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amongst other things, to pilot transmission in wireless communication.

II.  Background .

[0003] A wireless communication system may utilize multiple transmit antennas at
2 base station or user station to transmit symbols or other information. The use of
multiple transmit antennas improves the receiver ability to decode symbols since
multiple versions of a same symbol are available to use in decoding the transmissions.
[0004] An orthogonal frequency division multiple access (OFDMA) system
utilizes orthogonal frequency division multiplexing (OFDM). OFDM is a multi-carrier
modulation technique that partitions the overall system bandwidth into multiple (N)
orthogonal frequency subcarriers. These subcarriers may also be called tones, bins, and
frequency channels. Each subcarrier is associated with a respective sub carrier that may
be modulated with data. Up to N modulation symbols may be sent on the N total
subcarricrs in cach OFDM symbol pcriod. These modulation symbols arc converted to
the time-domain with an N-point inverse fast Fourier transform (IFFT) to generate a
transformed symbol that cbntains N time-domain chips or samples.

[0005] In a frcquency hopping communication system, data is transmittcd on
different frequency subcarriers in different time intervals, which may be referred to as

“hop periods”. These frequency subcarriers may be provided by orthogonal frequency
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as narrow band interference, janm ng, fading, and so on. [0006] An
OFDVA system can support nultiple nobile stations sinultaneously.
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. [0007] An accurate estimate of a wireless channel between a transmitter and a

rcceiver is normally nceded in order to rccover data sent via the wircless channcl.
Channel estimation is typically performed by sending a pilot from the transmitter and
measuring the pilot at the receiver. The pilot signal is made up of pilot symbols that are
known a priori by both the transmitter and receiver. The receiver can thus estimate the
channe] response based on the received symbols and the known symbols. |

[0008] A code division multiple access (CDMA) system has a universal frequency
reuse that makes it possible for mobile users to receive and send the same signal
simultaneously from and to multiple base stations or sectors of a base station. Soft and
softer handoff in CDMA systems are techniques whereby mobiles near cell, and sector
in the case of softer handoff, boundaries communicate the same transmitted signals to
more than one base station or sector of a base station. Soft and softer handoff provides
enhanced commumication quality and a smoother tramsition "compared to the
conventional hard handoff. Soft and softer handoff is intrinsic to a CDMA. system, as
transmitted signals of different users occupy the same time and frcqueﬁby allocation.

Different users can be separated based on the respective spreading signatures.
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ort hogonal multiple-access systens such as TDVA, FDVA and OFDMA is
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gl | ot synbols for a first antenna géwvl ng a first sequence of |
[00011] In, certain aspects, a wireless communication apparatus comprises a
memory and a circuit coupled with the processor. The memory is configured to store at
least one first sequence of a group of first sequences, having a low cross-correlation with
cach other, of a first length and at least two second sequences of a group of second
sequences, having a low cross-correlation with each other, of a second length that is
different than the first length. The circuit is configured to multiply pilot symbols to be
transmitted from a plurality of antenna groups utilizing the at least one first sequence
and the at least two second sequences.
[00012] In another aspect, a method of transmitting pilot symbols comprises
multiplying first pilot symbols for a first antenna group utilizing a first sequence of a
group of first sequences, having a low cross-correlation with each other, and at least two
second sequences of a group of second sequences, having a low cross-correlation with
each other, and multiplying second pilot symBoIs for a second antenna group utilizing a
third sequence of the group of first sequences and at least two fourth sequences of the

group of second sequences. The first and second pilot symbols may be transmitted.
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BRI EF DESCRchife CRRROeT TRETeDRARYINGSTS] ooriiredrie transmit dhe ﬁﬁ%‘it%ﬁdese%‘?é pilot
advant agesgRfipdihe present enbodi nents may becone nore apparent from
the detail €d description set forth bel ow when taken in conjunction
with the di98Lels i nVemiosh al»ri»qcés e @m‘bﬂ@@%ﬂ&&%@@qd@M¢ detail below.
correspondigl, pﬁ&%f@ Mer &h@ds &9&%&!& Rl nltuH&} FeRRr Bnits,
mul ti plee accesS w rel ess co nlca ion $ em dccording to one

enbodi ment base stations, terminals, systerns, and other apparatuses and elements that implement

various aspects, embodiments, and features, as described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[00016] © The features, nature, and adv‘anta'ges‘ of the present embodiments may

become more apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:

[00017] Fig. 1 illustrates a multiple ‘access wireless communication system

according to one embodiment;

[00018] Fig. 2 illustrates a spectrum allocation scheme for a multiple .access '
wireless communication system according to one embodiment;

[00019] Fig. 3 illustrates aspects of a multiple access wireless communication
system;

[00020] Fig. 4 illustrates a block diagrani of aspects of a transmitter system and a

receiver system in a multi-input multi-output multiple access wireless communication

system;



[00018] Fig. 2 illustrates a spectrum allocation schene for a

mul tiple i.L el ess communi cati on system accordi ng
enbod?rrent%?&?@%{%@fg Fig. 3 illustrates aspects of a mul “P%f/g‘g%hzng/eossogm
Wi rel ess conmmuni cation system [00020] Fig. 4 illustrates a bl ock

di agram of aspects of a transmtter systemand a receiver systemin.
a multi-input nulti-output nmultiple access wireless comrunication
system WO 2007/ 051155 PCT/ US2006/ 060287 5 [00021] Fig. 5
illustrates a flow chart of aspects of asmethod of pil ot

transm ssion; and [00022] Fig. 6 illustrates a bl ock di agram of
aspects of portions of a nmulti-sector base station. DETAILED

DESCRI PTI O¢d022P23] Ref.e illub@ate®a oG chlrt oF d3pédtd f £nREHRAITT pilot BhewSission;

comuni cati@g& system according to one enbodinent is illustrated. A
base stati®f 100 includes nmultiple antenna groups 102, 104, and 106
each i ncl ugjepazpne oy ALARLEEB3IocK &‘ia&da& oiiasp%&’s%f g?%xé%‘%?ﬂﬂlﬁ-%ctor

shown for each antenna group 102, 104, and 106, "howev one o
mul ti pl e ab#sedtfdionnay be utilized for each antenna group that

corresponds to a sector of ' ' station 108 is

in corrrpruni cation with ant enngﬁiﬁﬁﬁ%gfgégmi@ transmts

i nformat i opope3Obi | RePdrihb 08 B@8 10\uehuliINaLebsk ivifelddsdc@fhunication system
receives' Information fromnpbile Station 108 over reverse |ink 1127
Mobi | e st afdceFiinggo one epibedimani it dlinyreted- hAabrsenstationnd 00 vigeludes multiple
antenna 10 Na3ls Al \ PRk ' r r
link 118 a%géélgdcei v%%ldi) ﬁflgd’%(?' 826 %(])an%ggigal e&{setaéaljtrlﬁgrr?]a]n%f %\ég'vg{r Rig'd; gnly
reverse |ieie anignng goghayn Hae leagh cufenot siavedfds 10d2and 306, hadevds one or

and/ or the i 1.Gh. I | 0 i 1.S. of "
referred t%ﬁg@?%dlgtg%@%?&ho# Q?%ﬁghﬁ%{fgg gtg %}?@%ﬁr}ﬂﬁ 5 Sﬁlfqe A 8%%%0#%%& 4 or of
ant enna graspsstatyd, 1004 Mabide $B6orads @mria chesingniedti¢m witnantenmeaed,t where
nobi | e stati.ons i sector., .sectors 12Q. 122. a 124 es tiv o
of the ar e%rgenglgvheé% T é’%‘fé’r@?é?rf ?5?1 mgjyle station 108 St HRARE T/ T1¥ ana
receives information from mobile station 108 over reverse link 112. Mobile station 110

is in communication with antenna 106, where antenna 106 transmits information to
mobilc station 110 over forward link 118 and reccives information from mobile station
110 over reverse link 116.
[00024] Each group of antennas 102, 104, and 106 and/or the area in which they
are designed to communicate is often referred to as a sector of the base station. In the
embodiment, antenna groups 102, 104, and 106 each are designed to communicate to
- mobile stations in a sector, sectors 120, 122, and 124, respectively, of the areas covered
by base statibn 100.
[00025] ~ In order to allow for efficient processing of data symbols, base station
100 may transmit pilot symbols from sectors 102, 104, and 106 that may be identified as
being different from each other. In certain aspects, this may be performed even if the
pilots are transmitted on the same subcarriers and at approximately the same time from
two sectors at one time. For example, this may be performed by multiplying the pilot
symbols of each sector by a common scrambling code for the cell and a first code with
low cross-correlation, e.g. an oﬁhogona] code, which is specific for the particular sector.
In this way, interference for pilot symbols transmitted from a given sector is decreased
with respect to any other sector. In addition to the first code for the sector, a second
code with low cross-correlation, e.g. an orthogonal code, quasi-orthogonal, or a PN

code, may be used for each portion of the code that is repeated in a given OFDM
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and i ncl udggsigRnO(UR),! a WiRidsd Rohirnitatitioh @fvicedlernfodlpascepidtining or some
Node B, or somne other term nology. A nobile station may al so be
referred t othes teraePlpa| ude sone or all the functionality of, a

mobi | e st aid(ﬂﬁﬂ a useky RE4 RERL ik URmnRnatiSh 6% fth CATBME @aduOdr antenna
device, te n1naF, access termnal or some other terminalqgy. [0Q027

As used hegenarally refexsitorti atiennes SFpupOTARERA dha) AibTRSPYISRI R fQ frapsmission to 2
general |y rehe resst%t?ont. hg, qgé &g s g{aﬂ&ﬂis%%naﬁ&ﬁn?p%éﬂﬂ@t sthtfor!, SRAGPR Bhtenna
for transm'ssion to a nobile station. In the case of transm ssion

from a nobigtepstrady baytiliaddtth peesiventrammissiopsonpidingyutidizing $qff owethentypes of
receive transmssions including utilizing soft or other types of

conbi ni ng. cf’@glﬁ'?%% It should be noted that while Fig. 1, depicts" )
physi cal s¢@i0283, | . et sheuld g notdd fret etledtis ehniepiptoplsidabsedprs e.drmving
sectors, other approaches may be utilized. F exanple, utilizi.

mul tipl e fdidégentanipana gioups dor a‘fgﬁ‘tﬁ%‘&rseaﬁ“ﬁ’ é’%ﬁt aPé’F%n%i‘e%fn Whes E{éﬁ%cﬁ nf ot

example, utilizing multiple fixed “beams” that each cover different areas of the cell in

frequency space may be utilized in lieu of, or in combination with physical sectors.
Such an approach is depiéted and disclosed in copending US Patent Application Serial
No. [Not Yet Assigned], Attorney Docket No. 050917, entitled “Adaptive Sectorization
In Cellular System,” and filed on even date herewith, and which is incorporate berein by
reference in its entirety. In such a case, different “beams” may be assigned different
scrambling sequences and code with low cross-correlation s as described herein.

[00029] As discussed above, a first code with low cross-correlation is used to
multiply the pilot symbols at each sector that is orthogonal or quasi-orthogonal to
another first code with low cross-correlation used to multiply the pilot symbols of each
other sector of the cell. In addition, a second code with low cross-correlation is utilized
to multiply the pilot symbols after multiplication by the first code in each sector. This
second code with low cross-correlation, which may be any number of orthogonal or
quasi-orthogonal codes, is used to multiply over the length of the first code, with a
different second code with low cross-correlation used in a single sector. This is

illustrated in Table 1 below:
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P2(10) T WE10) pAV16) fiPe®a (qua) P5( 10Y2(87 12 PWB) 12) /iP2( 12) WalB) | Pe(®)
Ve(12) Pa(lz) TTe WReeyY) 2:0052) 7, W2(10) | Pa(10) | fio Ws(10) | Ps(10)
Ji2 Wi(12) | P,(12) | fiz Wo(12) | Ps(12) | fi2 W3(12) | P&(12)
Ji4 Wi(14) | P(14) | f1e W2(14) | Po(14) | f14 Ws(14) | Pe(14)
[00030] In the examples of Table 1, pilots occupy tones f, £, f4 f5 /5 [0, fiz and

J12 in a given OFDM symbol for all sectors of a given cell. A cell specific scrambling

code may or may not be applicd. In some aspccts this cell spccific scrambling codc may

be applied as S(0), S(2), S(4), S6), S(8), S(10), S(12), and S(14).

This is then

multiplied by a first code W1(0), W1(2), Wi(4), W1(6), W1i(8), W1(10), Wy(12), and
Wi(14) for sector 1, a first code Wa(0), Wa(2), W2(4), W2(6), Wa(8), W(10),
W>(12),and W,(14) for sector 2, and a first codeWs(0), Wi(2), Wi(4), W3(6), Wa(8),
W3(10), W5(12), and W3(14). In some aspects, the first and, or, second codes W;, W,
and W5 may be Walsh or Exponential codes. Also, each of the first code generally has a

length that is less than a number of tones utilized for pilot symbols. For example, the

codes W1, W2, and W3 may have u length four, such that each first code is repeated twice
in each OFDM symbol for each sector. That is, the first code used to multiply the pilot
symbols for subcarriers fo, f5, f2, and f;, and the first code used to multiply the pilot
symbols for subcarriers f, f0, fi2, and f}, is identical. The received signal at tone 7 for
the user is given by S(E) (Wi(DPNDH; () + W2(D)Pn(DH2(D) + Wa(D)Px(DHs(i)) + noise,
wherce Hj, H; and H; arc the channcls from scctors 1, 2, and 3 rcspectively.

[00031]

Even though Wi, W3, and W3 may be orthogonal or quasi-orthogonal to

each other over tones {0,2,4,6}, the pfoducts of any two of Wi({)Hi(i), W2()Hx(i) ,and




fra W(14) P2(14) 74 W(14) P4(14) fro V\B(14) P6(14) [00030] In the

exanpl es pil ots occupy tonesfo, f4, fo6f

f 4rr})n a 3‘{’9/%@9)&%6%2 synbol for all sectors of a gi ven Cﬁ’&/{]%zook/r)@?&
specific scranbling code may or may not be applied. In sone aspects
this cell specific scranbling code nmay be applied as S(0), S(2),
S(4), S(6), S(8), S(10), S(12), and S(14). This is then nultiplied
by a first code W(0), W (2), W(4), W(6), W(8), W(10), W (12),
and WL(14) for sector 1, a first code W(0), W(2), W(4), W(6),

W (8), wWe(10), We(12),and We(14) for sector 2, and a first
codeWs(0), WB(2), WB(4), WB(6), WB(8), WB(10), Ws(12), and WB(14).
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uasi - ort hogonal , any channel. H, H or ows signific ’
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because of pHales €libaneloVGiIt t@ichha Lmhsvéfm cefrcMh(m) H(i), We(i)H2(i)
and V\B(I)F@{lg%q actuall rovide a very gh correlation. In this
r ]

case, the be MAuliigpsecosdspd ﬁﬁfmﬁhé’e Cpﬁﬁté@tffé'ﬁéﬁt?éeﬁgtbmfﬁhq Besg code, |
of the tWohsPedd Pary For SHEF GTasied ik tek'féhﬂ%?oﬁ ﬁlesigﬁ:é}ﬂ%fqﬁ)éjﬁrst RBle in a
may be constant over the length of the first- tTo In Sonme aspects,

t he secon&agﬁd@Ct%dtéthﬁeb%n@tcé%@tdfbpmq?m moaenﬂoldlff@m@sﬁmcgph fegtor. .
brovi des. hae sy an; PEPEE Fod st meh BRTR nenceaty BestBl bt ey o iz
sect or s hasrderinttiagh seasor & apiplied to thei diffevant pilat subnatnizss ia wtiléftermaite sure no
phase for pilot symbols are multiplied by a same second code. Additionally, the sectors may
. utilize different combinations of some of the same or some of the different codes.
[00033] In some cases, it may be desired that the pilots will have to occupy the
same set of tones in different sectors. Therefore, if pilot hoppirig is used, we have to
ensure that it is the same for different sectors.
[00034] Referring to Fig. 3, a multiple access wireless communication system
according to another embodiment is illustrated. - A multiple access wireless
communication system 600 includes multiple cells, e.g. cells 602, 604, and 606. In the

embodiment of Fig. 3, each cell 602, 604, and 606 may include multiple sectors, not

shown, which are in communication with mobile stations 620. As discussed above, each
cell 602, 604, and 60 may utilize 2 different cell specific scrambling code to multiply
pilot symbols transmitted from its sectors. Each sector may then operate according to

any of the aspects and utilize any of the features described herein.



different regions of frequency due to the code PN used, and across

di fferent ances. Wien an interpolation is perf
frequencyV%?Q§VQ§ﬂ§%he different phases wll average ou?é?ﬁgylé@§ﬁ§7
| ow overall correlation. [00032] Wile the second codes may be
constant over the length of the first code, they may vary for other
subcarriers that extend beyond the length of the first code in a

sane sector. It should be noted that the second codes may different
for each sector.. Alternatively, the secgnd codes may be the same in
each sector, but have a different order 1n each sector as applied to
the different pilot subcarriers in order to nake sure no pil ot
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In an enbodVRERLS. Bag fety zate, odingand o dﬁ%ﬁtreémr@%g%fi?t@@med

transmt arﬁﬁi’ﬁﬂ@ucﬁ@ﬁs%i‘@rﬂ%@&@ﬁﬁﬁz’idﬁhﬁf ﬁr@66§§61883000d93 and
interl eaves the traffic data for each data stream based on a

particul ar 9803Hy sch&he mabilationcsyrihels farall dafe streama ars thenmrevided to a TX

coded dat a.

processor 820, which may further process the modulation symbols (e.g., for OFDM).
TX processor 820 then provides Ny modulation symbol streams to Ny transmitters
(TMTR) 822a through 822t. Each transmitter 822 receives and processes a respective
symbol stream to provide one or more analog signals, and further conditions (e.g.,
amplifies, filters, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. Ny modulated signals from
transmitters 822a through 822t are then transmitted from N7 antennas 824a through 824t,
respectively. |

[00038] At receiver system 850, the transmitted modulated signals are received by
N antennas 852a through 852r and the received signal from each antenna 852 is
provided to a respective receiver (RCVR) 854. Each receiver 854 conditions (e.g.,
filters, amplifies, and downconverts) a respective received signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a
corresponding “received” symbol stream.

[00039] An RX data processor 860 then receives and processes the Nz received

symbol streams from Ny receivers 854 based on a particular receiver processing



[ 00036] The coded data for each data streamnmay be nultiplexed with

pi | ot dat DM techni ques. The pilot data is typ
known datgvpa ?}earglnl hat is processed in a known manner gﬁg)ujrsr%oy@/%nw

used at the receiver systemto estimate the channel response. The

nodul ated (i.e., synmbol nmapped) based on a particul ar nodul ation
schene (e.g., BPSK, QSPK, M PSK, or M QAM selected for that data
streamto provide nodul ati on synbols. @f data rate, coding, and
nodul ati on for each data stream may be determined by instructions
performed on provided by processor 830. [00037] The nodul ati on
synbols for all data streans are then provided to a TX processor
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[00041] The channel response estimate generated by RX processor 860 may be
used to perform space, space/time processing at the receiver, adjust power levels, change
modulation ratcs or schemes, or other actions. RX proccssor 860 may further cstimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provides these quantities to a processor 870.
RX data processor 860 or processor 870 may further derive an estimate of the
“operating” SNR for the system. Processor 870 then provides channel state information
(CSI), which may comprise various types of information regarding the communication
link and/or the received data stream. For example, the CSI may comprise only the
operating SNR. The CSI is then processed by a TX data processor 878, modulated by a
modulator 880, conditioned by transmitters 854a through 854r, and transmitted back to
transmitter system 810.

| [00042] At transmitter system 810, the modulated signals from receiver system
850 are received by antennas 824, conditioned by receivers 822, demodulated by a
demodulator 840, and processed by a RX data processor 842 to recover the CSI reported
by the receiver system. The reported CSl is then provided to processor 830 and used to
(1) determine the data rates and cbding and modulation schemes ‘to be used for the data



correspondi ng data stream. RX data processor 860 then denodul at es,
deinterle decodes each detected synbol stream

t he traff?%§%ezagﬁor the data stream The processing byﬁﬁaﬁﬁgﬁga%ﬂw
processor 818 is conplenentary to that perforned by TX processor 820
and TX data processor 814 at transmtter system 810. [00040] RX
processor 860 may derive an estimate of the channel response between
the NT transmt and NR receive antennas, e.g., based on the pil ot
information nultiplexed with the traffif data. RX processor 860 nmay
identify the pilot synmbols according to bilot patterns stored in
nmenory, e.g. nenory 872 that identify the frequency subcarrier and

- synbol perrod assigned to each pilot s nbol. In addition, the cell ,
scranbl i ngSEeIes %‘Hg 5&%@%&@% Engglfelor X gatamracessRichid ¥sEX mpegssor

| ow cross- gggr ragreeﬁatway,rrﬁydg@ n%%@gnlhiédnw&es%gr Bhdto H&%ﬂ%@&umn

utilized by RX processor 860 to nmultiple tthe received synb
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for the d_a%il%e\/\i%c%%(%z /gr%%%s%gngpgerclhmsq%%g 6/W 610 8lee also referred to as equalization

techniques); and (ii) “successive nulling/equalization and interference cancellation”
receiver processing technique (which is also referred to as “successive interference
cancellation™ or “successive cancellation” receiver processing technique).

[00046] Whilc Fig. 4 discusscs a MIMO systcm, the same systcm may be applicd
to a multi-input single-output system where multiple transmit antennas, e.g. those on a
base station, transmit one or more symbol streams to a single antenna device, e.g. a
mobile station. Also, a single output to single input antenna system may be utilized in
the same manner as described with respect to Fig. 4.

[00047] Referring to Fig. 5, a flow chart of a method of pilot symbol assighment
according to one embodiment is illustrated. A plurality of pilot symbols are generated,
block 900. The first code for the sector is then utilized to multiply the samples of the
pilot symbols, block 902. A second code for the sector is then applied to the pilot
symbols, block 904. In some cases, the second code is constant over the length of the
first code. In other cases the second code can be any length and vary over more less of

the length of the first code. Further, multiple instances of the first code may be



11 streanms and (2) generate various controls for TX data processor
814 and T 820. Alternatively, the CSI may be Ll
processor%@é&?}gggg{ erm ne nodul ati on schenes and/ or coﬁ?%@%@?@%og%
for transm ssion, along with other information. This, may then be
provided to the transmtter which uses this information, which my be
gquanti zed, to provide later transm ssions to the receiver. [00043]
Processors 830 and 870 direct the operation at the transmtter and
recei ver systens, respectively. Menories 2 and 872 provide storage
for program codes and data used by processors 830 and . 870,
respectively. The nenories 832 and 872 store the cell specific
scranbl i ng sequence, an he first. and second codes wth | ow ’ X
cross-corrngﬁwgﬁggpyfgﬁ%%ﬂfS?%%@e 8?se§§bnﬁﬁﬁp SYPRR]s @t thay fregsgnitted,
the cell spehickigoescranbling sequence and the first and second codes

code wth | cross-caorrelation to multiply the pilot synbols for .
each sector ,(%Qéslgppr optaferme teolig4 6y 2 Alogk diageme iof @spedispf pprions of a multi-
processi ng 5agsNbAlSktiBRYs FRudmed t 8 BEOSRNSH s iﬂﬂﬁldre%&lﬁgfedse%t&mle%e for
to detect the Ni. transmtted synbol streans. These recelver

processi ng thechiaPetss ofillystrsiog: enlp dginentwe. t Bowaversany manksymfisestots jnay be
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wher o mut ¢ | BHECk Faecie eheaiens < it i anBi v miffnlied pubf pyritols, Blocks
transmt one00¥ an®I0®6I¢sPretiveyr eans to a singl e antenna device, e.g.

a nobile s ion. Al so, a.single oufput to single input antenna

system may {@hﬁﬁ | i zei%Fﬁ§° HBI%8 geriban Merera snayelc Fnpemetlied foyresigee means.
to Fig. 4. F&0Q4dhpRefttede BehhRuE! Gnay bed ithp RMBRA tn Hardvire! ROAWSEe, or a
pil ot synbol assignnent according to one enbodinent is i1llustrated.

A pl ural i t yoRbigation theyeesoFer ahardyere implementaipn e pogressipg unity within 2 base
code for thg.SRLO4 nicbilbRBRion thay ] i it ‘ .

pi l ot synbols, block 962§ AOgec%%ggggggng%%ﬁkﬁ%%géggéﬁqggkﬁﬁgﬁ&wkg%pmnﬁc
appl i ed t o infrerged ircuits (ASICs), digital signal processors (DSPs), digital signal processing

devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), proccssors, controllers, micro-controllers, microproccssors, other clectronic
units designed to perform the functions described herein, or a combination thereof..

- [00050] For a software implementation, the techniques described herein may be .
implemented with instruction (e.g., procedures, functions, and so on) that may be
utilized by one or more processors to perform the functions described herein. The
instructions may be stored in memory units and executed by processors. The memory
unit may be implemented within the processor or external to the processor, in which
case it can be communicatively coupled to the processor via various means as is known
in the art.

[00051] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these embodiments may be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



synbol s, block 904. In sone cases, the second code is constant over
the | engt Ry@hod7RS11sEi rst code. In other cases the Seco”dpffﬂﬁmﬁaﬂgﬁ§7
any length and vary over nore less of the length of the tirst code.
Further, nultiple instances of the first code nmay be WD 2007/ 051155
PCT/ US2006/ 060287 12 nultiplied by different second codes. The
multiplied synbols are then transmtted, block 906. [00048]
Referring to Fig. 6, a block diagram of aspects of portions of a

mul ti- sector base station is illustrated. A base station may include
mul ti ple sectors, here for the purposes™of illustration only being
two. However, any nunber of sectors may be wutilized, e.g. three as

depicted in Fig. 1. Each sector jngludes, a ans _for.n i | :

D1 ot SyrbiBeendal (b Riedto duanbarme S SLORE ebaR o s ok bR g idest
1004 r espeglib¥ebsistedt it AlasiRIRe Al wyveNfeafireydisclofeddtchein. and may
both be of a sanme length, with different second codes being used for
each group of pilot synbols nultiplied by the first code. A pair of
respective transmtters is utilized to transmt the nmultiplied pilot
synbol s, blocks 1002 and 1006 respectively. ,[000491 The techni ques
described herein may be inplenented by various neans. For exanple,

t hese techni ques nay be inplenented in, hardware, software, or a
conbi nati on thereof. For a hardware inplenentation, the processing
uni.ts within a base station or a nobile station nay be inplenented
Wi thin one or nore application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmabl e | ogic devices (PLDs), field programmabl e gate
arrays (FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic wunits designed to performthe
functions described herein, or a conbination thereof. [00050] For a
sof tware inpl enentation, the techni ques described herein may be

i npl enented with instruction (e.g., procedures, functions, and so on)
that may be - utilized by one or nore processors to performthe
functions described herein. The instructions nmay be stored in nenory
units and executed by processors. The nenory unit nmay be inplenented
within the processor or external to the processor, in which case it
can be comuni catively coupled to the processor via various means as
is known



in the art. [00051] The previous description of the disclosed

enbodi nents is provided to enable anyigerson skilled in the art to.
make or use the present invention. Various nodifications to these
enbodi ments nay be readily apparent to those skilled in the art, and
the generic principles defined herelGLABSbe applied to other

enbodi mnents without departing fromthe spirit or scope of the

i nvention. Thus, the present invention is not WO 2007/ 051155

PCT/ US2006/ 0§@d&Tess t3minitneades apgarigs, lihdihdiggt to the embodi nents shown
herein but is to be accorded the wi dest scope consistent with the
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store at ast one first sequence of & group O Irst sequences,

havi ng aqlonccofasgroapnf sdcahd esyquandel, leadty Oloherrossaforgldtionstit erglotheand

at least two, second  sequences o roup of second sequences, having
a | ow & Bstishg Iﬂ&‘"ttil%ﬁl%i%ﬁrﬁt@éé{ﬁe ‘g’fsg&“,gﬁ’éfinda second length that is
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t r ans mitettegtsirteh fecac hadf ofa phuatigl oftantapha antuprnaliging tipsat idast ore fivgt t he
at | east one fiJﬁt ﬁﬁ{s?e uence and the at |east two second sequences.
2. The WHYLFedy CoMMMmAPrcari 6 aplSardfts of claim 1, wherein the
mermory 1.s f urHehgirele GBI B EHioh QppAraiS ofcIBRf ANRhERE: HEMANEE iAfher
wherein the processor is further configured to nmnultiply the pilot

symbol soniigred Hestgisraaspnpliesequense end gherpinethpiprasicesss isciornthremiopieinsd to
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si ngl e ‘scr g sequence. eél'ess communi cati on appar at us
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a processor. 5. The wireless comuni cati on apparatus according to any
one of BIlEGsTE Snalesgamiphes &AM rcuit is configured to nodul ate each
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pattern. v
the circuit includes a processor.

5. The wireless communication apparatus according to any one of claims 1 to 4, wherein
circuit is configured to modulate each pilot symbol with a carrier frequency according to a
predetermined pattern. |

6. The wireless communication apparatus of claim 5, wherein the predetermined pattern
1s a same for each antenna group.

7. The wireless communication apparatus of claim 6, wherein the circuit is configured to
vary the predetermined pattern over time.

8. The wireless communication apparatus according to any one of claims 1 to 7, wherein
each antenna group corresponds to a different sector of a base station.

9. The wireless communication apparatus according to any one of claims 1 to 8, wherein
the first sequence is a Walsh code. ’

10. The wireless communication apparatus according to any one of claims 1 to 9, wherein
the group of first sequences are orthogonal codes.

11. The wireless communication apparatus according to any one of claims 1 to 10,
wherein the group of second sequences are PN sequences.

12. The wireless communication apparatus according to any one of claims 1 to 10,

wherein the group of second sequences are exponential codes.



6. The wirel ess conmuni cati on apparatus of claim5, wherein the
predeterm ned pattern is a sane for each antenna group. 7. The

W rel ess communi cati on apparatus of claim®6, wherein the circuit is
configured to vary the predeterm ned pattern over tinme. 8. The

wi r el es§3-confrih¢tbed poansppingtpilet seelwidinalpding: any one of cl ai ms | ;o
7, wherein : r QqQn to a different.sector of .a
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code. 10. The wirel ess conmuyni cati on apparatus according to any one
of cl ai O FGUGICCHARR &THP A RECOGF SEfresecsr 1P dne & kyueinsesorsglgion with each
ort hogopglk,.codes. H The wirel ess communi cati on apparatus accordi ng
to any one of clainms | to 10, wherein the group of second sequences
are PN sequemck®lyid@secThe pilbtr ihdeés fooameond aticom apppandtiziag ackiad shqpence

to any g of clai 1 to 10, erein th roup of _second sequences
are eip%{r}g?ngfoéﬂp O?é%%?:.eqLTgcesla?q a\ﬁTeﬁgttWBchW 1 F5AHRESE O ISR JisCeYibol s
i ncl udi Rgueddd;ti plying first pilot synbols for a first antenna group
utilizing a first sequence of a group of first sequences, having a

| ow cr oss- coFanematting thapitshpidshimbphieem tenidrsaanttmagrotmend second

sequences of r.oup..of second sequences,. havin | ow

cr gss- correl 'K I|S%1r11t%\r/\1,48tﬂllle TaC aoplg tﬁ%quﬁfcﬁlﬁﬂbﬁ i?fz?fbcp%@%}%‘dgl%tm ot symbol s
for a secondlianhensaogeiaip 181 fukthaiingudinghi rd sequence of the group
of first sequences and at |east two fourth sequences of the group of
second sequBRERYINg thedupknilot pynbHeand the seqan gilosmpsils by opsrembling r st
antenna.group;, and transnmitting the second pilot symbol fromthe
second antenna group. 14. The nethod of claim 13, further including:
mul ti pl yi ng mhhléphiimgthidigilot sysybdiofs aghidd titenrsegonduiliziog osyatat sirdty a

scranblin equence; ltiplying third pilqgt synbols for a third
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15. The method of claim 13 or 14, further including modulating each pilot symbol with a

carrier frequency according to a predetermined pattern.

16. The method of claim 15, wherein the predetermined pattern is a same for each antenna
group.

17. The method of claim 16, further including varying the predetermined pattern over
time.

18. The method according to any one of claims 13 to 17, wherein each antenna group

corresponds to a different sector of a base station. ‘

19. The method according to any one of claims 13 to 18, wherein the first and third
orthogonal sequences are Walsh codes.

20. The method according to any one of claims 13 to 19, wherein the group of first
sequences are orthogonal codes.

21. The method according to any one of claims 13 to 20, wherein the group of second
sequences are PN sequences. |

22, The method according to any one of claims 13 to 20, wherein the group of second
sequences are exponential codes.

23. A wireless communication apparatus including:



transmtting the third pilot synbol fromthe third antenna group. 15.
The met hod of claim 13 or 14, further iencl udi ng nodul ati ng each pil ot
synbol with a carrier frequency according to a predeterm ned
pattern. 16. The method of claim 15, wherein the predeterm ned
pattern is anemyeof Bpltokdng At ednaasynpobupr a fivst afisenarerhpadtibing bdirsh
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19. The method according to any one of clains 13 to 18, wherein the
first a¥dheashodrort hogonal sequences are Wl sh codes. 20. The nethod

according t ; L : i 0 P
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of cl aithed §Quence2d, thaevp@ueiof firdiecqyreocys anfl askeando feaguenoageanthPNroup
sequences. 22. The nmethod according to any one of clains 13 to 20,

mhereiﬁ’?ﬁ?néﬁgﬂﬁn8ﬁ°second sequences are exponential codes. 23. A
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first pilot synbols for a first antenna group uti'lizing a firs
sequenceowf agd group of first sequences, having a | ow 4
cross-correlation, with.each ether and at..|east .t second. sequences
of a group (%?S e[g%ngi oh dlsgqétg%rec ﬁgg%?leﬁllg{/tir%ﬁmét PEIC ng\ggtcsé’ i é)ﬁlsaftr?%% SeHh
each otahenna p@aps for multiplying second pilot synbols for a second
antenna grou utilizin? a third sequence of the group of first
sequencdds andicaprirais ol elagn 28 uirthesiagludingercans fqrmeodyiaing caplt plecamdo

Sequentaf a aufib! (lathANMLIES! 1 CONLIQULAAd Qudpnsm { the Tirst pilot
synbols Troma first antenna group; and a Second transmtter
confi gided tlhetappmsisiof then Sechntepintiotingyidaak sorfuagyimatsesattbrmined
ant ennaﬁ)a él‘g% ser time.
26. The apparatus according to any one of claims 23 to 25, wherein each antenna group
corresponds to a different sector of a base station.
27. The apparatus according to any one of claims 23 to 26, wherein the first and second
sequences are Walsh codes.
28. The apparatus according to any one of claims 23 to 27, wherein the group of first
sequences are orthogonal codes.
29. The apparatus according to any one of claims 23 to 28, wherein the group of second
sequences are PN sequences.
30. The apparatus according to any one of claims 23 to 28, wherein the group of second
sequences are exponential codes.
31. A processor readable medium including instructions thereon that may be utilized by
one or more processors, the instructions including:
instructions for multiplying first pilot symbols for a first antenna group utilizing a first
sequence of a group of first sequences, having a low cross-correlation with each other and at
least two second sequences of a group of second sequences, having a low cross-correlation
with each other; |
instructions for multiplying second pilot symbols for a second antenna group utilizing

a third sequence of the group of first sequences and at least two fourth sequences of the group

of second sequences;



24. The apparatus of claim 23, further including neans for nodul ating
each pilot synbol wth a carrier frequency according to a
predeterm ned pattern. 25. The apparatus of claim 24, further

i ncluding nmeans for varying the predeternmined pattern over tine. 26.
The appar at usnsicctons fog tragsnaittngthe fioft pdbedymboRIrém aXhst anenne igroupa ard
antenna group_ _corresponds to.a different secto f a base station.
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the first and second sequences are Wil sh codes. 28. The apparat us
according to any one of clainms 23 to 27. wherein the group of first
sequences are orthogonal codes. 29. The apparatus according to any
one of clains 23 to 28, wherein the group of second sequences are PN
sequences. N. The apparatus according to any one of clains 23 to 28,
wherein the group of' second sequences are exponential codes. 31. A
processor readabl e nmediumincluding instructions thereon that nmay be
utilized by one or nore processors, the instructions including:
instructions for multiplying first pilot synbols for a first antenna
group utilizing a first sequence of a group of first sequences,
having a | ow cross-correlation with each other and at |east two
second sequences of a group of second sequences, having a | ow
cross-correlation wth each other; instructions for nultiplying
second pilot synbols for a second antenna group utilizing a third
sequence of the group of first sequences and at |east two fourth
sequences of the group of second sequences; 17 instructions for
transmtting the first pilot synbols froma first antenna group; and
instructions for transmtting the second pilot synbols froma second
ant enna group.



