CONTROL CHANNEL ASSI GNVENT | N A W RELESS COVMUNI CATI ON NETWORK
BACKGROUND | . Field [0001] The present invention relates generally to
communi cation, and nore specifically to nmethods and apparatus for
ef ficient control channel assignnent in a wreless conmuni cation
system 11. Background [0002] Comuni cation systens are wi dely

depl oyed to provide various communi catiln serw ces such as voice,
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code d|V|S|on mul t1 ple-access systens capa supportl
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avai |l abl e system resources. Exanples of such nultiple-access systens
I ncl ude Code Division Miltiple Access (CDMA) systens,

Mul tiple-Carrier COMA (MC-CDMA), BAGKGROWNIYA (WCDWVA), Hi gh- Speed
Downl i nk Packet Access (HSDPA), Time Division Miltiple Access (TDWA)
systens, Fﬂequer’lT Division Multiple Access (FDIVA) systens, and
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I. Background

[0002] Communication systems are widely deployed to provide various communication
services such as voice, packet data, and so on. These systems may be time, frequency,
and/or code division multiple-access systems capable of supporting communication
with multiple users simultaneously by sharing the available system resources.
Examples of such multiple-access systems include Code Division Multiple Access
(CDMA) systems, Multiple-Carrier CDMA (MC-CDMA), Wideband CDMA (W-
CDMA), High-Speed Downlink Packet Access (HSDPA), Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems, and
Orthogonal Frequency Division Multiple Access (OFDMA) systems.

[0003] There is therefore a need in the art for methods and apparatus for efficient

control channel assignment in a wireless communication system.

SUMMARY
[0004] The disclosed embodiments provide for methods and systems for allocating a
plurality of users on a control channel in a wireless communication network. In one
aspect, a method for allocating a plurality of users on a control channel includes
assigning a first number of modulation symbols to a hop region for a control channel,

and allocating a second number of users to the first number of modulation symbols.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The features and nature of the present invention will become more apparent

from the detailed description set forth below when taken in conjunction with the



plurality of users on a control channel in a wreless conmunication
network. In one aspect, a nethod for allocating a plurality of users
on a control channel includes assigning a first nunber of nodul ation
synbols to a hop region for a control channel, and allocating a
second nunber of users to the first nunber of nodul ati on synbol s.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005 The features and nature of

the presenty | ient oniohil, RESQUE JRESCANRRAN oL, ARLAEASS and

description se r en taken 1 n conjunc
drawi ngs i whateich |i ke reference characters identify correspondi ngly

t hrou and rei.n: [0006] FlL.G 1, shows, one, enbodi nent for data
chann B&%si gn - § shoy S@&ﬁﬁﬂhf’é’&%‘a?’bf‘?r H%‘P\ﬁb?’}{‘ﬁl FOEDTER, 162 PRLUHERLon
one enbodi meRdorf;0r assigning nultiple users on the same control
channel in a communication network; [0008] FIG 2B shows an

al ter 1889 enb&UPnBALshowis ensspighodigienhufor | astiening apyltiple veses gmthe same
control chapied chihnd! i ABRHHGRLABR AFLHOT K:

(0008] FIG. 2B shows an alternative embodiment for assigning multiple users on the
same control channel in a communication network;

{0009] FIG. 3 shows one embodiment for data and control channels assignment in a
communication network; |

[0010] FIG. 4 shows another embodiment for data and control channels assignment in a

communication network; and

[0011] FIG. 5 shows a block diagram of an access point and an access terminal.
DETAILED DESCRIPTION
[0012] The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” Any embodiment or design described herein is “exemplary” and is not
necessarily to be construed as préferred or advantageous over other embodiments or
designs.

[0013] An “access terminal” refers to a device providing voice and/or data connectivity
to a user. An access terminal may be connected to a computing device such as a laptop
computer or desktop computer, or it may be a self contained device such as a personal
digital assistant. An access terminal can also be called a subscriber unit, mobile station,
mobile, remote station, remote terminal, user terminal, user agent, or user equipment.
An access terminal may be a subscriber station, wireless device, cellular telephone, PCS
telephone, a cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless
local loop (WLL) station, a personal digital assistant (PDA), a handheld device having
wireless connection capability, or other processing device connected to a wireless
modem.

[0014] An “access point” refers to a device in an access network that communicates
over the air-interface, through one or more sectors, with the access terminals. The
access point acts as a router between the access terminal and the rest of the access

network, which may include an IP network, by converting received air-interface frames



[ 0009] FIG 3 shows one enbodi nent for data and control channels
assignment in a comuni cation network; [0010] FIG 4 shows anot her
enbodi nent for data and control channels assignnent in a

comuni cation network; and [0011]FIG 5 shows a bl ock diagram of an
access point and an access term nal. DETAILED DESCRI PTI ON [ 0012] The
word "exenplary" is used herein to nean3"serving as an exanpl e,
instance I a
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term nals, The access point acts as a router bet ween the access
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be defined by groups of M subcarriers or tones that hop together once every N
modulation symbols. Thus, in the time-frequency plane, a hop region corresponds to a
rectangular NxM grid of modulation symbols. The values of M and N may be chosen
so that the channel is almost constant over the hop, allowing the channel to be estimated
based on pilot symbols inserted in the hop region. The channels may be defined by one
or more of such hop regions, which may be assigned to physical sub-carriers by a hop-
permutation of periodicity N.

[0017} In one embodiment, control channels may have the same structure as the data
channels. A single control channel may, however, have capacity to handle control
transmissions for multiple users, so the control channel may be shared among multiple
users. In one embodiment, each modulation symbo! is repeated P times with a P-ary
Walsh (or exponential) code overlay. Thus, P different use’s can share the same
channel, each sending (M*N)/P modulation symbols each with P-ary repetition. In this
case, multiple users may be distinguished by their unique Walsh codes. The Walsh-
repeated symbols may be placed close to each other in time and frequency so that they
see approximately the same propagation channel, and hence, different users remain
orthogonal. The modulation symbols may be generated by some symbol-mapping of
the control information bits.

[0018]) FIG. 1 shows one embodiment for data channel assignment in a communication
network, e.g., in a FH-OFDMA. A plurality of users may be allocated on one or more
data channels in a wireless communication network. In one embodiment, for a data

channel, hop regions 102 and 104 are assigned to users Ul and U2, respectively. Users



net wor k, which may include an EP network, by converting received
air-interface frames 3 to |IF packets. Access point also coordi nates
t he managenent of attributes for the air interface. [0015] The

di scl osed enbodi nents provide for efficient designs for the control
channel in a wireless comunication system e.g., an OFDVA system
The control channel facilitates comunitation between the access
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one enbodi nmnlne,ddécbmﬁmrdateacontrol channel, which are used for demodulating the control
channel, may be used for reverse-link timing control loop.

[0022] For some control channels, e.g., ACK/NACK, where there may be only 1 bit of
information, one may use binary phase shift keying (BPSK) or on-off keying (OOK)
demodulation techniques. On-off keying may have advantages in case of false forward-
link channel assignments, in which case the NACKs of the incorrectly assigned user do
not interfere with transmissions of the legitimate owner of the channel. For the
ACK/NACK channel, a means of reducing the probability of mistaking NACK for
ACK, or vice versa, may be required. An ACK mistaken as a NACK results in an
unnecessary retransmission of the packet, whereas a NACK mistaken as an ACK may
result in not retransmitting an unreceived packet, causing a packet error. This may be
done in BPSK using a biased decision threshold, and in on-off keying by appropriate
setting of the decision threshold. For on-off keying, an absolute threshold setting or one

based on the long term average interference variance may result in performance being



channel, hop regions 102 and 104 are assigned to users U and U2,
respectively. Users 4 U and U2 may transmt data on nodul ation
synbol s (sub-carriers) within their respective hop regions for a data
channel. I n one enbodi nent, nore than one hop region may be assi gned
to a single user. [0019]In a first enbodi nent for a control channel
assignnent, as shown in FIG 2A, a hop 1gﬁgi on 212 is jointly assigned
to two or nore users, e.g., U and U2. ers U and U2 may jointly
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result”inperfornmance being
in interlaced frames, e.g., in an FH-OFDMA wireless communication network. The

FH-OFDMA system may have multiple hop regions in a frame, and a number of
specific disjoint frames of information on a channel may be grouped into a frame
interlace. For example, in FIG. 3, frames 1, 4, and 7 are grouped into a first frame
interlace {x1, x2, x3, . . .}, and frames 2, 5, and & are grouped into a second frame
interlace {yl, ¥2, ¥3,...}.

[0025] In one embodiment, data channel information may be communicated by at least
one frame of a first frame interlace, and the control channel information may be
communicated by at least one frame of a second fame interlace. For example, in FIG. 3,
data is communicated by two hop regions 302, 304 in the first frame x1, and two hop
regions 306, 308 in the second frame x2, belonging to the first frame interlace.

Similarly, control information is communicated by two hop regions 312, 314 in the first



5 sensitive to interference variations. According to one enbodi nent,
sone of the Wal sh codes may be reserved, or unallocated to any user,
and may be used to obtain an estimate of the interference variance
over a hop region. The on-off decision threshold nay be set based on
this estimate of the current interference variance. If the systemis
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generally increase air-interface overheads.  Alternatively, the control channel
assignment is made dependent on the data channel assignment, thus; reducing the

number of messages.



[ 0028] For exanple, as in HG 4, at least two frame interlaces (yl,

y2, y3, . . .1 and { zl, z2, z3, . . } of control channel are
assigned to the sane user, whose data channel may have been assigned
to frane interlace 1 x I, x2, x3, .. .1. Here, hop regions 402 and

404 in frane yl .and hop regions 412 and 414 in franme zl are assigned
to one or nore control channels for the same user. As discussed
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processor 514 receives traffic data from a data buffer 512, processes (¢.g., encodes,

a

interleaves, and symbol maps) each data packet based on a selected coding and
modulation scheme, and provides data symbols. A data symbol is a modulation symbol
for data, and a pilot symbol is 2 modulation symbol for pilot (which is known a priori).

A modulator 516 receives the data symbols, pilot symbols, and possibly signaling for



120x, for inplementing the disclosed enbodi ments as di scussed above
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of term nal ccess point Ox, respectively. Menory units
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570, f
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' npl ement e terminal 120x and access point 110x, respectively. Memory units 532 and 572 store

program codes and data used by controllers 530 and 570, respectively, for implementing

the disclosed control channel allocation techniques.

[0037] The signaling transmission techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof. For a hardware implementation, the processing

units used to process (e.g., compress and encode) signaling may be implemented within



9 one or nore application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmabl e | ogi ¢ devices (PLDs), field programmabl e gate
arrays (FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic units_designed to performthe
functions described herein, or a conbi nation thereof. The processi ng
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modul ati on suhel. ARRANEE. 0. C 00 NS AbaNG M AucERIEL,

to prowdepJ ?ormln eren r SEC ors over
the spirit or scope of the invention. Thus, the present invention is not intended to be

limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



10 2. The nethod of claiml, wherein said allocating further

i ncludes allocating a plurality of the second nunber of users to at

| east one of the first nunber of nodul ation synbols. 3. The nethod
of claim2, wherein each of the plurality of the second nunber of
users assigned to the 1l5sane nDduIation“iynbol I s assigned a uni que
Wal sh code. 4. The nmethod of claiml, erein said allocating
further THEICLA&MSAEFEENG THE AV ANTIRN aREASFQIHIOOWS: nunber of users to
at | east one of the first nunmber of nodul ation synbols such that no
two users overlap in any one of the first nunber of nodulation
synbol s. '20 “Ame °fn’§f’% RE ARG PRTSe ! a9ired phemist ingvifelpss compyniggtion
wher ei n @twdrlestemples gdqaincelivhgidgleteny, thhinathbhiacledmf r ol channel is
used § or cont ' Lk £ m.ng. h t had,according to
any éie of cﬁ%%%gh%%ﬁé é,Bﬁﬁé&%ﬁ%“’ﬁ%h&%#%Tg?gég%éﬁﬁﬁ?%g%%gﬁf%etmork
25f urt her i nélofdd apropipunibeni viersyte i Eptrmbeiis meduldion herpelsassigned to the hop
Fr equenciggibit ofitige comroMbatidepb@l Access) air- interface. 7. An apparatus

for allocati g it f users .on contr,ol channel,in a .
el ess comunanteRlithingy oHERLR Bl SR bR o IBIRG A iyl ssigne

schene, Pakdpuekisig! the cengalrdameliio presipsjmifpr igtefftrense torpthybreptons bverthd ivrregion
synbgi s to a hop region for a control channel; nmeans for

|1 ocat i d f to the first nunber of nodul ati
ymbor's Host GNEHSTE! PREaPrali o ok Bttt el o 3R

number of users to at least one of the first number of modulation symbols.

3. The methed of ¢laim 2, wherein each of the plurality of the second number of users assigned to the

13 same modulation symbol is assigned a unique Walsh code.

4. The method of claim 1, wherein said allocating fiirther includes allocating each one of the second
number of users {o at least one of the first number of modulation symbols such that no two users overlap in
any one of the first number of modulation symbols.

20
5. The method according to any one of claims 1 to 4, wherein at least one pilot embedded within the

control channel is used for controlling reverse-link timing.

6. The method according {o any one of claims 1 to 3, wherein the wireless communication network
25 further includes an FH-OFDMA (frequency hopping Orthogonal Frequency-Division Multiple Access) air-

interface.

7. An apparatus for allocating a plurality of users on a control channel in a wireless communication
network that employs a frequency hopping scheme, including;
30 means for assigning a first number of modulation symbels to a hop region for a control channel;
means for allocating a second number of users to the first number of modulation symbols assigned to
the hop region of the control channel; and
means for enabling the second number of users to transmit control data on each modulation symbol
assigned to the hop region of the control channel to provide uniform interference to ofhter sectors over the hop

33 region.



means for enabling the second nunber of users to transmt control

data on each nodul ati on synbol assigned to the hop region of the
control channel to provide uniforminterference to other sectors over
the hop 35region. 11 8. The apparatus of claim?7, wherein said

means for allocating further includes ngans for allocating a

pluraligg of hhe second. nunber of users to at |east one of the first
nunber mod 8f 2PTEHs Ly iHsy T avherely saiqpgans 3 allagstipg fysher inclydes meansfreallagafing 2
each of ghinditpdftireatdotdmunfbet df @sesac andstuntrele ot nusier sf racishipegnbas. t he
5sane nodul ati on synbol is assigned a unique Wal sh code. 10. The
apparatus of claim?7, wherein said means for allocating further

i ncl ude$ meardge piratyg of sloiam 3. e ERhGREe Bipralityef Se sesrd THghEs ef users asgigesddo the
to ats | eass medutiod sylnb if dstigded BUMPRIWASh cb@dul ati on synmbol s such that

no two users overlap in any one of the first nunber of nobdul ation
synbols. 10 11. The apparatus according to any one of clains 7 to

10, wherléi n dbe tnparstos Qfﬁginp?,l"@ﬁe@ﬁtié@d@ﬁ fopiildeiting fivderdeahideoheaphiarsiotating
used f OreadhQit 6@hd dottQd LOVRF SRisdrd 10Kt 1bdsiBnB 8f the At nuhB® oPRRALASISMbols such that no

accordiqg EQI%pyaone of C%?%ﬁ%?m&%n%%’ gﬁ%rggﬁfkgé W rel ess
conn%nica?lo MertaR Sy 9uerof e et mimbeq { dpedulatiy “air-interface.
I
11. The apparzatus according to any one of claims 7 to 10, wherein at least one pilot embedded within the

control channel is used for controlling reverse-link timing,

12. The apparatus according to any one of claims 7 to 11, wherein the wireless communication natwork
15  further includes an OFDMA air-interface.



