGLV B @

random access e net clai'm 13, random access
channel contgiistssand CDMA Al oha channel. 15. The nethod of claim 12, wherein

recei ving tthﬁlsnﬁlhfﬁsﬂefnmémn\{@lanﬁ@mﬁl SASto MRS Mﬁal@oa@%tﬁef'ﬁh&mlb&m@@&f y
occurring within a transm ssiqgn C){C e timng. 16. The nmethod of claim 12,

wherei n recEMPHhbreinRe #hrdimsrol aFivdlyal conprises receiving a time of arrival
occurring substantl ally one CDVA chip duration froma tinme assignnent for

anot her,,usef 640 AhumiiR RA0RL E5953: RERLHSARR54008199

requesting access to the channel;

receiving a time of arrival assignment in response to the request;

receiving a single code division multiple access (CDMA) code. where the CDMA code is a single code
supporting transmission by a plurality of users based upon constrained arrival time;

sequence spreading the data to be transmitted using the CDMA code, and;

transmitting the sequence spread data block at a time offset from the time of arrival such that the initial

portion of the sequence spread data block arrives at a receiver at the assigned time of arrival.

13.  The method of claim 12, wherein requesting access to the channel comprises requesting access to the

channel over a random access channel.
14.  The method of claim 13, wherein the random access channel comprises a CDMA Aloha channe!.

15. The method of claim 12, wherein receiving the time of arrival comprises receiving a CDMA chip

boundary occurring within a transmission cycle timing.

16.  The method of claim 12, wherein receiving the time of arrival comprises receiving a time of arrival

occurring substantially one CDMA chip duration from a time assignment for another user terminal.



17. The method of claim 12 , wherein receiving the tine of arrival conprises
receiving a time epoch assignnent nodul o a nunber of active user termnals.
18. The method of claim 12, further conprising encoding the data block with
a code used by at |east one other wuser terminal that transnits over the
channel at a tinme that overlaps at least in part the time required for

t ransmyd dohchsidae data bl ock. 19. The nethod of claim 12, fupédhehosMansi Si ng
encodi ng the data block with a code usex by a plurality of active user
termnals. 20. The nethod of claim 12, further conprising determning a
future tinme of arrival assignnment occurring in a subsequent transm ssion
cycle timng based in part on the tinme of arrival assignnent. 21. The net hod
of cl aiim 20Thewhvetiobiitlatie t By wheRintereiving the umub&:ﬁ\iarmmiﬁseafecdiw@atﬂ:&&b@hnent
conprises deter ngnrll‘:;d a %af%weese% ary nodul o a nunber of active user
termnals. 22%hé ?ﬁo'éfnf Al ereln determning the future tine
of arrival assignnent conprises determning a COMA chip boundary based on a

pr edet gim nﬁﬂn?ehg@sfcﬁah}m %ﬁther%omﬁisn,g@ncgémgtﬁ@@‘kawl&gms Bodk Rse@ bFRMAA Ghe ottfech ©

nmet hod conprising: det ermning a arrival within a transm ssion cycle
tining assi$REEMINg! thet fraismity ‘é’FfrfP“rFé‘P“nel o %’6‘%‘? 3t Y ipRsahEHt IS STbHe tims tigd for
plurality ofranafitiny the d8£Blodker m nal s; searching within a tinme w ndow t hat
includes the time of arrival for transmissions fromthe user ternmi nal ; and
receiving a data bl ock which has been sequence spread fromthe user t er mi nal
ext ractli®ng Theanethad of claya 3 durtiprsamerising arcedingthe datakiock fvith peodg ated byumewreliteofCDVA
code. 24. Thevdwihedingf. cl aim 23, further conprising: determning a received
signal quality nmetric corresponding to at |east a portion of the data

bl ock; determ ning a power control nessage based in part on the received

si gnal 2gual TheymetdE bﬁ dl?a,lm mmdthézrcanﬂpzimtgmtagmﬁdga frtraMifne 60dRt vaDdssiprass@geurdng it He

user term nalb equert transm1s51 n %% Fl’nC'ILI J 120%55/ 0 8f1me ofarrwalasThe r{et hod of claim
24, wherein AU RS nal gqﬁ%l I’tp FIC” EShp SR synbol error

rate. 26. The method of cI al m 24, wherel n t he recel ved signal quality

metric ﬁorfpﬂe%?e%oé‘?@laﬁm 8é, R«%Ere:‘h%&t&m the/ R RRB b ARy Isglél ngPJof'i‘abﬁs@sg over a

constrained arrival tine channel apparatus co data buffer
confi gured degerminigg a CEMdgghip b@px@éxp( moduloanumber of active user termmals

22.  The method of claim 20, wherein determining the future time of arrival assignment comprises

determining a CDMA chip boundary based on a predetermined algorithm,

23. A method of receiving data in a channel, the method comprising:
determining a time of arrival within a transmission cycle timing assigned to a user terminal;
receiving transmissions from a plurality of active user terminals;
searching within a time window that includes the time of arrival for transmissions from the
user terminal; and
receiving a data block which has been sequence spread from the user terminal extracting the data

based upon the arrival time of the data and the CDMA code.

24, The method of claim 23, further comprising;

determining a received signal quality metric corresponding to at least a portion of the data

block;

determining a power control message based in part on the received signal quality metric;

and
transmitting the power control message to the user terminal.



a data nodul ator coupled to the data buffer, and configured to direct
sequence spread data within the data block using a code division nmultiple
access (CDVA) code, where the CDVA code is a single code supporting

transm ssion by a plurality of users based upon constrained arrival tinme, to
produce nodul ated data; a transmtter configured to receive the nodul ated
data fromthe data nodul ator and selectively transmt the nodul ated dat a;
and a transmt timng nodule coupled to the transmtter, an I dto
receiv Oaﬂgsgglﬁs?gval tinme assignment andgcontrol the transrﬁ??ﬁl%g{o%&ﬁggnsrﬁt
the nodul ated data at a tinme offset relative to the arrival time assignnment
such that the transmtted data initially arrives at a receiver at

subst aidf.i alThy methed efichiny2d, whéreiethe s veg nigeah uali netriflsemprprcrsambpd erofr ratd. ai m 27,
wherein the data nodul ator conprises a Linear Feedback Shift Regi ster

(LFSR) configured to generate the code. 29. The apparatus of claim 27,

wher ei A6t heTgermtmof ¢lpiped guheregribaoateivedsignel wwally metCORMOPERTS B PIHETERS iR v

occurring within a transm ssion cycle timng. 30. The apparatus of claim 27,

further._conprisin | ocal receiver, configured to receive the . arrival tinme
ol ot AR, PES e PYRES S A S Se P S G i anen ¢

tim ng nodukeata Biffer cohBguadpasat aidatoflock] ai m 27, further conprising a sync
rodule cont |, Qi fihily WRFALOAL 85 L, MaA0RIblea ol ddl: 00 IR s BiufVihL 8
e . An apparatus for’ operating over a t va

time reference. constrai ned arri

ti me channelblock hsingad pede alivissoncrowiims aqeprg :(CDMA) cedes whess the rCIRN | cadet is @ singlerrodiul e
confi gured fs% SEhEE MG by 2 RSy QR vades bfontcbiBrilBed MNP HLPRRAXE Todulated
PCTI US2005/ Q §199 a time boundary nodul e configured to determ ne an
arrival tim#®ithin the transnission cycle assigned to a user termnal; and
a receiver a@aisingtd @dfifuedreredivéheanddlibieddata fionihe dafaait&liateSind BdectifedM a
plurality oﬁranasr%'g iﬂ}ée olﬂl%gtgdéa%r_gidnal s where the plurality of transm ssions all
use the sane code diVIETon it i pl e access (CDMVA) code, and configured to
search t he plrarsaititimngafodtle snugled wehedragsmilter,hndcoafiguraddo weandenativdtimemsgampasses
the arrival ahd &Ry f rakhAISBHAREARR oloQTd B obi2fihe SRLTUARE 10 v e

apparatus of clalm 32, rein the transm ssion cycle ul e determnes the
transm ssi oAsSE)Eens such thag thegfrangittadglata indtiatly e ivas A rBrs Vet suliptanfiallydhparmivelging
duration of aaighsdedeer (D) of CDVA chips. 34. The apparatus of claim 33,
wherein the tinme boundary nodul e determnes the arrival time conprising a
CDVA chi p boundary.

28. The apparatus of claim 27, wherein the data modulator comprises a Linear Feedback Shift Register

(LFSR) configured to generate the code.

29. The apparatus of claim 27, wherein the arrival time assignment comprises a CDMA chip boundary

occurring within a transmission cycle timing.

30. The apparatus of claim 27, further comprising a local receiver configured to receive the arrival time

assignment and communicate the arrival time assignment to the transmit timing module.

3. The apparatus of claim 27, further comprising a sync module configured to synchronize the transmit

timing module to a system time reference.

32. An apparatus for operating over a constrained arrival time channel, the apparatus comprising;

a transmission cycle timing module configured to determine a transmission cycle timing;



35. The apparatus of claim 33, wherein the tinme boundary nodul e determ nes
the arrival tine conprising a CDVA chip boundary nodulo D. 36. The
apparatus of claim 32, wherein the plurality of transm ssions conprises a
plurality of time overlapping transm ssions encoded with a sane code. 37.
The apparatus of claim 36, wherein the plurality of time overl apping

t ransmwgeiopdssogonpri se a plurality of overlappi ng transm Ss¢tOnR00seRBH
having a distinct tine of arrival assigtent. 38. One or nore processor
readabl e storage devices configured to store one or nore processor usable

I nstructions en, execut ed b h rocessaor,..performng the nethod
conpri si ng: a?‘%%%“\’ﬂaﬂdm ule é‘aﬁééfc}tf)§?tg51(]:“8é'é%rn‘fa?)t“g?fé”ﬂg'ﬁanneI froma user
term nal ; tymobnissienzlyelgassigted mea sarseminpl imdt he user terminal; determning a

transm ssio | .dur at i Ayl I : ' L abd.on;
det er mi ni ngprggeg‘i%lrl(g’lné&}:[égg_(gmgﬁivil@ %EAAI%P{‘“?%F%&E%%S g y co‘%%l t?gg‘glé%hésgd by
a pl ural it ythepluglty pfieangmigsions albyspihp sems cod¢divisiorimyitinly agcessi(FBMaY cade.and gpnfigured

OCCUrri NG ak, seirdhleRIRAMFREMmvibl WithinAGime VARG 1aBdn@Mnpadsed ths arattime for
transmtting the tine of arrival and COVA code to the user termnal to

al | ocat e t hE2ERiHGHE from freyuprater@izgl  t erni nal beginning at the time of arrival.
39. The nethod of claim1, wherein the CDOVMA code is a pseudorandom code with

Cross rrelation pr rties, allowng.i.dentification .of a source that is
time offset Tr%ee PR Iat@se&‘:%gamé%% ,EVHeercl;m th grnlgm_s:%lssmn cycle mogu?e Ae%rmmes the transmission cycl%
timing having a duration substantially equal to a duration of 2 number (D) of CDMA chips.

34.  The apparatus of claim 33, wherein the time boundary module determines the arrival time comprising a
CDMA chip boundary.

35.  The apparatus of claim 33, wherein the time boundary module determines the arrival time comprising a
CDMA chip boundary moduio D.

36.  The apparatus of claim 32, wherein the plurality of fransmisstons comprises a plurality of time overlapping

transmissions encoded with a same code.

37. The apparatus of claim 36, wherein the plurality of time overlapping transmissions comprise a plurality

of overlapping transmissions, each having a distinct time of arrival assignment.

ig. One or more processor readable storage devices configured to store one or more processor usable
instructions, when executed by the processor, performing the method comprising:
receiving a request for access to the channel from a user terminal;
synchronizing a time base with the user terminal;
determining a transmission cycle having a duration proportional to a CDMA chip duration;
determining a single code division multiple access (CDMA) code to be used by a plurality of active user
terminals;
determining a time of arrival occurring at a chip boundary within the transmission cycle; and
transmitting the time of arrival and CDMA code to the user terminal to allocate the channel to the user

terminal beginning at the time of arrival.

39.  The method of claim 1, wherein the CDMA code is a pseudorandom code with cross correlation properties

allowing identification of a source that is time offset relative to another user.



