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[ 0002] The present disclosure relates generally to comunication, and
nore specifically to techniques for transmtting signaling in a
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of supporting conmuni cation for nultiple users by sharing the
avai |l abl e system resources. Exanpl es of such nultiple-access systens
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for any nunber of termnals. Each base station nmay transmt data and
signaling to termnals served by that base station. Each term nal may
also transmt data and signaling BAGKGREOUNIY base station. It may
be desirable for a transmtter to transmt signaling such that it can
be reliabl §. rec&ieldd by an intended receiver. This nmay be achi eved by
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II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These systems may be multiple-access systems capable of supporting communication
for multiple users by sharing the available system resources. Examples of such
multiple-access systems include Code Division Muitiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA
(SC-FDMA) systems.

[0004] A wireless communication system may include any number of base stations
that can support communication for any number of terminals. Each base station may
transmit data and signaling to terminals served by that base station. Each terminal may
also transmit data and signaling to its serving base station. It may be desirable for a
transmitter to transmit signaling such that it can be reliably received by an intended
receiver. This may be achieved by encoding and/or repeating the signaling and
transmitting the encoded and/or repeated signaling on radio resources allocated for the
signaling. Transmitting signaling in this manner may improve detection performance.

However, there may be certain instances in which the radio resources allocated for the



2 signaling observe nore interference than normal, and the signaling
may be rep@boosdsiim error. [0005] There is therefore a nemth/iseodhersenst
for techniques to transmt signaling in a manner to achi eve good
detection performance in the presence of interference variations.
SUMVARY [ 0006] Techni ques for transmtting signaling with | ocalized
spreading to achi eve good detection performance are described her ei n.
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one set of ygudtpys, synbols to each tinme frequency bl ock. The spreadi ng
may thus be |ocalized to each tinme frequency block. A receiver (e.g.,
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terminal) may perform the complementary despreading to recover one or more signaling

symbols of interest.

[0007] In another design, a transmitter may scale multiple signaling symbols (which
may be intended for different receivers) with multiple gains determined based on the
transmit power for these signaling symbols. The transmitter may scramble cach scaled
signaling symbol with a respective scrambling sequence to obtain multiple scrambled
symbols for that signaling symbol. The transmitter may form multiple sets of scrambled
symbols, with each set including one scrambled symbol for each of the multiple
signaling symbols. The transmitter may spread each set of scrambled symbols with a
spreading matrix to obtain a corresponding set of output symbols. The transmitter may
then map each set of output symbols to a respective time frequency block. A receiver
may perform the complementary despreading to recover one or more signaling symbols
of interest.

[0008] Various aspects and features of the disclosure are described in further detail

below.



[0010] FIG 2 shows an exanple transm ssion structure. [0011]FIG 3
shows anvexasgelogiiir ansm ssi on of four ACK bits. [0012] Rr@@rushostiaonsesrs
| ocal i zed spreading for each of multiple tiles. [0013]FIG 5 shows
despreading with | ocalized spreading fOE each tile. [00141FIG 6
shows transm ssion of ACK signaling with |ocalized spreadi ng.

[0015] FIG 7 shows mappi ng of output synbols for ACK signaling to

three tiles. [0016] F i f ' ' sent with
| ocal i zed spreading. H%@Eﬁﬁﬁ&ﬁiﬁbﬁbﬁ@ﬁﬁ%@;ﬁﬁﬁd an
appar at us, ect ok tran I N i I|ng with localized
spr eadi ng. [{O@%E& I'—[ilgll%lﬂw glrf% Er%&évﬁlgrﬁ%?tﬁo gtr ocess and anot her
appar at us, [ga9pectpizel¥hokin éxapipddrirbisnligis gheturelg W th | ocalized

spreading. [0019]FIGS, 13 and 14 show a process and an apparatus,
respect i veld011} or K&k dishpwigansexpmale H@%ﬁowf‘tfﬁuﬂ%@&‘?@ed spr eadi ng.
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respectively
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receiving si gnal ng sent w th zed spreadl ng.
[0013] FIG. 5 shows despreading with localized spreaclmg for each tile.

[0014] FIG. 6 shows transmission of ACK signahng with localized spreading.

[0015] FIG. 7 shows mapping of output symbols for ACK signaling to three tiles.
[0016] FIG. 8 shows reception of ACK signaling sent with localized spreading.
[0017] FIGS. 9 and 10 show a process and an apparatus, respectively, for
transmitting signaling with localized spreading.

[0018] FIGS. 11 and 12 show another process and another apparatus, respectively,
for transmitting signaling with localized spreading.

[0019] FIGS. 13 and 14 show a process and an apparatus, respectively, for receiving
signaling sent with localized spreading.

0020] FIGS. 15 and 16 show another process and another apparatus, respectively,
for receiving signaling sent with localized spreading.

[0021] FIG. 17 shows a block diagram of a base station and a terminal.

DETAILED DESCRIPTION

[0022] FIG. 1 shows a wireless communication system 100 with multiple base
stations 110 and multiple terminals 120. A base station is a station that communicates
with the terminals. A base station may also be referred to as an access point, a Node B
an evolved Node B, etc. Each base station 110 provides communication coverage for a
particular geographic area 102. The term *cell” can refer to a base station and/or its
coverage area depending on the context in which the term is used. To improve system
capacity, a base station coverage area may be partitioned into multiple smaller areas,
e.g., three smaller areas 104a, 104b and 104c. Each smaller area may be served by a
respective base station subsystem. The term “sector” can refer to the smallest coverage
area of a base station and/or the subsystem serving this coverage area.

[0023] Terminals 120 may be dispersed throughout the system, and each terminal

may be stationary or mobile. A terminal may also be referred to as an access terminal, a



[0021] FIG 17 shows a bl ock diagramof a base station and a term nal.
DETAI LEDWRESGROATION [ 0022] FIG 1 shows a wirel ess Ccommeau/CsmoTsors
system 100 with nultiple base stations 110 and nultiple termnals
120. A base station is a station that cgnmunicates with the
termnals. A base station may also be referred to as an access point,
a Node B, an evolved Node B, etc. Each base station 110 provides
commnicatio. rage for a partic raphi.c area 02 Thet
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station, m nal may be a ce r phone, a personal digit

assi st ant {mRiéhangeably hekmss device, a wirel ess m)dem a handhel d

devi ce, p npu etc, A.termnal rra ate with zero,
one. Cor mulBLE SR P hiauh cdesmite Rebhalbd) i) GEAr Ggerebors Hdees
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utilizes fmedueSCYFOMA sy@ﬁnrmilizepbmguengrr(d?[ﬂ@qum dieRitm multiplexing (SC-
transm ssions on different subcarriers. An OFDVA util.i zes or ho onal
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wi th SC FDW; vIﬁ’&ests%Gﬁlﬂhﬂl'ﬁ%ﬁoﬂg?’sttﬁhﬁhap@ali%:%%Q:oerﬁna\ﬂﬂoﬁ%Eﬁﬁl%lplexmg schemes,
conmuni cation systens that utilize a conbination of nultiplexing
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Br oadband radi o technol o descri bed in 3GPP2 C.S0084-0
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for acknova ments (ACKs) and ne ive, aci cnow edgnent . (NAICs) for
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clarity, certain aspects of the techniques are described below for ACK/NAK signaling.
[0026] FIG. 2 shows a design of a transmission structure 200 that may be used for

the forward link. The transmission timeline may be partitioned into frames, which may



5 also be referred to as physical |ayer (PHY) franes, tine slots,
etc. Eachwédrensesnmay span a particular tinme duration, whPChUsmy7/&m8078
fixed or configurable. Each frame may span T synbol periods, where in
general T 1 and in one design T = 8. A gynbol period is the duration
of one OFDM synbol . [0027] The system bandvvi dth may be partitioned
into multiple (K) orthogonal subcarriers. K total subcarri ers may
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subcarriers in a tile may be consecutive subcarriers or y he

di stri but eFBEFEERst %0§9§?%%4 b SRACHREr e § cqrﬁeqsua&r% ang the number
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herein, a gggg)synpgl a‘!ra‘ilaﬁlesﬁ(rﬁ@%df@équ%ﬁ@yf fessm«é@st for feSfoBRat! IRk may be
synbol is a synbol for signaling, S is a synbol for
pilot, and parflélynﬁbintq glea, whiehinesy alsg E@refﬁirft o 4Sstnn|%1fraqmemar blagks TRIVOTHS

a priori b nsmt recei

2 bnati g DlednarE AT B s R eRutRas e el Bedts o dln APFe 5>
nunber of &hdesz1 F(]?ﬁ ofX d8EMIE 2 tde kOVMEN 6 sbbdakne@m 3 @ymbeigneiats. ( KLidS)may
may be defined and may conprise a nunber of signaling/caontrol

channel s sabh hage atlnebrvaaT m@wmmﬁmg@aa hef subcagareny 2 tifpeay be
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uni ts al | odak e ond sheatrics dnrpe sy@hanpsiod mdosay aleo bsreiesrd dmdngapsource
such as the Ag§ e i

bit for a ulsegir I’ n@b%gﬁ%@é&é’%@s@ %;@l/é |eh¥og?eorrl]§ (lm(gcn t“ﬁa% H?&
one of twopgossyrhbes \ealiuema(reng re¢soQrcanthith) mm&:eemdafosicgmahmdgr mgnidcﬂg

may have one of two or re pOSSIb| eal or np al ues. In ord
to ensure dYPBOISi f”*g?“é% ?Tﬁ’ﬁ‘r B datarsamb 1513 fygRbo s @?@%%@ g 8RANEE Sy PO

informatio VbR e
whi ch may BSeQ |str¥t§%tesé ﬁ%ﬁ)?gmg&%unbe} 1éc)nl‘a %Hgg?éf {1@531;&%0?}H§lilél%la
peri ods. 1@03plkRl @lu2 $hlohss dmtae&lalnﬂ'hsaknm\amsxmssndw bétham taGknitict ahdra
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used for an ACK bit may observe intra-tile interference
sufficient number of tiles. For example, a Forward Link Control Segment (FLCS) may
be defined and may comprise a number of signaling/control channels such as a Forward
Acknowledgement Channel (F-ACKCH). The FLCS may be allocated tiles distributed

across time and frequency in order to achieve diversity. Different control channels may



variations, which are variations in interference within a tile. The
intra-ti e toasesfier ence variations nmay correspond to thect/ogesfEsesce
power on pilot synbols in a tile not being the sane as the
interference power on other synbols in ghe tile. The intra-tile
interference variations may result from hi gh power control channels

i n nei ghboring sectors and nmay degrade performance. [0033] To mtigate
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account for variations in channel gjrécglsrgonse across these erﬁsour e
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where 5", pexformaEcéLa.ud to. signpMi probdsmmgd@eths peceda.n@annrabitiary ot L tspteading
in, and z" for mE { 1, , M} is the vector of output synbols for
tile in. [OQH Ty ba@legﬁsdewhn afrgechi gigndmee aanbali 1Sespr¢a y pdifferent

unitary mEﬁre%dJ?é“é&{‘u%né &f length Q. In this case, the receiver may perform equalization
across all Q resource units used to send Q output symbols in order to account for
variations in channel response across these Q resource units. The equalization may be
based on minimum mean square error (MMSE), least-squares (LS), or some other
techniques. In a highly frequency-selective channel, wide variations in the channel
response may result in a large loss of orthogonality among the L spreading sequences in

the QxL spreading matrix. This loss of orthogonality may result in performance

degradation even with equalization.

[0037] In an aspect, multiple signaling symbols may be spread to combat
interference variations. The spreading may be localized to each tile used to send the
signaling symbols in order to mitigate performance degradation due to equalization loss
and to simplify receiver processing. In one design, the spreading is based on a

spreading matrix composed of smaller invertible matrices. In one design, a QxL

overall spreading matrix S may be formed by concatenating M smaller LxL base
spreading matrices. M sets of output symbols may be obtained with the M base
spreading matrices and may be sent on M different tiles.

[0038] In one design, a single type of base spreading matrix is used, and the overall
spreading matrix S is composed of M copies of this base spreading matrix. The base
spreading matrix may be a discrete Fourier transform (DFT) matrix, a Walsh matrix
(which is also referred to as a Hadamard matrix), a unitary matrix, etc. In another
design, the overall spreading matrix S may be composed of different types of base

spreading matrix. For example, L signaling symbols may be spread with a DFT matrix
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and sent in one tile, and the same L signaling symbols may be spread with a Walsh
matrix and sent in another tile.

[0039] FIG. 4 shows a design of signaling transmission with localized spreading for
each tile. A vector of L signaling symbols, a=[4, ... 41", may be provided to M
spreaders 410a through 410m, where T» denotes a transpose. Each spreader 410 may
spread the L signaling symbols with a respective base spreading matrix S, and provide

a vector of L output symbols, z, =[Z, .. Z, 1", where me{l,.., M}. TheL output

symbols from each spreader 410 may be mapped to L resource units in a respective tile.
Each signaling symbol may thus be sent on M-L resource units in M tiles. Each
signaling symbol may be spread across I resource units in each tile based on a
spreading sequence for the signaling symbol for that tile.

[0040] The spreading for the vector of L signaling symbols may be expressed as:

Z S,
Z, S,

=l . |a, Eq (1)
ZM SM

where S, for me{l,.., M} is the base spreading matrix for tile m, and

z, for me{l,..., M} is the vector of output symbols for tile m.

[0041] The base spreading matrix for each tile m may be a unitary matrix having the

following property:

where “# * denotes a conjugate transpose and I is an identity matrix. Equation (2)
indicates that the columns of the base spreading matrix are orthogonal to one another,
and each column has unit power.

[0042] The spreading for each tile m may be expressed as:
z,=S,a, for me{l,.., M}. Eq (3)

[0043] Equation (3) may be expanded as follows:
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in. [0044]Wth |ocalized spreading, a réceiver my obtain L despread
synbols for each tile by inverting the base spreading matrix for that
tile. The despread sypbols are initial.estimtes of the signaling

synbol s.
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may be dependent Zoni thg. amgunt .of ghafngl} variations within each tile
i nstead of across all Mtiles. Hence, " thé equalization | oss may be
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S, 18 the element in the -th row and {-th column of spreading matrix S,,, and

Zin for ke{1,..., L} is an output symbol for the %-th resource unit of tile m.

[0044] With localized spreading, a receiver may obtain L despread symbols for each
tile by inverting the base spreading matrix for that tile. The despread symbols are initial
estimates of the signaling symbols. For each signaling symbol, M despread symbols
may be obtained from M tiles and combined to obtain a final estimate of that signaling
symbol. Alternately, the receiver may perform equalization, e.g., based on MMSE or
LS. In this case, the loss due to equalization may be dependent on the amount of
channel variations within each tile instead of across all M tiles. Hence, the equalization
loss may be smaller with localized spreading than for the case in which the spreading is
across all M tiles.

[0045] FIG. 5 shows a design of reception of signaling sent with localized

spreading for each tile. A vector of L received symbols, r, =[R,,, ... R,,,]7, may be

obtained from each tile used to send the L signaling symbols. M received symbol
vectors r) through ry may be obtained from the M tiles and provided to M despreaders
510a through 510m, respectively. Each despreader 510 may despread its received
symbol vector r,, based on a respective base spreading matrix S,, and provide a vector
by, of L despread symbols. A combiner 520 may receive M despread symbol vectors by
through by from despreaders 510a through 510m, respectively. Combiner 520 may

scale and combine these M despread symbol vectors to obtain a vector of L signaling
symbol estimates, 4=[4, ... 4,1".

[0046] The despreading for each tile m may be expressed as:

b =Sy Eq (5)

e m “m ?

where 87’ is a despreading matrix for tile m, which is the inverse of S,,..
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[Su',S7.121",S] Eq (6)
RLm
where R, is the k-th received symbol in vector 1,
S.,. isthe clement in the m-th row and {~th column of despreading matrix S;,, and
B, 1s the {-th despread symbol in vector b,,, which is the despread symbol from
tile m for signaling symbol 4,.
[0048] The receiver may perform symbol combining across the M tiles for signaling

symbol 4, as follows:
Eq (7)

where W, is a weight for tile m for signaling symbol 4,, and

Af is a final estimate of signaling symbol 4,.

[0049]  The weight W, for each tile may be determined based on the received

signal quality for that tile. Received signal quality may be quantified by a signal-to-

noise ratio (SNR) or some other measure. More weight may be given to despread
symbols from tiles with higher received signal quality. Alternatively, the same weight
may be applied to the despread symbols from all M tiles.

[0050] FIG. 6 shows a block diagram of a design of a transmit (TX) signaling
processor 600 for sending ACK signaling with localized spreading. In this design, four
ACK symbols may be spread and sent in three tiles, with the spreading being localized
to each tile.

[0051] In one design, an ACK symbol may have one of four possible values, which

may be given as:
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inform a user to keep the current resource assignment. An ACK value of 2 may indicate
a packet decoded correctly and may further inform the user to relinquish the current
resource assignment. An ACK value of 3 may inform the user to relinquish the current
resource assignment. An ACK symbol may also be defined to have one of two possible
values (e.g., 0 and 1) or based on some other sets of possible values.
[0052] A scaling unit 610 may receive and scale the four ACK symbols. The ACK
symbols may be sent to different users having different geometries or SNRs. The ACK
symbol for each user may be scaled with a suitable gain to achieve a desired SNR for

the ACK symbol. Scaling unit 610 may provide four scaled ACK symbols 4, through
A; to four scramblers 612a through 612d, respectively.

[0053] Each scrambler 612 may scramble its scaled ACK symbol 4, with three
scrambling values Y,,, ¥, and ¥,, from a scrambling sequence for the user to which

ACK symbol A, is sent. Different users may be assigned different scrambling
sequences, which may be generated based on parameters such as a MAC ID for the user,
a sector 1D for the transmitting sector, etc. The scrambling may be used to differentiate
signals from different sectors to different users with different MAC IDs. Each
scrambler 612 may provide three scrambled symbols to three spreaders 614a, 614b and
614c.

[0054] Each spreader 614 may receive four scrambled symbols for the four ACK
symbols from four scramblers 612a through 612d. Each spreader 614 may spread its
four scrambled symbols with a spreading matrix (e.g., a 4 x4 DFT matrix) and provide
four output symbols. Spreaders 614a, 614b and 614c may provide their output symbols
to symbol-to-subcarrier mappers 616a, 616b and 616¢, respectively.
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desired SNR for f'he ACK synbol Scaling unit 610 rmay provide four
scal ed ACK synbols 4 through to four scranblers 612a through 612d,

respectivekhere a=[4, 4 4, 4,17 isa 4x1 vector of four ACK symbols,

G is a 4x4 diagonal matrix with four gains along the diagonal for the four
ACK symbols and zeros elsewhere,

Y, is a 4 x4 diagonal matrix with four scrambling values along the diagonal for
the four ACK symbols for tile mz,

D is a 4 x4 DFT matrix used for spreading for one tile, and

z, =[Zy, Zi, Zow Zam 1| 182 4x1 vector of output symbols for tile .

a

[0057)  The processing for each ACK symbol 4, may be expressed as:

Zy, =Dy Y, G 4,, for k=0,..,3 and m=0,...,2 , Eq(10)

where G, =./P, isthe gainand P, , is the transmit power for ACK symbol 4,,
Y, is a scrambling value for ACK symbol 4, for tile m,
D,, is the element in the £-th row and {-th column of DFT matrix D, and

VA

o 18 an output symbol for ACK symbol 4, for the &-th resource unit in tile 7.

[0058] Equation (10) indicates that ACK symbol 4, may be scaled with gain G, to

achieve the desired transmit power for ACK symbol 4,. The scaled ACK symbol may
then be scrambled with three scrambling values to obtain three scrambled symbols.
Each scrambled symbol may be spread by four elements in a column of the DFT matrix
to obtain four output symbols to be sent in one tile for that scrambled symbol. A total
of 12 output symbols may be obtained for ACK symbol 4,.

[0059] The output symbols for all four ACK symbols may be combined as follows:
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in the three tiles, as shown in FIG. 7. This may aIlow for better transmit power sharing
among the symbols sent on different subcarriers. Transmitting the output symbols on
multiple clusters in the same pair of symbol periods may result in too much transmit
power being used for these output symbols and less transmit power being available for
remaining symbols in that pair of symbol periods. The output symbols may also be
mapped to resource units in other manners.
[0061] FIG. 8 shows a block diagram of a design of a receive (RX) signaling

processor 800 for receiving ACK signaling sent with localized spreading. For clarity,
FIG. 8 shows the processing to recover one ACK symbol 4,.

[0062] Symbol-to-subcarrier demappers 810a, 810b and 810c may obtain received
symbols from the three tiles used to send the ACK signaling. Each demapper 810 may
provide four received symbols from the four resource units used to send the ACK
signaling in the associated tile. Despreaders 812a, 812b and 812¢ may obtain the
received symbols from demappers §10a, 810b and 810c, respectively. The four ACK
symbols may be spread with four columns of the DFT matrix. Each despreader 812
may then despread its four received symbols with four elements in the £-th column of an

inverse DFT (IDFT) matrix, which corresponds to the £-th column of the DFT matrix

used to spread ACK symbol 4, being recovered. A descrambler 814 may receive three
despread symbols B,, B, and B, from despreaders 812a, 812b and 8lZc,

respectively. Descrambler §14 may multiply the three despread symbols with the three
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[0063] In general, any gain value G, may be used for each ACK symbol 4,. For a
flat-fading channel, the four spread ACK symbols remain orthogonal at the receiver,
and each ACK symbol may be recovered by despreading the received symbols. For a
frequency-selective channel, channel variations may result in loss of orthogonality,
which may then result in each ACK symbol causing interference to the remaining ACK
symbols. An ACK symbol transmitted with high power may cause excessive
interference to an ACK symbol transmitted with low power, which may then degrade
detection performance for the low power ACK symbol. To mitigate this effect, the ratio
of the highest gain to the lowest gain among the four gains for the four ACK symbols
may be limited to a threshold value or lower. This may then ensure that the highest
power ACK symbol does not cause excessive interference to the lowest power ACK
symbol. The threshold value may be selected based on various factors such as the
expected maximum amount of loss in orthogonality due to channel variations, the
desired detection performance, etc. ACK symbols for different wsers may also be
arranged into groups such that each group includes ACK symbols with similar transmit
power.
[0064] The processing shown in FIGS. 6 and 8§ may also be performed in other
manners or orders. For example, scrambling may be performed prior to spreading (as
shown in FIG. 6) or after spreading. The scaling may be performed first (as shown in
FIG. 6), or after scrambling, or at some other point. The scaling and/or scrambling may
also be omitted.
[0065] For clarity, the use of the techniques for ACK signaling has been described
above. The techniques may also be used for other types of signaling. For example, the
techniques may be used for power confrol commands, other-sector-interference (OSI)
indications, access grants, resource assignments, pilot quality indicators, start of packet

indications, reverse activity bits, etc.
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the received ols,from r a d 8

oepoet verymsatas bt AEREBR QIR B Ao of ot avmbgs
the DFT mabgihyg.obkaedd Hﬁ@pﬂ’e@@dgl’thﬁhﬂllﬂﬁb’ sighelinglepRbsladvitt 8 shatling matrix
recei ved synbols with four elenents in the t-th colum of an inverse

DFT (| DFT) (medule }OI%a%m@@ﬂSr@é wﬁa@gtﬂaﬁ b 94 ebpwinw Ymboketopmttiple
mat ri x “SEQn&QKﬁﬁﬁﬁgqﬂﬁi g@gho bei ng recovered. A descranbler

814 may recelve ols Bic), Bl1l and Br, from
despr eader §0068Pa, HI;Zinas:‘rdm&le demgresf)aqirbmi ¥ 10(Dés ctrawbiliteng 8lehalimy with

[ tipl h d nh bl
val L'epwyot, S AR N A Y SIS i R R
synbol s. %t S&pl aer Rhfipla¥icssmhe shisolkhege ﬂ@ﬁcgﬂﬂ‘ﬁ&@)dnﬁynﬂ%éaeu tWikh

three weig derived for the thiee tiles and en conbi ne
t hree scal edﬂtsglcrig@ﬂns deergingd deseshowiransmitpuratri fon tf(es’e) sighdingotyaibelaiblock

ACK syrmbol l?lgé) e rafa\ 10 o}-hﬁa f’alegce%tl é’aﬁrrl 18 R siia ﬁfestggam may be limited to less than a
predetermined value. Each of the multiple scaled signaling symbols may be scrambled
with a respective scrambling sequence to obtain multiple scrambled symbols for that
signaling symbol (block 1114). Multiple sets of scrambled symbols may be formed,
with each set including one scrambled symbol for each of the multiple signaling
symbols (block 1116). The multiple sets of scrambled symbols may be spread (e.g.,
with a DFT matrix or a Walsh matrix) to obtain multiple sets of output symbols, one set
of output symbols for each set of scrambled symbols (block 1118). The multiple sets of
output symbols may be mapped to multiple time frequency blocks, one set of output
symbols to each time frequency block (block 1120). Each set of output symbols may be
mapped to a cluster of adjacent resource units in one time frequency block.

[0069] The processing in FIG. 11 may also be performed in other orders. Some of
the processing (e.g., the scaling and/or scrambling) may be omitted. Other processing

may also be performed on the signaling symbols.



may be repeated for each ACK synbol of interest. ACK synbol At may

al so be megoesogiddiby perform ng equalization (e.g., basRCI/GsRNM707SE
or LS) and descranbling. [0063] In general, any gain value G may be
used for each ACK synbol A,. For a flattd adi ng channel, the four
spread ACK synbols remain orthogonal at the receiver, and each ACK
synbol may be recovered by despreadrng the recei ved synbols. For a

ey L S o RS B A
i nterfer enﬁeamdt tleeardergar mppgra,&@mmmbmhﬁies AahOos yeiah ilapEibhihe

wi th high power cause excessive |nt erference to an ACK synbal
transnmittedy@pal ﬁ"‘{l Blnds paiphidstermingd (haen! e Grawait @@W@&t@rotlrese signaling

per for ”?“Cg)fﬁtt?cﬁsé t(ﬁtl%dtfr]lg‘"{2@9)”%&%9?0%&?%1@ Qadl] bf GR &u&ﬂé s Jdeﬁgmat

the ratio est gdinto t owest ‘gain anong our”gar ng
for the f osrgrmtétﬁk(“aﬂm)oéspem sbenibilinz tseguenoe #o dhtagsmoltple sdrarmbled symbols

| ower. Thi the ensu t hat t i ghest. power ACK nbol does
hot cause ARG PR ER 'életlg?fl egqaa tfowrrgrnlr& é%ﬂérm@ﬁt@d
threshol d yahy&s, ”ﬁ'Ythb@acﬁeéegciﬁﬁgdlﬁéscﬁQ EU?aM@IreH OHSnHoR b P IeBclS e tthesmtmﬁre
expect ed maXxi mum anount of |loss in orthogonality due to channel

vari at i ons sighdlegosysibrodad (rdeduée 1 2 1), perdsofomapieedingttbs maltiols yetb of scrhmbled

di fferent use al so arran i nto oups su rou
el udes. ABERBOPRRD PHEBIIREPESHRHChMIEE ABF o5 GcliRisgBER Bf 4R
processi ngs&hdviaranibléd §5enbdls anedific TIEYS)ahﬁ@ mRenP & fredgpadk e ilRglk sets of
manners or orders. For exanmple, scrambl %Cmy be performed prior to

spreadi ng pat@uemnbplt o rlruelpie)hrr@rfraqueewb Badingget Theutpahasimplity cara
per f or med ), or after scrambling, or at sone
ot her poi nE egﬁ%?cgﬁ? &\(n(eriﬂ()gi}lgerﬁszg ‘anbl ing may al so be omtted.

[ 0065] For ¢oomity, Fl(helmwofa de@%ntaf(ﬁﬂpmqases3t}@|fop°r@t<etsmgr@nah@ hBfocess
been descrrbed above. The techniques may al so be used for, other types
of si gnal i hdV0 8y bepsrfprecd t}hertceeﬁﬁrltftr@ anfgipigal, Gice Mplgplegsinent received

cont rol - coupmRcls myd! REELAREN Forh RLERSIETFRCEACRLY Hiadh GRd NRnadRASHR

grants, resource assignnents, cators, star
packet i ndsxgaahrtgm/mho@((erg,et\@msymbbls) iithsspraatimg (blbbsk [IO(]ES)G]EeGnulﬂple sets

shows a desi nof a ocess fort ansmtfin i gnal.i n
| ocal i zed & %FSH’FMY %aeasvsg@gosp gjé‘ﬁﬁfdfn %gd?‘setigf ﬁrrtrrﬁ pYofras an
such as a bgge ﬁ&tﬁk'o% wekk ma%&)ttbﬂib@arﬁhﬁﬁ'@ﬁlb 'agspﬁé‘dab@nﬁad[@?ﬂ&% l%ﬂﬁ?afi

to obtain nultiple sets of output synbols, wth each set out put
synbol s bepiggaloig simied dagrmst@rf@admng)ftthe nmlliple pignabng npnbely Wwb@ﬁsrwed

wi th a spreadi,n trix .9.. .a DET r' Wl sh matrix.(hblo
612) “The. maer o B baddois fe gy RBp Bk b et TRl M Rt
time frequmclbglgﬁiqﬁlg%nﬂ;bl &Binfebdsock 914). For exanpl e, each set of
out put synbol s may be ped to a cluster of adjacent resource units

in one ti m0&Réquebi: bt &it%’s T Hesigh of iplappaypls dH00 Jos jaspiing s’fﬁr}ahng sent

conprise A S
OB B o e, SRl O LI S O SRR SYRR. s v
si gnal i ng \Aymholh dromh hadtibls phrafiéqugncy bloaksandsd t3 QO mmurprm agnm@r@nms

spreading nmyl.tiple_ signaling synmbols to obtain nultip ets of
out put synidiissprggding fmedul e TBERANS fPr éiﬁpaeqdelaogren@ugw? Sefe Pt ggecived

spreadi ng the,sy |t$ bBlafh ﬁhg@?é %é‘}gre%bf@pﬁ 513%1})9111@ SRELagi %aﬁ%{c{g:ﬁérwmg a

(rmodul e 1012), and neans prng’t tiple séts
synbol s t osrgmh]tng)lsmbmln&tmn&qrfmnoye otf dbk snltiple udignalig 49ymbjoB0 b8k @ the

11 shows a desi 0 SS 0 r transmtting signaling with

| ocal i zed ?ﬂﬁ ggﬁﬂ’regrggﬁgg( é_l 49 e performed by a transmitter
such as a bgpg|st afi@ns flo%ws d\/aréstgnpéfea flodaal 1500 fea/rteétkzﬁlg(segtﬁrmg AB¥ocess
symbol s) may be scaled with nmultiple gains determ ned based on

transmt pdwed nfagrbetiseforng] bnalr¢asyyes yudbiodss: tetrhinek etcl Idyltipiehsets eft ieeeivgd
symbols may be obtained from multiple time frequency blocks, one set of received
symbols from each time frequency block (block 1512). Each set of received symbols

may be despread based on a despreading matrix to obtain a despread symbol (block



16 [0070] FIG 12 shows a design of an apparatus 1200 for transmtting
si gnal i ngvaneaB/0310tal | zed spreadi ng. Apparatus 1200 i nclRERES2GATO7Bor
scaling nultiple signaling synbols with multiple gains determ ned
based on transmt power for these signalji ng synbols (nodule 1212),
means for scranbling each of the nultiple scaled signaling synbols

Wi th a respective scranbling sequence to obtain nultiple scranbled

R E R R e N S
scranbl ed syt afdomagte Hesofanithed 1L0bt P il dedcinghlsd saibss (Watuisd6),

1216), neans for spreading the nultiple sets of scramhled synbols to
obt ai n mul thpraldRe dessraghied symbpkh g1ay, bosembived e @ﬁfﬂm sighlig ke

each set O%Stﬁrgaq@@@ §9e %yf!f?@hﬁu%%&&n%u&%?%%ﬂ%%ld&amSﬁ.oer?ﬁHBékPQs18,

the nultiple sets of output sy I'sto e tinme frequency
bl ocks, oneu#gie ofightst fouthesyuiplestinho frequodncy bivek$ magbenicieriinedke.g., based

dule 1220). [O0Q71]FI G ,.13 sh desi f 1300, f
Fec eiuvieng_ e@%%a{vrfg@%g@r%@%s RIS agﬁeﬁ@qgg?%ol?lﬁ@%r p\eanHigE ict?é%ﬁs’lh@ﬂ
as a term galpol@hfay MMIbdaid! \%itﬁﬁérkrﬁlflﬁﬂz@%igtﬁm@w@m fultBYe baiQPighnad

frommultiple time frequency bl ocks used to send multiple signal’ing
synbol s (eThe muliike sspalbd|syinbaist hay phanabié ngmpineddk obgir)the Figaaling symbad

sets of received nbol s nay, be despr ead . based on a .

s pr ond nERT T 1 hE QR SSune R Fesmiremes ey e eooRan Sn gt Propessipe by the
obt ai n mul {rhpdngttglespr ead synbol s (bl ock 1314). A signaling synbol
estimate for one of the nultiple signaling synbols may be derived

based on t HO74LI t ilfGe Ideshomsaddesgrel an eppaseiks 184& for rEpivige degnaling gent

may be rep . -S| g i I r 7 4
shows a degﬁéﬁg%%l&%dnﬁ%%%é@at %@éa{%g%%dc?r)ﬂrk Iélgésl @?‘ﬁ‘g @?%‘ﬁ% g%g[%lsdgl hfé S\%nilst%
S]IPF eadi ng. fje%&ﬁran% a?zms?llk% irlmlltip%d:eﬁmaﬁerq?eﬁdyr blobltsait;mb gt aﬂketcgisvleé ssmlbgls
of receiveq synbols fromnmultjple ti requency bl ocks used to sen
mul ti pl e siTgRafIhgliEy FHIuengy PiRcls rﬁ%’gﬁ?n]@l((i?m‘&ﬁ?”é DY LS§OIERHIR §aghppet of
despreadin LRl i ythg,lt i t/]
despread s%ﬁ%%lg% %ﬂg Ibgse?éeléf% ?E%%gﬁnig;ﬁgtrgor ear%i1 %lcar? agds %ﬁ%li(ﬁghﬁle
synbol est iGt)e themsofier afesdrimabling trinpltiplesidgmakbacdhgymbobolts bbsed mowdtiple

the multipl,e despread ol s e 1416). [0073]FI G, .15 0 ,
desi gn of pgesﬁfaé%ﬁgfg W?g%’ﬁodfﬂng[égﬁ&lﬁb ag %@F{’Wg.fg%r%’%@nﬁzg@mﬁﬁ@%@
perfornmed ByscairfiRELsY8bol8 ‘g@ hyRdn & E.igﬁe[ﬂd@?éyﬁmllﬁ)tl Costitfbifet foP'c%eS&tt%te) lciﬂultigle

recei ved synbols may” be obtained frommiltiple time frequency ocks,
one set of sigadaipsythbelsrfbuidslefitdB).each time frequency bl ock (bl ock

1512). Eac of..,received s S Y, ,be, despread based on_ a

despr eadi ngboﬁgi ri xT}feo %%qusnl%%gﬁgprlggdl%ylrﬁgpg( g(?aorg?(y C%?pni%lpéf??essom’
Mil tipl e despraacs sdovhel,s arivde @hlidknededi@hick heompbicny, elogihb @fcuits,
recei ved synbols and may be descranbled to obtain nmultiple

descr anbl eBesiptss| odc. 45l 4y ikombgiion figecoiul t i pl e descranbl ed synbol s

A ) t D : . . :
ml e coa Rl | GREL S Idoh AR, Ae MO, Rl £ P! R B0 bR o
wei ght's f otertniel R0,k atel one dfrtieebuesn glatibhoeksonmyf the tatetmlyin e, 1. At
i Selcs”Prbepora EpoUan S B b ek bUREat 6t FRETEN from
mul tiple ‘#E%t?@t:ﬁrc@ ‘{nﬁtbsth%wﬁ) /bt aggalgf%a%gxg asydm%hlér/?rsb@ssmmplpfocessor

scal ed sy s may then be’ conbin ain the signaling synbol
estimat e. TRAE) prppassis(g.gyfoms, aneodd, weerlemy, dnd sgepehuepitho trafflvelata and

processing by the transmtter. [Q074]FIG .16 shows a ign of an

Bbpar at s 1EB e BRERGidG aicianiiing Sapn. “Processsr F71Y iy Blo Fncrat
pilot symbols. A modulator (MOD) 1720 may process the data, signaling and pilot
symbols (e.g., for OFDM) and provide output chips. A transmitter (TMTR) 1722 may
process (e.g., convert to analog, amplify, filter, and frequency upconvert) the output

chips and generate a forward link signal, which may be transmitted via an antenna 1724.



with localized spreadi ng. Apparatus 1600 includes neans for obtaining
mul ti pl e VE@EWSEP1Ilbcei ved synbols fromnultiple time frRGHUERH)7/078078
bl ocks, one set of received synbols fromeach tinme frequency bl ock
(rmodul e 1612), neans for despreadi ng eatth set of received synbols
based on a despreading matrix to obtain a despread synbol (nodule
1614), neans for descranbling multiple despread synbols to obtain
multiple d nbl li50 ( : Wal

the nul ti pﬁgﬁggscr@dngfaégegé%%’oﬁ%ﬁ%%%m§§2? %na ?%Sfa{;{/#@g{g%n%ng"m
esti mat e f baseormionfl 10 hed wtHet bpdesstatiogmahd mgy pyowidd 8 rdeeivdd signdleb@)receiver

[ 0075] The s.in FIGS. .10, 14 and .16 cogpri se processors,
i ectt ont cLRALR cLlY naRaisife 4251 Bty “Bralbroft e Wotiparuiies, Teasency
| ogi cal ci HeWhdchverlEAR] I&gﬁﬁ:ﬁt fhe re@EivaD $ighaMahfalrbGe LREGHAQS samples. A
[0076] FIG 17 shows a bl ock di agram of a design of a base station 110
and a t er nilerabdud@or (INEMED)ak 760 onry refformelemdul atiomon dresreagivedsianpdds (etga
termnals kn 1. /At base station,110,, a ata,and .signalin
broceseor HOFTMN HpddteuR® foelbBl sIRuPR  ebricudl e BRhn e RetSS 1770
shown) anchiay mbeRald.ng simbol defay) detdrRbld)r@defsode) 1d QeccRIc@GSEDOLs to
1710 may process (e.g., format, encode, interleave, and synbol map)

ess ( mat _
the traffiebightdecaded daitayans signglingseiotramalid® and si gnal i ng
synbols. P sor 0 t:8npi I I
(VDy. 1720 RSP o7 o e, it e SRR 0Pk SRR SenclinRE Bt 8y
for OFDV) aonthirat 020 denydist rotessdd Psa TX Hatansdisichaling gividforl V2D, mayulated
process (e, g., cg‘ﬁvert t o anal og, grrplify, dilter, and frequency
upconver t ) bY Rematlaior 1¢P7 prondiigneh BE Pairanspiftes; Wtd and ﬁﬁnséli“gﬁ%["}a HHPER
may be tra j t i 4 r.m :
- ant enna 1752 eyt Sanih, BN SR slendl foar SN 128 IR bner
110 and ot hemitadss engt dtei oevsivaddbyagnigmay il @24, acomebtiineddbgi gnakeiver 4730,

i RCVR) .1754. R i 17 diti ) filt .. .
o T ol | FoaL ARl Db By (B B, e st sienaling
provide r eﬁﬁic\iﬁ@r Jamp k@?@co@eﬂﬁi@@&%ﬁi@tdﬁfea GRE 1irg7:%v’?ﬂ: 'Bg%tg@%&fnﬁﬁ%l‘l‘é. The

denodul ation on the received sanples (e.g., for C _provi
recei ved syrdsedssng for Rxcthat hnlardnsitgeiahi may dreosisiborto1a7 diffmgntpfromeths

(e.g., symhol | eave. and decode) the received synbols
|

T

demalﬁ dei ncf enl |

to obtain HECGUEF Sfogwgrndh@( é%gmlﬁb(’%ent to termnal 120. [0078] On

the reversed7onk, @dnttotiersipratesdod, 17M0addd ¢78Rayadiedi ¢BabpoRdicnOabBase

sent by term_nal 120 nmay be processed by a TX data and signalin

processor $790n 1hRand dereunady128, mspentivelyr Mpowrice it anbhetl By store data

transmtte 1 i T54. S i

110, rever i Pk Oadd AR Waflo 150 30k 3R 28, rOprdREE, op Yehbier

term nal s 1844 beyr heduledermings tfen farwhi? dnd/co rolietsi divdkd irbrysndssi@r end etay

1730, denodul afed by a depodul atoyr 1732 anﬁl processed by an RX data

and si gnal PW%E@&I&%BWSQ 3%&@&1‘6@%%&4 #3) ford fﬁ%ﬁlﬁ?ﬁl ed fiva’ and _

si gnal i ng $5y%) Py ﬁ&%iéﬂﬁ?iﬂ?%ﬂn@mi&@ﬁ pf&@%&ﬁ'lﬂ% faﬁﬁ/of 8Y56 Sn%agl fg&k‘orm the
a I ihg f

transm ssi on may be si to or erent fromthe proces or
forward | i proctssangsshiossiio 1G] 907 0] @oetss 800 er ET(pro pemssy Kl 0074 01GnH 41k

may direct fhe operation, a ase stati,on. 110 and term nal 120

"o poct | vePhtt RERETRL g ko RRSaAS N et o Rs HEMINE eGP R estsY
for base stiat4 /3l 07ANMa} PeifbRdthel pcessRERBGIhMBINIG. A v @astey 19004%h
may schedule termnals for forward and/or reverse |ink transm ssion

and may pr 8V dE.aseteghie & BIGr Esand/eleetherepigeessey fosghe faghnighes described

schedul ed in [ 0080] For signaling transm ssion, processor 1710
and/or 179 y performthe
[0081] The techniques described herein may be implemented by various means. For

example, these techniques may be implemented in hardware, firmware, software, or a
combination thereof. For a hardware implementation, the processing units used to
perform the techniques at an entity (e.g., a base station or a terminal) may be

implemented within one or more application specific integrated circuits (ASICs), digital



processing shown in FIG 4 or 6, process 900 in FIG 9, process 1100
in FIG WOaWaP3ibt her processes for the techni ques déggypgggmn&ns
herein. For signaling reception, processor 1734 and/or 1770 may
performthe processing shown in FIG 5 & 8, process 1300 in FIG 13,
process 1500 in FIG 15 and/or other processes for the techni ques
descri bed herein. [0081] The techni ques descri bed herein may be

i npl ement e i i : : ¢ S

P B R
t her eof . Flogicaddvared \(BEBS), fipldgregiaminiabls gath errgrsd FRELishgproresicss, wontoliars,
performthe.technjques at an entityl%ﬁ%%f,da.base stﬁﬁion.or oned
terninal) HESOBE" %ﬁf%r%ﬁf%’&o?ﬂs‘f%ne 5t d9vFe A PEd9n “E%Seé?sf‘@’c?
i nt egr at ediCpdraintthe fulolié®s) desstit@t hatein, hLoRipftd| orRI QEMHEHI0A tHdARITS) |
digital signal processing devices (DSPDs), progranmmabl e | ogic devices
(PLDs), fi H082pbr odicanmdbmeagmnad/ar sajfyacrPaAsnentptien eibs gegmiques may be

controller m _cr.0- Cont l.ers, m C , ehectram Vi

other el ool TBATE"EA I8 BRLY G Bie ORERRST RPRGR oS0 Trk Syt IR 4G ons
herein, a deRpbéchered The GrvaRt ArQliort efwaed instrO@Dakkode mal/iberiaee in a
and/ or software inplenentation, the techniques may be inplenented

Wi th nodul BSMOEY §¢-8., preseayul’ds orfljsétindis. 1 eng ekeratedody parpsasts (¢.g.,
e ; g . ol

st oHEPEARTRATB S8y, I WAL, i BALLBifin i progor o
1782 in Fl &terd) toathd peocesiot e Thbfirmwaro eeksosofirrginstrpetonesedy miy 4Bodre

1780). The nenn%y may be i Ienente&tiﬁthi. t he processor or external
to the prodis¥oim aTRAMEMPRBIOESSINGERAAG AGRE FU8t #E4N08Rs AESER TeOry

al so be st M)%Q%\%a-&m% RROAES SRIn-Votada bl ioRE dEdm %ﬁ{br@mﬂmﬁp

access nmenory ( read-only nmenory ( , hon-volatile ran
access menprograniuEAR)reaponlyraemety PRENI- okttyicobmerya((PRBAOY (EEPROM),

el ectrical sable P EEP FLASH nenpry, .flo di sk,
conpact di Igi;A?%%)m i ?gglpg?e‘lﬁ_g}ét F%@pacﬁ%scﬁsc‘( g@éﬁ’ d?’?dT&Le‘{%F%nger %bgﬁt (%P
dat a stor agRgf@it soptRhiCdatd BRrdgdsderite! 0N sThe dg@ridaynPdIeXREUbAB R uYle
one or nore processors and may cause the processor(s) to perform
certain aspEens obmorhprofenTeisiap arayt qpuspelbie Presessore) i nerfopmasdimmepects of
previous descsiption o i.s¢cl osure is provided to enable any

per son skiﬁF@%nﬁhmgﬁgcgﬁ%lggqﬁéﬁﬁ or use the disclosure. Various

modi ficati o083t o thie giesiolodescapidi bf the diedshutyisgppatdanto émble@seperson
skilled in the art, and the generic principles defiped herein may._ be
appl i ed t oSEtipdn thaartdeinee ariush Biodigrdpsure | Yeflqussnedifeatiops fq the giisclosure
scope of t I .SC i ool

T ted to thecorall i ad S SHE S MOLE 48 A0 el PRI dBfincd
accorded t herewi ey be sipplpel wortbérstaentiond whhdheleparting fpiretheapditromsedpe of

ot i ni ng. t HE SRJBHES of P dhe, o SHYB 8 ok PIgHah aPadiied 3 ' PPt ond

comuni cat yedigns A&GLH- A Berein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[0084] WHAT IS CLAIMED IS:



at | east one processor configured to process nmultiple signaling
synbols to obtain nmultiple sets of output synmbols, each set of output
synbol s bei ng obtai ned by spreading the nultiple signaling synbols
with a spreading matrix that orthogonaizes the nultiple signaling
synbols, and to map the nultiple sets of output synbols to nmultiple
time frequency bl ocks, each signaling synbol being sent in each of

t he nultlple tinme frequency bl ocks; and a nenory coupled to the at

| east Diee %@@ggéﬂw'mmmmnamzsmWWB apparatus of claim1, wherein the
spr eadi ng natrix includes a discrete Fourier transform (DFT) natriX

or a Wl sh mat r igh.apparatus for wirdless LoRmaMPAGAIMuRE: claim | or 2, V\her ein
the at | east one processor is configured to scramle the nultl

si gnal i ng $YlsEbere presesspseaiiigued foprtsed nudiplasignaing syfgpoisse ?)ti‘%wg'élplﬁ ﬁf‘éﬁ of
scranbugelt W@Ieﬁchtsa o@mﬁm Mbta@ bB'Hé blitihed b§@§r§adﬁ§ tHiuliple sraQlsEmbols with

4. The appar at us cla east .one

i's corﬁﬁpg’ﬂﬁ? RRgx @efroghﬂaa Bigesdhe %%'ttafﬁﬁgf\ﬂrlﬂ&w?% SGRERP %mg&&lﬁ[ﬁa?%of\sfauwﬂt
ares p@&bbly% i ithd fRGuaeyibl6uke, @adhQigRsling byintFUbeigbe insastpdtiteedlipyedad s
for thfg1 r'gngﬁl i n%ngyrrbol , to formmultiple sets of scranbled synbol s,
wi th eBEHEEPIfksAidi ng one scrambl ed symbol for each of the multiple
si gnal i ng syméarscoupledotie aplescegprdcbgornul ti pl e sets of scranbl ed
synbols to obtain the multiple sets of output synbols, one set of

out put synbol s for each set of scranbled synbols. 5. The
appar at us & anyheamparafus of chiimd, \hetein the spidadinginatrix fneludes 2 diserste Fouier transform
proces h§m§8ﬁJW@H{ﬁﬂn§° scale the multiple signaling synbols with
nultlp alns termned based on transnit power for the nultiple

si gnal i ng synbol s. 6. The apparatus of claimb5, wherein the

at |east ong pr %@%ﬁn%mb §fc@a‘§’rﬂfl 'ogk”uﬁ&grefncéhéja‘ﬂeﬁsrr Hﬂe’b‘?oc@ss!:r% &ﬁﬁéur&% &r@r&%

a smal | est gai n anong i pl'e gal ns aratio
| ar gesthe @ahtlﬁletsksn%hnéswats rt%@sa*wraﬁﬂbte syrebsls, %“H&Ti’f%?eﬁr‘@déﬁﬂ'@b'ﬁ‘i %@ol&éﬂ qﬁ’&am

7. ThenapRRipRssoRhipaymele of clainms 1 to 6, wherein the at |east
one processor is configured to map each of the nmultiple sets of

out put synbols to a cluster of adjacent resource units in one of the

mul ti ]pl e tiqre fr‘muﬁﬁﬁms bt 6k S orz%erem the at leasd one G eRRNOEATiIElGedab sordmyble
one o1 C

ere e e signalin 0l s cl ud
ek novFElH AR AR e Dbl s FpetiR e e e G PP ol gerambled
com;rulnt}aaabism thel sizadHag synghiol, to form mulﬂb!@@@ﬁﬁ‘lsﬂ@nm& dyinpls “&h gnvhkdt ﬁrgludmg one
synbol s_t ts t of
synbol SR B & Hish o By wFRs Biay M he T et SREMRE eSSl
with asw;bnbaﬂmbmm thatmpltigle sdtadfl ompﬁthyrgm:rhsabncaeisaf bhmtamﬂhbis;ﬁcbreadusgmﬁquam@!ed
syrrbol?),m mapping the nultiple sets of output synmbols to
mul tipl“e time frequency bl ocks, each signaling synbol being sent in
each of the nultiple tinme frequency bl ocks.

5. The apparatus of any one of claims 1 to 4, wherein the at least one processor is configured to
scale the muitiple signaling symbols with multiple gains determined based on transmit power for the multiple

signaling symbols.

6. The apparatus of claim 5, wherein the at least one processor is configured to determine a
largest gain and a smallest gain among the multiple gains, and to limit a ratio of the largest gain to the

smallest gain to less than a predetermined value.

7. The apparatus of any one of claims  to 6, wherein the at least one processor is configured to

map each of the multiple sets of output symbols to a cluster of adjacent resource units in one of the multiple
time frequency blocks.



10. The method of claim9, further including: scranbling the
mul tiple signaling synbols to obtain scranbled synbols, and wherein
the processing the nmultiple signaling synbols includes processing the
scranbl ed synbols to obtain the nultiple sets of output synbols.

11. The method of claim9, further including: scal ing the
mul tiple signaling synbols with nultiple gains determ ned based on
transmt power for the nultiple signaling synbols. 12. The

met hod of gny Oﬁﬁer@gﬁr&bsadf%o%espcdrhslmewranEhbﬁuﬁﬁﬂg;gﬁwlng%baukﬁcluaée

sets of output s 1 ncl'udes mappi ng each of the miltipl'e sets of
outpu@d§?WB@$§ﬁﬁéA§Kb%ﬁ$©@r of adjacent resource units in one of the
multiple time frequency bIocks 13. An apparatus for wreless

comuni cati on, including means fqr processing multiple
si gnal i ng §ynboﬁ§m¥€déﬁﬁ§Fﬁ“ﬁBTWPﬁF@°%éF@dBS out put symbols, each set

of out put %Bbﬁ&@ih§mblﬁbl@ﬁg@%@éyﬂﬁds Ryobe Ak @tstoheutpad byinibpls geach sgmbmag

synmbol s with. a at, or.tho alizes the multip
S Onal VRSB SP et iadin the Myhielf Setabie SHABR N HESHE PPEK ER ot s of

ou;gultmgygasbmz& theOmiTiplé J;@‘Iaﬁngslyﬁﬁoﬁ m-quency bl ock;s each si gnal i ng
synbol being sent i e fre

T The. apBapatage BHER i pubteahtanp Rl e fgh ey eks Sl gkhips
scr antslyinba beikgsentih tdch bthsingltiplk ting frequedzgblcltso obt ai n scr anbl ed
synbol s, and wherein the neans for processing the nmultiple signaling
synbol s includes neans for processing the scranbled synbols to obtain
the mul ti plia. seﬂhemﬂmuhfphkn$Ymmaﬁaka@2 15. The apparat us of

claim 13 or rej :

out put sy mgc(:)r Sbl;nﬁk&fé Qaié rr{;@ T or!]sgr% 8??[%8 Pdé édQ?m%%éEﬂd%h%re?qﬂcspr&fessmg
of outthumuitipierigiating omaole !nglsdee rproeefsmamhawmbiqdemsae olpizin thg miukiplsets of

t he nqh;ug%%b&gne frequency bl ocks. 16. A conputer program

pr oduct I'udi ng: conput er-readabl e medi um i ncl udi ng:
11.  The method of claim 9, further including:
scaling the multiple signaling symbols with multiple gains determined based on transmit power for

the multiple signaling symbols.

12, The method of any one of claims 9 to 11, wherein the mapping the multiple sets of output
symbols includes mapping each of the multiple sets of output symbols to a cluster of adjacent resource units

in one of the multiple time frequency blocks.

13. An apparatus for wireless communication, including:

means for processing multiple signaling symbols to obtain muitiple sets of output symbols, each set
of output symbols being obtained by spreading the multiple signaling symbols with a spreading matrix that
orthogonalizes the multiple signaling symbols; and

means for mapping the multiple sets of output symbols to multiple time frequency blocks, each
signaling symbol being sent in each of the multiple time frequency blocks.

4. The apparatus of claim 13, further including:
means for scrambling the multiple signaling symbols to obtain scrambled symbols, and wherein the
means for processing the multiple signaling symbols includes means for processing the scrambled symbols to

obtain the multiple sets of output symbols.



code for causing a conputer to process nultiple signaling synbols to
obtain multiple sets of output synmbols, each set of output synbols
bei ng obtai ned by spreading the nmultiple signaling synbols with a
spreading matrix that orthogonalizes the nultiple signaling synbols,
and code for causing the conputer to map the nultiple sets of
out put synmbols to nmultiple time frequency bl ocks, each signaling
synbol being sent in each of the nmultiple tinme frequency bl ocks.

17. An appapiat usyf g, ax‘éﬂuwﬂc@ﬁrﬁ tﬁme%th%eank Fb%%!ﬂj ngdhe multiple sets%?output
| east one processor configured t btain nmultiple set's of receive

synbol YmPelbchitas meglsdormapaing ?E’éhefé't’ff’cf?""éﬂl‘bi’flé§f o symbols dnaclvpter of aﬁlaéem
si gnal degrcd UR G Sne\oF the mé RipRAfke RBqUety®Idkogonal i ze the mul tiple
signal i ng synbol s, each S|gnallng synbol bei ng sent in each of the
mul tiple tinme frequency blocks, to process the nmultiple sets of
recei ved sw@bolsg&ﬂmg@g@%@ mkghﬁmeﬁgpread synbol s, and to derive
at | east one S|gnaI| stimate for at |east one of the

nul tiple siGREFFHE 5‘3%6%%‘“ Bﬁ%@ag ‘on the nmultiple despread synbol s;

and a rrermrc)éd@iau@h@cg 4 @miplter t@broh@%&ltxﬂ@ﬁg@hﬁ?&@ﬁﬁ&E to obtain multiplels3is oﬂlﬁpm

apparatu Ia| | east one processor is

confi gﬁXF@ Bfs-t°8° ﬁF‘c?? 8@%‘“&‘%@1‘? ‘“E ﬂléa’\‘ﬁ?tbé’ FRIfading e dnugp er%@é‘i‘“&éﬂ“%@las

Wi t h aspekadipg eaeti ngt da‘nhbgohm;z&sah@rbmaga ﬂs@ﬁﬁngﬁymbdﬂﬁ amul ti pl e despread
synbol s. wherein the .

doopr eadi ng PR BY PaRlRaR Tk e PP iz TP LB et isimg fpauency
(1 DFT) blodks,rekob signalmg Wyohtehbeainetsentxn each of the multB(: tirffeqeqnpalatksls of any one
of clainms 17 to 19, wherein the at |east one processor is configured
to descrambl e the multiple despread synbols to obtain nultiple

descr anbl ed 7syntful apparaeicfor wralRss ¢opmnunigetioatingledingt  one si gnal i ng synbol
estimate bagedsgr ﬁr&%ss%oﬁﬁ@te@ téj@o?a‘ﬁ{ rﬂm?é)!@%s%f Rl symbois flrom m@itiple GRE

apparatus of any one of clains 20, wherein t east one
pr ocesSuency bleghsupegie wad mél&aleﬁ'swwmwﬁlﬁ it prseadiap @rﬁr@ogomhzz: the multiple

mul ti pé@'latnggr@mf:&l? Q4R RENaliAk 9}9&1}%1 b-ctr@ s &l e@chtoh‘} the mﬁhttplcmrrﬁ f@@&ﬂéﬁﬁ&ks 1o process

synbol s the multiple ights to obtain i pl e scal ed
symbol §e myliglesess efgprsivebsyimkals Fﬁﬂbfarwéﬂ%%emﬁ §xmtr9éﬂ @‘dt“bd%‘bﬁ? #Hilgastopgsigipling

| east giokds@nat fong IYTROLS tRShilfifé Sgnaling symbols Baded oh R nAIMEN REgesad SfmRRY
one of clainms 17 to 21, wherein the at |east one processor is

conflgﬂwed to obtain each of the multiple sets of received synbols
froma cl usd eém@f cagicdeandaticasonyweesstri ts in one of the nultiple tine
frequency bl ocks. 23. The apparatus of any one of clains 17

to 22, wherein the nultiple signaling synbols include acknow edgenent
(ACK) synbol&. The apparani@4f clémn@f wiecirf the at \Mast @heegscessonintonifigaéd t0 Process each of

i ncl Udlh@ %u!tiple sets of received symbols with a despreading matrix to obtain one of the multiple despread
symbals.

19. The apparatus of claim 18, wherein the despreading matrix includes an inverse discrete

Fourier transform (IDFT) matrix or a Walsh matrix.

20. The apparatus of any one of claims 17 to 19, wherein the at least one processor is configured
to descramble the multiple despread symbols to obtain multiple descrambled symbols, and to derive the at

least one signaling symbol estimate based on the multiple descrambled symbols.

21. The apparatus of any one of claims 17 to 20, wherein the at least one processor is configured

to determine multiple weights for the multiple time frequency blocks, to scale the multiple despread symbols



obtaining nultiple sets of received synbols fromnultiple tinme
frequency bl ocks used to send nultiple signaling synbols with
spreading to orthogonalize the multiple signaling synbols, each
signaling synbol being sent in each o3the nultiple tinme frequency

bl ocks; processing the multiple sets of received synbols to
obtain nultiple despread synbols; and deriving at | east one signali
symbol Widsthe 'i'?ﬁ'f Be ppightgo OP@%‘E”iQPr'Fe‘C@Fd %Yh’é"'ﬁﬁl"%‘i"ﬁ?"éb‘%q BEripg sl perbels to 5
based @it headabilohddigha B dstmatEbol s. 25. The met hod of
claim 24, further including: descranbling the nultiple despread
synbols to obtain multiple descranbled synbols; and deriving the at
Ieast one SEiZgna|ﬁh9§3p5r)!ﬁbsﬂan?5ﬁeidﬂﬂfbﬁtsba&ﬂﬂ Wherdit e MMattiond ﬁo&@@ﬁfsaémigﬁ}dd
symb ohtain o u Gs ftec ecf g] m24or 235 Wllerecr:] i he
procestgl Pigin 77 R Pl SERRecived WREP!y BYm & e cEadanet ey w&wgg??fé
each ofuitifietime frequpicg beltss of received synbols with a despreadi ng
matrix to obtain one of the nmultiple despread synbol s. 27.

The net hod of any one of clainms 24 to 26, wherein the deriving the at
| east one si3gnalTihaeppstubofl angeiel affelkiensil f ¢l 22deisraiete moitiple signaiing tyntbble include
wei ght |44, pl i me frequency bl ocks, scaling the multiple
desprea %5%% r?%p %Q)frﬁbéﬁshul tiple weights to obtain nmultiple scaled
synbol s, and conblning the nultiple scaled synbols to obtain the at

| east one sj,gna gg&bg 'Hﬁ} 28. The nethod of any
one of cl alsj'ms szm&h whele@?éo Eatl ‘flg?%dlmr% the multiple sets of
recei ved syabptaaling rnpidle gt tsbaived mmi@he‘mhwiﬁpl@ firee fiesuericy blecks ated tofend
receiv i

t he wﬁﬁ"f'ﬁ‘?‘g’@ﬂ*ﬁéﬁ"‘ﬂﬂ%ﬁ%ﬁ%ﬁ%*GE”““WQ@“Eﬁ*sﬁ’@%ﬁfgﬁ%*séﬁygﬁ's Pepifiafl
Wi rel esg @‘ch%ﬁﬁ"&ﬂtei*@r?fthieﬁ@lfwlflfﬁlj frequency bleskins f or obtai ning multiple

sets of recgbyathsMeHAMd Jefs%meE@NeB's}ﬁxkt%lstté BBRaif ORI RS reQJ s%llSe?{s Ysged to
send nmul tiple S|gnaI|n nbols with spreading tq or onalzethe

nul tipl e siGHANE ﬁéeagtwﬁb%wlmse%holﬁtwéﬂ forriy leasy pits oI “ﬁ&“ﬁ@ esigAtling syahobn
of t hebddad dnithd RuitipléBesfreRAUERIY bl ocks;

25. The method of claim 24, further including:
descrambling the multiple despread symbols to obtain multiple descrambled symbols; and

deriving the at least one signaling symbol estimate based on the multiple descrambled symbols.

26.  The method of claim 24 or 25, wherein the processing the multiple sets of received symbols
includes processing each of the multiple sets of received symbols with a despreading matrix to obtain one of

the multiple despread symbols.

27.  The method of any one of claims 24 to 26, wherein the deriving the at least one signaling
symbol estimate includes

determining multiple weights for the multiple time frequency blocks,

scaling the muitiple despread symbols with the multiple weights to obtain multiple scaled symbols,

and

combining the multiple scaled symbols to obtain the at least one signaling symbol estimate.



means for processing the multiple sets of received synbols to obtain
mul tiple despread synbols; and nmeans for deriving at | east one
signaling synbol estimate for at |east one of the nultiple signaling
synbol s based on the nultiple despreagd synbol s. 30. The
apparatus of claim?29, further including: means for descranbling

the nultiple despread synbols to obtain multiple descranbled synhols;
and neans 8r ddpe Bethe AfRey we of daies 24Ad7.sThgieh theRytainingdles mdidnls Wgetoérecewed

based @mbsioRcIu: bhtBhRg SRR 6f BERLIBHe SHTHIAcSived symbols frodla chldk o PdIRSEREHSIrce
of claim 29 or_ 30 ﬁgenelgﬁéhe means for processing the nmultiple sets

of recHiyBENE HBINYtRIG RS HRNeRR ¥R&St or processi ng each of the
multiple sets of received synbols with a despreading matrix to obtain
one of the | ti,pl e des 3 A conput er program

p ead nbols. . . . 32.

product, i et udiigPPAEIRIeR aFe! F%Caa’awv‘aa%d?%mgi ncl udi ng: code
f or causi ngneanclongbudiresg rhwitigddessiofiretaived isphielsSeimmafiple fraefraaehes yiolie lused to
fromnmultipl.e t.i frequen bl ock, used tq. send pul tipl.e signali
synbor S Phsle Bas EUE MY st Bhin RO Reot e B me e el SR, 0
synbol sgnalbachmisil eiad denign saghbihe aeiiplgtise frequenty elachs; of the nultiple
time frequenc | ocks .cod or .causi,ng .t he .conputer to, process
he.mul £ 1 pIrEcate B Sng e Rt RS UuPlh o i BEE Sl SRS R
synbol s, anukans for derigioglet |€astrone sigralingrymbe esorefiret lehod obaf the eultiplel sieasing
one si ' 0, i | t least one of the nmultiple
signalgﬁ%&§%%%§¥ggﬁgg§%£gﬁa%c@”ﬁ%ﬁ%iple despread synbol s.

30. The apparatus of claim 29, further including:

means for descrambling the multiple despread symbols to obtain multipte descrambied symbols; and

means for deriving the at least one signaling symbol estimate based on the multiple descrambied

symbols.

31.  The apparatus of claim 29 or 30, wherein the means for processing the multiple sets of
received symbols includes means for processing each of the multiple sets of received symbols with a

despreading matrix to obtain one of the multiple despread symbols.

32, A computer program product, including:

computer-readable medium, including:

code for causing a computer to obtain multiple sets of received symbols from multiple time
frequency block used to send multiple signaling symbols with spreading to orthogonalize the multiple
signaling symbols, each signaling symbol being sent in each of the multiple time frequency blocks,

code for causing the computer to process the multiple sets of received symbols to obtain multiple
despread symbols, and

code for causing the computer to derive at least one signaling symbol estimate for at least one of the

multiple signaling symbols based on the multiple despread symbols.



