1 3 Nov 2003 CHANNEL ASSI GNMENT | N A SPREAD SPECTRUM CDVA COVMUNI CATI ON
SYSTEM BACKGROUND The invention relates generally to resource 413 N 2003 i n
a wreless code 5 division nmultiple access comuni cation system More
specifically, the invention relates to assigning uplink and downlink
channel s in response to access requests of user equipnent. Figure 1
depicts a wireless spread spectrum Code Division Miultiple Access (CDWVA)

comuni cation system 18. A base station 20 conmuni cates with user 10
equi prent (UE) 22- 26 GHANNBb&SSIGYMENT.IN A SPREAJAd spect r um CDVA

system 18, data si gSPECTRIEM CDMA COMVUBICREIIONS YSTEM and t he base
station 20 over the sane spread bandw dth. Each data signal in the shared

bandwi dth is spread with a uni q%e é%@g}ﬁgsequence. Upon recepti on,
using a replica of the chip code particular data signal is

recovered. 15 Since signals are distinguished by their chip code sequences
(code), separate dedicated comunication channels are created using

Sent “on downi | N TRARRER IR 2eRGapG o, AaBhialfikaidy. 0Fa iefess £ag'°

station 20 are sent on uplink channels. For coherent  detection of downlink
t ransni s ivisiomnultiple gesessecapmupiqagionsiygiear s Mare speeifioallyt the myengorl | t he
UEs 22-26 within the base station's operating range. The UEs 22-26

condi ti Ofef & ty arsé’i‘*gﬂcg}’\i\ﬁ 1&@§§§d8@/n§1ﬁﬁ cRlahdls $h Eél?bﬁsé 2 ﬁ!&@?& &qﬁ@ét@of

reception. In many ystens, a common packet Channel I's used fo
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user equipment.

Figure 1 depicts a wireless spread spectrum Code Division Multiple Access
(CDMA) communication system 18. A base station 20 communicates with user

10 equipment (UE) 22- 26 in its operating area. In a spread spectrum CDMA system
18, data signals are communicated between UEs 22-26 and the base station 20 over
the same spread bandwidth. Each data signal in the shared bandwidth is spread with
a unique chip code sequence. Upon reception, using a replica of the chip code
sequence, a particular data signal is recovered.

15 Since signals are distinguished by their chip code sequences (code), separate
dedicated communication chaﬁnels are created using different codes. Signals from
the base station 20 to the UEs 22-26 are sent on downlink channels and signals from
the UEs 22-26 to the base station 20 are sent on uplink channels. For coherent

__ detection of downlink transmissions by the UEs 22-26, pilot signals are transmitted

20 to all the UEs 22-26 within the base station's operating range. The UEs 22-26

condition their receivers based on the pilot signals to enable data reception.

In many CDMA systems, a common packet channel (CPCH) is used for



uplink transm ssions. A CPCH is capable of carrying packets of data from

different UEs 22-26. Each packet is distinguishable by its code. 3R@Y 2003
detection by the base station 20, the packets have a preanble which al so
di stinguishes it fromother packets. The CPCH is typically used to carry

accoss soRonak S EREE A TR s Bl Sobhie prbB St Ayl TRmi Bl v

having tinme slots 30-34, such as 8 tinme slots proposed for the Third
Gener at i oEHB2426. TRadrpankenicdistingsisBylsledry its dde20B6) detbcdon by thebase
predeterm ned signatures 36-40 are assigned to the tine slots 30-34 to
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an access opportunity 66-82. For instance, for each of the 8 time slots in
t he propogatkdterTHeNTPCHO typicallyusedad cay irdfraguently esminsurdeatcd dataat higtbe
chosen, resulting in 128 access opportunities. Each signature 36-40 is
preassi gng&cg virtual channel. A virtual channel uniquely defines 15
opérating paranmeters for both the uplink and downlink, i.e., an uplink
spreading factor and a unique code for the downlink. Broadcast fromthe
base station 2¥Figwre2dapids 2 CPXH iaccedsschemiel 280i The CPOH mactss scheteal§
channel over an acknow edge indication channel (AICH). The UE 22-26

Based on SOTPRGIAER B EIRLAL R PREAPL ST A3, ShoiL AR i SR prEBRRF

availability of the virtual channels, the UE determ nes the access
oppor t uni fgrthe ThadéinerypemMobeleliclgiomymanications Sydtem (Belde2600ppoptauyi t y,
t he base station 20 sends out an acknow edgnent -2 1 3 NOV 2003
of predetermined signatures 36-40 are assigned to the time slots 30-34 to allow more
10 than one UE 22-26 to use the same time slot 30-34. A particular signature used
within a particular time slot is referred to as an access opportunity 66-82. For
instance, for each of the 8 time slots in the proposal for IMT-2000, one out of 16
signatures is available to be chosen, resulting in 128 access opportunities. Each
signature 36-40 is preassigned a virtual channel. A virtual channel uniquely defines
15 operating parameters for both the uplink and downlink, i.e., an uplink spreading
factor and a unique code for the downlink.
Broadcast from the base station 20 to each UE 22-26 is the availability of each
virtual channel over an acknowledge indication channel (AICH). The UE 22-26
monitors the AICH to determine the availability of each virtual channel. Based on
20 ) the operating parameters required by the UE 22-26 and the availability of the virtual

channels, the UE determines the access opportunity to select. Upon identifying a

particular access opportunity, the base station 20 sends out an acknowledgment
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nmessage (ACK) if the corresponding downlink channel is still available. In
the proposal for |Mr-2000, the ACK sinply repeats the signaturgg ﬂgv4mu3
associated with the access attenpt. If the downlink channel is not

avail abl e, a negative acknow edge (NAK) is sent. 5 After receiving a

correspondi ng ac e nt, the UEs 22-26 determne .the proper cqde to
recover c ecé{égﬁéggﬂrg?ﬂgemﬁ?&éﬂiﬁ%&% & sfillaya ag cegéa‘e
opportunity 66-82 used to send the UEs' packet. Either stored in the UEs

22- 26 or pigpaRaifor ¢d-200@, tﬁaaeﬁbﬁﬁplgméﬁea&tﬁaﬁgasmmehséc&ia?-tedi wath of
the code assigned to each access opportunity 66-82. This schene severely

i ncreases .t he packet 1 ol,l i si.o robabilit therefore the pagket
Hol s ot bte Fesbaaetmtal BOepiRLER Rated it entt e, § BrEAi A HEAAPEHES not
desirable. At a particular nonment, sonme UEs 22-26 will be operating in a

"sl eep” ndAK)igsthe "sleep” node, the UE 22-26 only runs when there is a
need to send data. Monitoring the AICH during "sleep"” node will both

reduce battery . l.ife and introduce del in the 15 transni.ssiqn of.the
(ot packet | Adtar fr e cfshonding asbhonledgtiento e i 22 26 dijeBhise
station's operating areas, nonitoring nultiple AlCHs further exacerbates

these dr aegsioper by fodfeicoverceapinamicatioas oprth® desmlinkt cHanhehbasedasttiecat es
the UE's receiving circuitry, making the UE 22-26 npore expensive.

20
provi des. ot naRoaiReh el S Bha R hodie s Bio Eier orBR bE 22y,
channel becones free is deduced on a worst case nmaxi mum packet |length. If
a packet 26 ontotnsiitfed-dhva BagH8tation'WHIOABARAChEnnel is a list of the code assigned

to each access opportunity 66-82. This scheme severely increases the packet
10 collision probability and therefore the packet delay which is undesirable.

In some situations, monitoring the AICH is not desirable. At a particular
moment, some UEs 22-26 will be operating in a "sleep” mode. In the "sleep" mode,
the UE 22-26 only runs when there is a need to send data. Monitoring the AICH
during “sleep” mode will both reduce battery life and introduce a delay in the

15 transmission of the first packet. Additionally, when a UE 22-26 borders between
two base station's operating areas, monitoring multiple AICHs further exacerbates
these drawbacks.

Monitoring creates other problems. It further complicates the UE’s receiving
circuitry, making the UE 22-26 more expensive.

20 ) Monitoring results in a suboptimum use of the CPCH. AICH monitoring

provides information when a channel becomes busy. The time at which the channel

becomes free is deduced on a worst case maximum packet length. If a packet is not
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omexF-womil ength, the chanpel will be idle while the Ues 22-26 are waitagcago4
transmt. On the other h&nd, if nonitoring is not perforned in such a

system channel availability information is unavailable. TheUE1Z2NOY @803
random y choose a busy virtual channel increasing the packet delay by
causing a collision. 5 Accordingly, it would be desirable to allow the UEs
22-26 to vweximanpsngl, geochamel twidinbe lidle whilendis (PES K23-26 g taiitg @y ovi de
for sone other collision reducing nechanism One technique to reduce the

possi bili of .colligion.is.to.raise the nunber of . codes, fqr instance to
55 a1 1 e TR q0n HerPheE hahdn B BB GRaE e SO EHEh Rt sugh sefiReIRos
represent approximately half of the sequences available at the base station

20. Accor dhagiel avaiitiligydhfsriretionds undediabh) The UB 8242610ay tandosilyetioose

nmonitoring the AICH conplicates the UE receiver circuitry increasing its
cost, it is,undesiraple. . 9849857 di scl gses system for transp.tting
 andom ac@oBthSuitEah chaBRlniptraia feofacke dlataly st 2 AOUuLRLI o
signature is added to each packet to be 15 transnmtted by the nobile

st §ti on i Aorokdifiglysitokodd beedesitablgio alfow she U 22-26 26 wadt a peried shorér
spreadi ng code which is concatenated with a uni qgue | ong spreadi ng code.

The packet, i ngl udi ng_t he e | e, are received by the base,.stati .. The

or eanbi o s MR b e AkEF st 308 SRR ittt She SlkSieR 2 Sleink
"Mobil e Station-Base Station Systens"” discloses an approach 20 for channel
assi gnneniadchasisapde di vision nmultiple access system A channel assi gnnment
nmessage is sent to a nobile station. The nessage indicates information

regarding a Chapach o +§§' t6Pedcd BEPEAWINH 60 is1055E 16 I8 the RlnBS & N1 E

approach -4 AMENDED SH

codes, for instance to 128 different codes. In the proposal for IMT-2000 the 128

iO sequences represent approximately half of the sequences available at the base station
20. Accordingly, this solution is undesirable. Additionally, since monitoring the
AICH complicates the UE recejver circuitry increasing its cost, it is undesirable.
W0 9849857 discloses a system for transmitting random access packets from
mobile stations to a base station. A preamble signature is added to each packetto be
15 transmitted by the mobile staton in a time slot of repeating frames. The signature
is' a short spreading code which is concatenated with a unique lopg spreading code.
The packet including the preamble are received by the base station. The preamble
facilitates recovery of data from the packet.
TIA/EIA-95-B, "Mobile Station-Base Station Systems” discloses an approach
20 for channel assignment in a code division mmltiple access system. A channel

assignment message is sent to a mobile station. The message indicates informalion

regarding a channel, such as its spreading code. Accordingly, an alternate approach
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EVPEANGS', | QU(. L) " | fiUbUNUMH "3 .illl 1n-AA 03-0 f -203 5 10 USBO}13524
3924 13 NOV 2003 to assign virtual channels is desirable. SUM\/A%QY A

sel ected user equipnent transmts a signature in a selected ond 3iN@\003
common packet channel's tiri slots. The base station, in response to
receiving the transmitted signature, selects a currently unused code, if
avai | abl ?W&&éﬁm%is&/&%%é%de associated with the access
opportunity defined by the selected signature and selected tinme slot The
base station transmts an acknow edgnent signal conprising an identifier

of the selected code. The sel ected user equi pnent receives the

acknow edgnent signal. The sel ect W@ui pnment and the base station -4a
AVENDED SHEET ENMPFANGSLL. | I ,. 5= : It fr~=UM UC ~c~ir i i .iui
~n da 1 3 Nov 2003 conmuni cate using the sel ected code. BRI EF DESCRI PTI ON

OF THE DRAW N&Ssélegiedeuderi exjudpmieht trahsmits ansighatare ipiacsélested admes of sine ead
spectrum CDMA 5 communi cation system Figure 2 is an illustration of a

cgrmon p%ﬁofﬁ'ﬂé@ chAGEAR HRE BOME  The base station, in response 1o receiving the
transmitted signature, selects a currently unused code, if available, out of a plurality
of code associated with‘thc access opportunity defined by the selected signature and
selected time slot. The base station transmits an acknowledgment sigoal comprising

an identifier of the selected code. The selected user equipment receives the

10 acknowledgment signal. The selected user equipment and the base station
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Figure 3 is an illustration assigning virtual channels. Fi gure 3 %gzﬂﬂgh
of the probability of a collision versus demand for the prior ar 'h
virtual channel assignment. 10 Figure 5 illustrates a sinplified base
station and user equipnent. Figure 6 is an identifier transmtter circuit.

Figure 7 is_ an nt j.fi I pyer .circuit. Figure 8 is a table of an
assi gnrren%onamuﬁﬁag‘i/ﬁgslgﬁE@%é@gaeéi%aﬂg‘e 9is acircuit for detecting the
Gol ay sequences of Figure 8. 15 Figure 10 is an assignnent table for a

system havi ng physical channels with two time slots. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The preferred enbodi nents will be described

with reference to theﬁ@/ﬁ' ; j rals represent
| i ke el ements through : Ffl %?ré@?mgﬁmﬁ%mgle channel
assi gnnent schene. Each virtual channel 48-64 is defined by its operating

par anet ers, sufiguze Lipd ankllaptratash of & gpical wirdledowprdadnipectmen CBMA 3 NOV
2003 Additionally, instead of assigning virtual channels 48-64, the sane

Er' nci pl %éﬁﬁpﬁgggggg%&% to assigning physical channels which are defined

their reduce the nunber of used physical channels and
i ncrease the power |evel of each channel, each physical channel may be
mul ti pl exed, Higre2 isynulistyptionoof &commonspantket chiined atoesstschems! ot s wil |
i ncrease the channel's effective data rate, such as from8 Kbps to 16 Kbps.

In such a systﬁghggpgst' ;iflﬁﬁkajﬁhza%gfém:ﬁgv%ﬂlcﬁgnga ines which nultiplexed

signal is assigfte

Figure 4 is a graph of the probability of a collision versus demand for the
prior art and the virtual channel assignment.
10 Figure 5 illustrates a simplified base station and user equipment.
Figure 6 is an identifier transmitter circuit.
Figure 7 is an identifier receiver circuit.
Figure 8 is a table of an assignment of Golay sequences.
Figure 9 is a circuit for detecting the Golay sequences of Figure 8.
15 Figure 10 is an assignment table for a system having physical channels with

two time slots.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments will be described with reference to the drawing
20 _ figures where like numerals represent like elements throughout. Figure 3 illustrates
a virtual channel assignment scheme. Each virtual channel 48-64 is defined by its

operating parameters, such as uplink spreading factor and down link code.
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I nstead of assigning a single virtual channel for each signature 36-40 as
inthe prior art, a set 42-46 of virtual channels are assigned J NQ\¥2008
groupi ng 116-120 of 10 access opportunities. A grouping rmay contain all of
t he channels in one group or as few as 2 or 3 channels. One possible

Fate Tor ARAUHSPPHRIAR P HREy Rl FhEM, asiltTRE anlikthclples R O °

22-26 selects an access opportunity out of the groups having the UE's
desired upt apiieddpassigning pliysidabehapmelpwhighreag definédbyrtheibdewdlink cothe
access 15 opportunities' signature 36-40. Based on the sel ected access

request and t ' el | ikaaln : S I gned
to the group Iﬁ%% eé@éggﬁg%%%f%vﬁtpﬂ&sﬁée%%%%%s a @g@nﬁﬁ% t;heﬁﬁsgoe"gé}flg‘?at he UE
if available. Once the virtual channel is assigned, it wll not be

assi gned efgedch ahanpel, epeh physicelghannelbmaytheamulitplexed,isuch as iy esing two

Additionally, a receiving circuit at the base station 20 with the proper

daga 20 gabglds mﬁ%ﬁ@gﬁﬂnﬁﬁ slélﬁwh’ﬁiﬁgreg% mk%hﬁﬂtgel%éﬁ?ctﬁfet%aﬂﬁé Buchhe UEs

22-26 determ ne C hannel 1s assign to t wnl 1 nk based on the
access opportunity 66-82. Virtual channel assignnment -6 1 3 NOV 2003
transmit saSJf‘éIIﬁ'MéPS f o Ebpise In gucts®systemas @c%ﬁyalagf@ngemﬁ-ﬁ‘ltaﬂ@ defraes
indicating which of the set 42-46 of channels assigned to the group

116- 120 | ghidl mifexcd'§Bnaldk asibnéd ® e GBA2-26annel s are in the sanme
group, the identifier 84-88 indiCates the selected virtual channel. If no

channel is avail able out of the set 42-46, a no channel 5 is 3¥ai | abl e
(NAK) i dent i fil@stead of apsigniggasangls virtual ghagked 105 sachargnatareni-40 as in the
potentially assigned to a particular access attenpt, the probability of UE

col I'i si onsrior #t,72&¢42H6 of virtual channels are assigned for each grouping 116-120 of
10 access opportunities. A grouping may contain all of the channels in one group or as
few as 2 or 3 channels. One possible virtual channel grouping may group all virtual
channels with the same data rate for the uplink. For groups having the same uplink
data rate, the UE 22-26 selects an access opportunity out of the groups having the
UE's desired uplink data rate. Another grouping may be formed based on the access
15 opportunities' signature 36-40. Based on the selected access request and the UE's
priority, one of the virtual channels 48-64 assigned to the group 116-120 associated
with the access attempt is used for the UE if available. Once the virtual channel is
assigned, it will not be assigned again until the particular UE's transaction is
complete. Additionally, a receiving circuit at the base station 20 with the proper data

20 rate is assigned to the UE 22-26.
In the prior art system, the UEs 22-26 determine which channel is assigned

to the downlink based on the access opportunity 66-82. Virtual channel assignment

-6-



Figure 4 is a graph 91 depicting the probability of a collision
(Collisions) versus the nunber of UEs 22-26 requesting access (b%n%Wi)z.nuls
shown, the 10 collisions using 2 or 3 virtual channels per group (2
states/ AP or 3 states/AP) is lower than the prior art (Al CH nonitor)

regardl ess of deman r at s a sinplifjed base station 20 and
a UE 22 fdFangauts %Cﬂ? Iéﬁéﬂ%lﬁﬁ@k‘é% caaklyplpagtvitlritbe VECK? indisating
controller 144 for determning the code of the uplink and downlink

conmuni catwigioh of fheldet YRAI6GH dHafthelkHdsi ?ﬁ@ﬂ' fo the ?Sngt 6 ) iQSlecRUC VRS

access opportunities and uplink packet signal ase  stafion 20. A
UE receive receives co ni_.cati ons, such as ACK nessa
ol | hagnglsear

nessages 1tHad e R éhe saree graup.dhe 2@3114&-531‘684:8&1*1@1(:&@8 thes4 for
determ ning the code of upI ink and downlink conmmunications as well as

det er mi ni ReiceRanIRharAhaDIIE ho ¥hafhdi3$ fvaiRBISOR I LS cHapefends

commnl cations, such as rressages rressages an Jq; @m gnals, to
3 UE 22. The tﬁ e@iéﬁél on r ceiver 138 recei ves com‘rum cations, such as
ess oppbAYad IGEMI & bnotRl Siegeamore.than movireed chpassh rlSques
for sending the identifiers are to attach extra bits to the ACK or

change t hgopsieiatly@ksihed ACK paptidulay £ces ﬁﬂﬁ&nﬁ@|tl?&b?di:a'bﬁﬁ?ﬁdflé§coll’fs§6n@

system using a Single group of virtual chanhéls, the entify
the selected virtual channel. Circuits for sending the identifiers by
phase shi 1$1Y°tte ACK are depicted 5 in Figures 6 and 7. The circuits are
capabl e of sending up to four channel identifiers wthout a NAK identifier

or three chann®ligueedtis EI%ﬁﬁh Bl tdepicclifiittiedgidbhbilRy -of lcd1iSion! (CHIASLhELT
circuit 92 of Fi gur e e ACK sequence is generated by a seguence
versus the number of UEs 22-26 requesting access (Demand). As shown, the
10 collisions using 2 or 3 virtual channels per group (2 states/AP or 3 states/AP) is
lower than the prior art (AICH monitor) regardiess of demand.

Figure 5 illustrates a simplified base station 20 and a UE 22 for use in
implementing channel assignment. The UE 22 has a controller 144 for determining
the code of the uplink and downlink communications. A UE transmitter 140 sends

15 communications, such as access opportunities and uplink packet signals, to the base
station 20. A UE receiver 142 receives communications, such as ACK messages,
NAK messages and downlink signals.

The base station 20 has a controller 134 for determining the code of uplink

and downlink communications as well as determining channel availability. A base
20 _station transmitter 136 sends communications, such as ACK messages, NAK

messages and downlink signals, to the UE 22. The base station receiver 138 receives

communications, such as access opportunities and uplink packet signals.
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generator 94. The sequence itself is associated with the preanbl e 3
opportunity and is unique to the access attenpt. Several such %gq&@ﬁcZ@
may be transmitted to 10 several users at the sane tine. The ACK seguence
I s passed through a mxer 96 which nmultiplies the signal with either +1 or

L The mxed £ 908hdsToP UERARUSAL loendBRACEA b AEQUIBKAABINEO o KRB viher e

the signal is n 1 n€phase carri quadrature
carrier (sin w). As aresult of the two mxers 96, 98, the transmtted
ACK is attoahangé thephaghebte ACKW0 indoaterthe Beleceedcidentibier.i Hosma gutems 88
I's preassigned to one of the phases. The receiver circuit 14 of Figure 7 is

used to : ' . t: : ' rhei t 92
of Figur gfs%r?é glﬁ{e]%A%E??@]%ﬁgggja\}mtcp ﬁmg%%ghtﬁgr%klnﬁﬁ%ga@ gnﬁfc)gglr%ir%?é(%éd% xer 100
and a quadrature carrier by mxer 102. Each of the m xed 20 signals are
corr el at ethaninelh Gireuifsi foe serting bze identibiersdyphase shifting thee 6K awrdepi¢ied s

104, 106. The in-phase and quadrature correlation signals are each negated

by m xer: WalRYA ' ' : i t wo
coSr rel at ela F]igéﬁe&?%Z é&isr?%%aif}g Caﬁ%lteﬁg&?iv@& %gggc?fecgﬁ??lgﬁgﬁdéd%eueﬂ%gppl i ed
to an identifier circuit 112. The _identifier circuit 112 determ nes which
of the fouithphasNAK idantifios osthnep shawmpel edentifiers wilhmN Ak ddenitiar; 2

magni tude. Since the downlink transm ssions fromthe base station are
synchroni h i , ' | fqi ' ita eace
determ ne%ﬁ\f/\é/ﬁllﬁgﬁr {:iggdrl\lg ?? ingfﬁgf 5?1 \i\‘gg As%%tes N gglgé(]lé %n@{nﬁgﬁgﬁ?gte %ﬁcﬁ% he ACK. A
list stored either in the UEs 22-26 or transmtted on a Base Station's

Br oadcastgeneraine?4. The spapencoitsrlf sassordated with the pegamgblg3pegss ppgrrunity
associated with the identifier 84-88

and is unique to the access attempt. Several such sequences may be transmitted to
10 several users at the same time. The ACK sequence is passed through a mixer 96
which multiplies the signal with either +1 or -1. The mixed signal is subsequently
passed through another mixer 98 where the signal is mixed with an in-phase carrier
(cos wt) or a quadrature carrier (sin wt). As a resuit of the two mixers 96, 98, the
transmitted ACK is at one of four phases 0°, 90°, 180° or 270°. Each identifier 84-
15 88 is preassigned to one of the phases.
The receiver circuit 14 of Figure 7 is used to determine the phase of the ACK
sent
by the transmitter circuit 92 of Figure 6. The ACK is mixed with both an in-phase
carrier by mixer 100 and a quadrature carrier by mixer 102. Each of the mixed
20 _ signals are correlated with a replica of the ACK's sequence by sequence correlators
104, 106. The in-phase and quadrature correlation signals are each negated by

mixers 108, 110 by multiplying the correlation signals by -1. The two correlated
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and the group 116-120 of the UE' s access request. Using the determ ﬁ
virtual channel 48-64, transm ssions sent by the base station 2b3uﬂ6 gzmae
sel ected downlink 10 channel's code are recovered at the UE 22-26. Anot her
technique for sending the identifier 84-88 is to use the ACK and a

ot cct ed S0 5t B8 SIORBacs Ranaft Al Bl b Syl REHE SRRt 1)

station 20 sends a CR directed to the colliding UEs. The CR has a sequence
whi ch is Blestfieatrduinili@ datetmisgeehichof ke RRirfphasetbvasiomaofhie theelded?2. By
inverting the ACK and CR, an identifier 84-88 is sent to the specific UE

channo! 1 SeneCy ik SERLERGAE, Mane PPl BrlstfiSus ifmdht bier

Accordingly, using the ACK and CR an identifier indicating either a NAK or
one of twstattbmmarel syrichranned atddihteiophkie is ksiowegn,athERiddntifieruéireyit 41220
states, such as three, one of nultiple channels is assigned to the CR

A 5ol oy d8fuires SO Bk il Ao 8 T oPh BB it o KGR SRRV

By inverting -9 13 NOV 2003 the shorter sequences and changi ng their order
many uni gsterddogither is dwpidls 22-2Mgr trimesnricted tonucB ask Statish'e\Broadcdsafilhanidl? of
Figure 8. To reduce the size of the table 122, only half of the possible

sequences. . ; c nece. .. .her  uni gL

equence P 18 Bkeiife R PP e 8L R Beiasdl Yl toe O ot B

uni que set of ol ay sequences, such as 4. For instance, user 0 is assigned
f our sequamtéw; grdup 1be-120c0fshgUeRsaexcessdrerhestngsingahe afet¢muaed sedquances.
By assigning each of the Golay sequences a virtual channel, upon

reception, L&) 48-64, transmissions sent by the base station 20 using the selected downlink

10 channel's code are recovered at the UE 22-26.
Another technique for sending the identifier 84-88 is to use the ACK and a
collision resolution signal (CR). After a collision between UEs 22-26 is detected at
a base station 20, in many spread spectrum systems the base station 20 sends a CR
directed to the colliding UEs. The CR has a sequence which is associated with a
15 specific UE 22 for detection by the UE 22. By inverting the ACK and CR, an
identifier 84-88 is sent to the specific UE 22. An inverted ACK indicates a NAK.
By inverting the CR, one virtual channel is assigned to +CR a second virtual channel
is assigned to -CR. Accordingly, using the ACK and CR an identifier indicating
either a NAK or one of two channels is sent. Additionally, using a CR with mulitiple
20 _ states, such as three, one of multiple channels is assigned to the CR.
Alternatively, the identifier is sent with a signal using a Golay sequence. A

Golay sequence is constructed out of short sequences, such as X and Y. By inverting

9.



receiving UE 22-26 determ nes the code of the downlink transm ssion. A

CGol ay- sequence detector is shown in Figure 9. The received signdl 3iN0V 2003
correlated with a Golay Correlator 123 and interleaved by an interleaver
124 to detect the short codes. The arrangenent of the short codes for two

i ng m o FE HERESRBA hatiTRah e GERTRL SR U ER PhEATeHbEr Wi

codes. Adders 127, 128 are .couBI ed to the mixer and also to delay devices
129, 130. berrengeretpddsshewa inxgblelB22 ofFigikee 8 hd coredpoe the sizhef shicitaibde 127,
128 and feed them back to those adders 127, 128 for correlation with the

Gol oy soauantorBra, of B, Bk RqueReis ACiRbwlp By e AESEE diddhen

schene for a systemusing two time slot nultiplexing for the physical
channel s. apptheapniuesGolayseiquence rasulis x tAseshadivif freFigure eachdibtd2-26 is s
assi gned a downlink code and one of two tinme slots. The selected tine slot

o 2005 s OGhESRT GORY spiies b By PO maednchy e ViR assifeds 12

w rel ess spread spectrum code division nultiple access comunication
syst em ( 18uhiadqHeBsesa thefer tea segeencsgAngnihatnegation of4hpey sequenses.a By
plurality of user equipnents (22,2426) and a base station (20), the system

(L0 pegeR ekl ol Cobtr s el MR e
receiving UE 22-26 determines the code of the downlink transmission.
A Golay sequence detector is shown in Figure 9. The received signal is
10 correlated with a Golay Correlator 123 and interleaved by an interleaver 124 to
detect the short codes. The arrangement of the short codes for two assigned
sequences within the long codes is shown as Signature 0 and 1. Using mixers 125,
126, the signatures are mixed with the detected short codes. Adders 127, 128 are
coupled to the mixer and also to delay devices 129,130, The delay devices 129, 130
15 take the output of the adders 127, 128 and feed them back to those adders 127, 128
for correlation with the next short sequence. The output of each adder 127, 128
determines the Golay sequence of the received signal.
Figure 10 illustrates an assignment scheme for a system using two time slot
multiplexing for the physical channels. In table 132, each of the sixteen different

20 _ signatures is assigned a downlink code and one of two time slots. The selected time

slot is indicated by the transmitted identifier.

* * *

-10-



.CPOFF2Q01M ti es (66-82), eaeh defined by a tine slot (30-34) and signat Wiy 1390,

{(36-40), the selected user equipnent transmtting a signature (36-40)"Th a

sel ected one of the comon packet channel tinme slots (30-34), tgg lvhgqm

conprising: in response to receiving the transmtted signature (36-4 a

the base station (20), selecting a currently unused code (48-64), if

avai |l abl e, based on a code associ at'gi 'gh the access opportunity (66-82)
W and selected tinme slot (30-34);

defined byy,the.selected signature (3
transrritti“'gmﬁsowgase station (20) an identifier of the selected code
(48 64); receiving the identifier at the sel ected user equi pnent (22-26);

and conmuni cati.ng mmm%manﬁmgﬁﬁﬁ%@ﬂelﬁﬁﬂwgﬁﬂ?néﬁ?ﬁ%i d the
met hod of claim

base station (20) using the selected code. 2. urt her

characteri - Ldentifier is tr 1tted al on ith an,

acknowl edg@eﬁ% %Ia%(%§§ @@Wﬂé&?&%&éﬂeﬁt@%@ @@E?SP?GCMHSQFHWMIQJ | t,
Jul "1114A 03-07-2001 USOO0 i 392L 13 NOV 2003 3. The nmethod of claim1
further cli 26) eut afeipliyalityef nsarsquipments$22,124a06ad Qlﬂaﬁ’s@ﬂon (20), the

af:knowl e]ggrrent signal and a (::iol lision resol ]tht i on sijgna . 4. The lmaf Eod of
im 1 o N, : e >0 :
cpr cadi ng ¥ orof IR cAR o bl shEHEL o darBi A eatinpha

of codes (48-64), the common packet channel having a plurality of access

opportunities (66-82), cach defined by a time slot (30-34) and signature (36-40), the
selected user equipmment transmitting a signature (36-40) in a selected one of the
common packet channel time slots (30-34), the method comprising:

in response to receiving the transmitted signature (36-40) at the base station
(20}, selecting a currently unused code (48-64), if available, based on a code
association with the access opportunity (66-82) defined by the selected signature (36-
40) and selected time slot (30-34);

transmitting from the base station (20) an identifier of the selected code (48-
645;

receiving the identifier at the selected user equipment (22-26); and

communicating data between the selected user equipment (22-62) and the

base station (20) using the selected code.

2. The method of claim 1 further characterized by the identifier is
transmiftted along with an acknowledgment signal.
-11-
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Q2870 0 the base station (20). 5. The nmethod of claim1 further 3001322«
-characterized by the transmtted signature (36-40) is selected tj

.of sixteen signatures and the selected one tine slot (30-34) is geﬁbgt@
froma set of eight tinme slots. 6. The nethod of claim2 further

characterized Ry if SQed at ' ace ant un .
(116-120) are g'\/ai | & &%ﬂf"aﬁng%‘tq?r&gfg“’%ap?é@a%@ﬁﬁm33‘5&@%“@%&%

i ndi cating that no codes &re available. 7. The nethod of claim11 further
char act er FgReMmittedt bjéaﬁéﬂ:m%dmet §igal &) 2 collisiemirgsolutizfu signal. downl i nk
physi cal channel for downlink comruni cations. 8- The nmethod of claim?7
further characterized by the downlink physical channel is tinme nmultiplexed
into tine slots and the identifier indicates a selected one of the tinme
slots for the downlink conmuni cations between the base station (20) and
the selected u&er eab ¢ mathed pbolaim ) further oharametved by teHBemifemRANG ey , , J.
LV. "t1 HUJUKULULt | St 7Q-dR 03-0 NOO1 U3001 3924 13 Nov 2003 9. The

net hod Ofaﬂ:h iR eua;,%ef 308 (s prtotd WM
i dentifier ISII ncgl'pcate t?;/: a seleggiti%‘gﬁgan@hgut? of a set o %SW?%E

acknow ed Si 10., The.method of claim2 further character| zed by
t he acl ad@wl’g f.%ase statmnr&(}

5. The method of claim 1 further characterized by the transmitted
signature (36-40) is selected from a set of sixteen signatures and the selected one

time slot (30-34) is selected from a set of eight time slots.

6. The method of claim 2 further characterized by if no codes associated
with the access opportunity (116-120) are available, transmitting a negative

acknow!ledgment signal indicating that no codes are available.

7. The method of claim 1 further characterized by the selected code (48-

64) is used to define a downlink physical channel for downlink communications.

8. The method of claim 7 further characterized by the downlink physical
channel is time multiplexed into time slots and the identifier indicates a selected one
“of the time slots for the downlink communications between the base station (20) and

the selecied user equipment (22-26).
-12-
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Osk@nabliidentifier is attached extra bits. 11. The method of claim2 fuddgRgo4
-characterized by the acknow edgnent signal identifier is indicated by a

sel ected one out of a set (122) of Colay sequences. 12. A base sltgatﬂgm 2089)
for a wirel ess spread spectrumcode division nmultiple access conmmuni cation

Systen(18) cogor | srig: ARACR SISl Bt Eh&LULRTed SIS SORRIILALCS

(66-82) and packet a over a common packet channel commo

channel defiped by_a predeterm ned set of codes (48-64) and havin a

pl ur al i t §ieaal ddenizfier; by sndigated Y & gelegted obadutael assetoph phases to§z1 1es- 82)
defined by a tinme slot (30-34) and a signature (38-40), the base station
char act egti&ffiviag; el ection controller (134) associated with said
receiverﬁ%138fﬁ¥§Fﬁm§§ﬁ§gﬁing a currently unused code based on a code
association with a received access opportunity (66-82), such that a code,
i f available, is selected in response to receiving a signature in one of
said tinme slots (30-34) froma user equi pnent (22-26), the access

opportunity (1@6-1 Hefh A¥ioh BEL Heed by %@% aid
one tinme slot ;mandai%fB ANEIO%%E*D SHEE%%%E%%%%‘I:_% 1. b,y\%?_.ﬁa?'uéﬁl ot

ATti {1 kKN L, LTllg 7A -03-07-.2001 USOO 1392A 13 NOV 2003 a
transmté@q@ﬁﬁhﬁgmamﬁl id controller (134) which transmts to
the wuser equipnent (22-26) an identifier of the selected avail abl e code,

whereby said transmtter (136) sends comruni cations to the user equi pnent
(22-26) encoded with

11. The method of claim 2 further characterized by the acknowledgment

signal identifier is indicated by a selected one out of a set (122) of Golay sequences.

12. A base station (20) for a wireless spread spectrum code division
mullple access communication system (18) comprising areceiver (176) forreceiving
access opportunities (66-82) and packet dala over a cornmon packet channel, the
common packet channel defined by a predetermined set of codes (48-64) and having
a plurality of access opportunities (66-82), each access opportunity (66-82) defined
by a time slot (30-34) and 2 signature (38-40), the base station characterized by:

a code selection controller (134) associated with said receiver (138) for
selecting a currently unused code based on a code association with arecejved access
opportunity (66-82), such that a code, if available, is selected in response to
receiving a signature in one of said time slots (30-34) from a user equipment (22-26),
the access opportunity (116-120) defined by the received signature (36-40) and said

one time slot; and
-13-
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20 d298Mect ed code. 13. The base station of claim 12 further charact ef)SEH 3324
‘by: a sequence generator (94) for producing a replica of a receif\/gedN@@czﬁﬂg
opportunities' signature; a first mxer (96) for selectively inverting the
signature replica in response to the code selection; and a second m xer

(98) for selectively,mxj t he .sel ective I nvert signature .with an
i n- phase or quggﬁaﬁtﬁrtéﬁrﬁﬁ@é%lﬁe&“ﬂm}wé5@%@&?&@@%@6@ to
produce the identifier. 14. A wireless spread spectrum code division

mul tiple aggestipBent(@2-26) b ideMEiaof(the selated ivailabhscods, @b 38d and a
plurality of user equipnments (22-26), the system (18) using a comon

packet channel. fo 0 nication, the commobn packet ¢ | defiped. by a
predet er Eﬁéé%‘x’%—n&ﬁno&ﬁ P ﬁﬁ\?ﬁﬁf%“%?%&ﬁf%ﬁpca‘éeg ¥th
opportunities (66-82), each access opportunity (66-82) defined by a tine
sl ot (30-§xd seladtedi qpatat ure (36-40), the system (18) conprising the
plurality of user equipnments (22-26), each having neans (136) for
transmtting a signature (36-40) in a selected one of the commbn packet
channel -14 AMENDED SHEET EMPFANGQ'. , , ,,.,4. 1. V. Tl Au-)VKU I LtlI |
. JUL. iU 47 -03-07-20011 US0013924 13 NOV 2003

13.  The base station of claim 12 further characterized by:

a sequence generator (94) for producing a replica of a received access
opportunities’ signature;

a first mixer (96) for selectively inverting the signature replica in response to
the code selection; and

a second mixer (98) for selectively mixing the selectively inverted signature
with an in-phase or quadranure phase carrier in response to the code selection to

produce the identifier.

14, A wireless spread spectrum code division multiple access
communication system (18) having a base station (20) and a plurality of user
cquipments (22-26), the system (18) using a common packet channel for
communication, the common packet channel defined by a predetermined set of codes
(48-64) and having a plurality of access opportunities (66-82), each access
opportunity (66-82) defined by a time slot (30-34) and signature (36-40), fhe system

' (18) comprising the plurality of user equipments (22-26), cach having means (136)

for transmitting a signature (36-40) in a selected one of the common packet channel

-14-

.AMENDED SHEET
EMPFANGS . o e L AUSURULAIZEL L 4. JuL. 701:47



0

4ig7ersdots (30-34); the system (18) characterized by: each of the pl ysghdizeos
of user equi pnents (22-26) further having: nmeans (142) for receiyin %n
identifier, the identifier indicating a selected code; and maan&af&ﬂ 2003
comuni cating (140) with the base station using the selected code; and the

base station_havi ngg_ means (134{ In response to receiving the transmtted
si gnat ur tmergots (3Brad)aihea sistam 41 Besharscterizastiey:by sel ecting a currently
unused code, if available. based on a code association with the access

opportunity (&idrdfHe %ﬂﬂ?%f%cﬂ%%gﬁ@h&@ﬁ@@iﬂﬂﬁwﬁeﬁh 6-40) and

selected time slot (30-34);  neans ) for transmtting the identifier of
the sel ected code; and for comruni ¢cati (136), wi th the, user

equi pment usi ng th@@é@éﬁﬁ%&f@!@.%@@%&%@@@&dp GDZ & urt her
characterized by the identifier indicates an uplink spreading factor for

comuni cgdle&B8 chdebadent fromthe user equipnent (22-26) to the base
station (20). 16. The system (18) of claim 14 further characterized by the

transmtted signature (36-40) is sel d.tr a set. of sixi,een,sigpatures
and the sel ected oi‘i‘%ﬁanﬁf%ém 033 %bsg“é’éggb%m% essd ght
tinme slots. -15 AMENDED SHEET EMPFANGSLLIIT J.JVL. LU+ RUMJL . Ltl | 'i.
LT 7f legde: and

the base station having:
means (134), in response to receiving the transmitted signature, for
- determining the selected code by selecting a currently unused code, if available,
based on a code association with the access opportunity (116-120) defined by the
selected signature (36-40) and sclected time slot (30-34);
means (136) for transmitting (he identifier of the selected code; and
means for communicating (136) with the user equipment using the

selected code.

15.  The system (18) of claim 14 further characterized by the identifier
indicates an uplink spreading factor for communications ta be sent from the user

equipment (22-26) to the base station (20).

16.  The system (18) of claim 14 further characterized by the transmitted
7signaturc (36-40) is selected {rom a set of sixteen signatures and the selected one

time slot (30-34) is selected from a set of eight time slots.
-15-
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08370L9@00 i US0013924 13 .Nov 2003 17. The system (19) of claim14 fur g@gﬁqu4
-characterized by the base station (20) further having neans (13 Pgé %UﬂBr
no codes associated with the access opportunity (116-120) are aval

for transmtti ng a negative acknow edgrrent signal indicating that no codes

are avail able he S further terized by the
sel ect ed code1848 Y%EZ@X@?@& &éiﬁfﬁ 5(/\;111? %3,’31:‘ g’ﬁ%ﬁ"]ﬁ'@? ORor
downl i nk communi cat i ons 19. The system (18) of cI ai m 18 further

char act e(2@efurtyert havihpwmicank (184y 4363/ ifcheodes idsédiardnwit Heexegessnt 0
time slots and the identifier 1Indicates a seI ected one of the tlrre slots

for the downli ations., het se_ _station the user
equi pmenfP Wifﬂ%ﬂ%ﬁ@l‘g ¥ '\i\%‘)" 3 peggiYe, é‘&q‘\% zed by
the identifier is indicated by a sel ect ed one out of a set of phases of an
acknow esjpmabindicgimg tha? ho cbdes apesawaiilable3) of claim 14 further
characterized by the identifier is attached extra bits to an acknow edgnent
signal. 22. The system (18) of claim 14 further characterized by the
identifier is indicated by a selected one out of a set of Golay sequences.
-16 AMENDED SHEET EMPFANGSLLIt }.JUL. 1V :41 AUSUKUCKWH | q .1111 ' A-A7
18. Thesystem (18) of claim 14 further characterized by the selected code

(48-64)1s used to define a downlink physical channel for downlink communications.

19.  The system (18) of claim 18 further characterized by the downlink
physical channel is time multiplexed into time slots and the identifier indicates a
selected one of the time slots for the downlink communications between the base

station (20) and the user equipment (22-26).

20.  The system (18) of claim 14 further characterized by the identifier is

indicated by a selected one out of a set of phases of an acknowledgment signal.

21.  The system (18) of claim 14 further characterized by the identifier is

attached extra bits to an acknowledgment signal.

22.  The system (18) of claim 14 further characterized by the identifier is

indicated by a selected one out of a set of Golay sequences.
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