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frequency division nultiplexing (OF s ’a multi-carrier
nodul ati on technique that partitions the overall system bandw dth

into nultiple (N orthogonal fr arriers. These
subcarriers may al so be call ed tﬁ%@?éé‘ig,ﬁﬁand frequency channel s.
Each subgarri gfeys may be nodul ated with data. Up to N nodul ation
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[002] In @%H]ﬁg% ¥vdlQpPi Ng conmuni cation system data is
transm tfe on ﬁ?ﬁe ent” frequency subcarriers in different

time-intervals, which maybe referred to as "hop periods." These
frequenc¥ subcarriers nmay be provided by orthogonal frequency

di vi si onTkul t Backgrawpd ot her nulti-carrier nodul ation techniques, or
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transm ssion to better w thstand del eterious path effects such as
narrow Beddlatinn éechaiqua thet pprtitionside ofverdllisysterabdndwidtnintd ®EBipleA@N)OFDVA
systemc t multiple .mobile stations simyltaneously. Fqor a
frequencéﬂ%ﬁqﬁgﬁgewms@ﬁwgﬁ Beses cmﬁéﬂ?@?% ‘faglfea égln@F’\}E’Pﬁ .and
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with a specific frequency hopping (F sequence. This sequence
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inverse fast Fourier transform (IFFT) to generate a transformed symbol that contains N
time-domain chips or samples.

[002] In a frequency hopping communication system, data is transmitted 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

( division multiplexing, other multi-carrier modulation techniques, or some other
constructs. With frequency hopping, the data transmission hops from subcarrier to
subcatrier in a pseudo-random manner. This hopping provides frequency diversity and
allows the data transmission to better withstand deleterious path effects such as narrow-
band interference, jamming, fading, and so on.
[003] An OFDMA system can support multiple mobile stations simultaneously. For a
frequency hopping OFDMA system, a data transmission for a given mobile station may
be sent on a “traffic” channel that is associated with a specific frequency hopping (FH)
sequence. This FH sequence indicates the specific subcarrier to use for the data

transmission in each hop period. Multiple data transmissions for multiple mobile
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[006] One type of FH-OFDMA system is a blocked hop system where multiple mobile

~

stations are assigned to a contiguous group of frequencies and symbol periods. In such a
| system, it is important that pilot information be reliably received from the mobile station,
(, while at the same time reducing the bandwidth that is allocated to pilot information,
. since the block has a limited amount of symbols and tones available to be used for both

pilot and data transmission.

SUMMARY
[001] In an embodiment, pilot symbol patterns are. provided for pilot symbols

transmitted from a mobile station or a base station. The pattern allows for improved
receipt and demodulation of the pilot symbols transmitted.
[002] In additional embodiments, schemes for improving the ability to multiplex pilot

symbols without interference and/ or biasing from different mobile stations in a same
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[007] Fig. 2 illustrates a spectrum allocation scheme for a multiple access wireless
communication system according to an embodiment;

[008] Fig. 3A illustrates a block diagrams of a pilot assignment scheme according to an
embodiment;

[009] Fig. 3BA illustrates a block diagrams of a pilot assignment scheme according to
another embodiment;

[0010] Fig. 4A illustrates a pilot symbol scrambling scheme according to an
embodiment;

[0011] Fig. 4B illustrates a pilot symbol scrambling scheme according to another
embodiment;

[0012] Fig. 5 illustrates a base station with multiple sectors in a multiple access
wireless communication system according to an embodiment;

[0013] Fig. 6 illustrates a multiple access wireless communication system according to
another embodiment;

[0014] Fig. 7 illustrates a block diagram of an embodiment of a transmitter system and
a receiver system in a multi-input multi-output multiple access wireless communication

system,
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[0015] Fig. 8 illustrates a flow chart4of a nethod of pilot synbol
generation according to an enbodi nent; and [0016] Fig. 9 illustrates
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station. yfif,dder eﬁﬂ%ﬁéﬁﬁ%@upﬂﬂ&%@éﬁﬁfnﬁy B2 $8or ofase &b, WGhie
are designed to communi cate to nobile stations in a sector, Sectors
1§0, 122stationd 1084]s e sppniunietipn with t dntermae b, colere eshtering DS @ransmits

station 100. t.[0019]. . A base ation mype a_ fixed station used for

communi CH’_&? it 1A nP‘iL]%étWﬂz’ltgsoveégﬂwﬁﬁ{jh@? L4 pnd vesives ’@&’%ﬁ% ﬁ&m
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Wi 1 el essantexmmarifb,c wherenamendac £06 thensmitslinfoanatbss td eidbileadtation $ 00 ver

ot her term no ...[0020] Referring.to Fig. 2, a spectrumallocatjagn
schere f&rwarirﬁgg i%%eanée%%%es\/wcgm@glgn froghmnbile taton dPsquskreverse link

illustrajgg. A plurality of OFDM synbols 200 is allocated over T
synbol periods and S frequency subcarriers. Each OFDM synbol 200
conpri sef)018] 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 station 100.

[0019] A base station may be a fixed station used for communicating with the terminals
and may also be referred to as an access point, a Node B, or some other terminology. A
mobile station may also be called a mobile station, a user equipment (UE), a wireless
communication device, terminal, access terminal or some other terminology.

[0020] Referring to Fig. 2, a spectrum allocation scheme for a multiple access wireless
communication system is illustrated. A plurality of OFDM symbols 200 is allocated
over T symbol periods and S frequency subcarriers. Each OFDM symbol 200 comprises
one symbol period of the T symbol periods and a tone or frequency subcarrier of the S
subcarriers.

[0021] In an OFDM frequency hopping system, one or more symbols 200 may be

assigned to a given mobile station. In an embodiment of an allocation scheme as shown
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[0024] In the case of a yeverse.]i.nk compuni cation, so of the .
Synbol s SPERSLRer ataibftcR 56 dRkegel Jeierresin SR By Barl s
are trangdmhh | | '

assi gnnent o?ﬁfg?%m% %o{%&ft l%)a%‘t3 Eﬁgﬁé@ %‘%T%thgkggﬁ%%ﬁﬁ %{E e Cg(rygfﬁ S;/E%n
support sBpube pstudoghndommwith yebpechiodhs boyf SighBices fdrarcerbyibgsastationfs. This
different nobile statjons.aqverlgpping on the sanme_ hop region can be
separ at eﬁla}ﬁug‘e}ﬂ’o rﬁﬁ‘ﬁ?‘P‘&Fe TS “&tﬁ’%%‘ﬁﬂ%?s apong gt GrobaE siptigns m
station, c&%ﬁxﬂﬁiﬂé%ﬁﬁﬂﬁﬁfﬁbﬁtﬁﬁ&f&%ﬁf spatial signatures

corresponding to different nobile stations. To nore accurately
extract H024&ntistdaat ef a reverse link communication, some of the symbols 204 of a hop

region 202 are assigned to pilot symbols that are transmitted from the mobile stations to
, the base station. The assignment of pilot symbols to the symbols 204 should preferably
Q support space division multiple access (SDMA), where signals of different mobile
stations overlapping on the same hop region can be separated due to multiple receive
antennas at a sector or base station, provided enough difference of spatial signatures
corresponding to different mobile stations. To more accurately extract and demodulate
signals of different mobile stations, the respective reverse link channels should be
accurately estimated. Therefore, it may be desired that pilot symbols on the reverse link
enable separating pilot signatures of different mobile stations at each receive antenna
within the sector in order to subsequently apply multi-antenna processing to the pilot

symbols received from different mobile stations.
[0025] Block hopping may be utilized for both the forward link and the reverse link, or
just for the reverse link depending on the system. It should be noted that while Fig. 2
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I ndependent of pilot placepent. The
term of a Taylor expansion, and the linear component, a first order term Taylor

expansion, of the channel across the time and frequency span of the channel. Generally
(- estimation accuracy of the constant component is independent of pilot placement. The
estimation accuracy of the linear component is generally preferably achieved with pilot
tones located at the edges of the hop region.
[0028] Pilot symbols 302 and 322 are arranged in contiguous pilot symbol clusters 304,
306,.308, and 310 (Fig. 3A) and 324, 326, 328, and 330 (Fig. 3B). In an embodiment,
each cluster 304, 306, 308, and 310 (Fig. 3A) and 324, 326, 328, and 330 (Fig. 3B)
within a hop region, has a fixed number, and often the same number, of pilot symbols
within a given hop region. The utilization of clusters 304, 306, 308, and 310 (Fig. 3A)
and 324, 326, 328, and 330 (Fig. 3B) of contiguous pilot symbols may, in an
embodiment take into account the effect of a multi-user interference caused by inter-

carrier interference which results from high Doppler and/or symbol delay spreads.
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cycl i c phep rsgiwt howeverengidipgtibe situstion mésresilbjtiie fpilotspmbols ereatt Greecdges f
pi I ot sng@lle%Oarréa .cl)ocat ed exclusively at the edges of a hop region

t here may b€ G Abation in channel estimation accuracy and a bias

i n i nter{go2ep Q@f&ﬁh% E@Fié@ BA, aﬁs? e&iorPS00%8 BbisipRSEd JF pio8SymBias 80 RBhe
pil ot synbols are placed close to the edges of the” hop region,
however , casgcifothagnelhavidy 2 peerioyncedhBequenty saléntiviy Irathes $habdime aclectivity,

Fegi on sBtetRymbfi 3t Bt F R in b Ephutils stmbo i J04. 306, S %ha 310
channel syt &hcR ;?ro@ ROKBEE Glviste BOAN Y6, SIS %ayjlt()ysg;a%ﬁ ry ?ngf.‘?% .t Sibol

selectivity, pilot Synbols 302 are l'ocated in contiglou
synbol cberadgrapd 304 fregodicy308;. Emulfréq@ncyvionh iepreferghly chossyidbdé close to
cluster 304,. 30 308, and 310 anni ng .a i pl e synbol _perjods
and one éi&ﬁ%qr@vh‘? ﬁ(é‘?en?%ﬁanfgfsé’gﬂ?ﬁ@? rg%ﬂ%gy(g&‘ﬁg@?’% é‘{’)tl sxactheaidhe ¢dgepe
cl ose tom hBenBERFEn? b FRS3 Al RMETINe FiBRIFmB5Is 308 i RiveAY 0,
however, not exactI;/lat {gﬁe édge. Ienﬁlt he%é1 Sgi neu}pntgg})‘#eﬁ%?%&r%%atr%ene
of the pedgstiepeheg on8Hand m ead chesterodnls pHot ynbohtmayHse atedgeige symbol
frequen(r:% t%nes and in each cluster only pilot synbol nay be at an
edge synB3foc

[0030] One rationale behind a ‘“horizontal” shape of the contiguous pilot symbol

(, clusters of pilot symbols 302 is that, for channels with higher frequency selectivity, the
first order (linear) component may be stronger in the frequency domain than in the time
domain.

[0031] It should be noted that one or more pilot symbols in each cluster, in the
embodiment of Fig. 3A, may be at a different tone than one or more pilot symbols in a
different cluster. For example, cluster 304 may be at tone S and cluster 306 may be at
tone S-1.

[0032] Referring to Fig. 3B, in the case of channels with a pronounced time selectivity
rather than frequency selectivity, pilot symbols 322 are arranged in clusters 324, 326,
328, and 330 of contiguous pilot symbols that each span multiple frequency tones but
have a same symbol period of hop region 320. OFDM symbols at the edges of hop
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ot ation_of atter hosen for channels w th higher frequency
s(_el ecti VP?%P%’E?E%%‘}??@%%OSM It should be noted that one or nore
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assigned to a different s period t one or nore pi
in a diféergovided se tleat thd-clustersadfH,e306¢ B0 tamd 3IRAFim B A)eand324] BL&r328]

synbol er T than clusgter. 326. [Q035] Additionpally, as depicted
in the eﬁ“&iﬁ?‘ﬂ@’ﬁ%ﬁgf argpgeier WSXW%B?% |TEIPepidptas pratter of dhehop segiog-
so t hat gfhﬂé # Qfith Fj :
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[0036] It should be noted that while Figs. 3A and 3B depict four clusters of pilot

symbols per hop region, a fewer or greater amount of clusters may be utilized in each
hop region. Further, the number of pilot symbols per pilot symbol cluster may also vary.
The total number of pilot symbols and pilot symbol clusters are a function of the number
of pilot symbols required by the base station to successfully demodulate data symbols
received on the reverse link and to estimate the channel between the base station and the
mobile station. Also, each cluster need not have the same number of pilot symbols. The
number of mobile stations that can be multiplexed over a single hop region can, in an
embodiment, be equal to the number of pilot symbols in a hop region.

[0037] In addition, while Figs. 3A and 3B depict pilot symbol clusters designed either
for channels having frequency selectivity or time selectivity the pilot pattern may be
such that there are clusters for frequency selective channels as well as clusters for time
selective channels in the same pilot pattern, e.g. some clusters arranged in the pattern of
clusters 304, 306, 308, or 310 and some clusters arranged in the pattern of clusters 324,
326, 328, or 330,.




responses of the channel. [0036] It should be noted that while Figs.
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fewer or greater anmount of clusters rrgy be utilized in each hop
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[0039] Repese thay ﬂ@eopiﬂrrtgﬂymbah%af‘nﬂlba@ﬁ%m osthogppad swhen geccited afthe antennas

accordin ]EFP :qents are illustrated. In Fig. 4A, hop
regi ons g%%gf:{nugfekggéhepl o%ggé)}?ﬁbol s d,,,, C,9, and C3q, arranged in

cluster p040] & Fig. 425, ¢hch afdhdPilst, syabbRNGES 020, CL J 0 L) C4H4C6,£CY,, Cs,,
Czq, andﬁnég,] ngrranged in cﬁliterymz%; %dz%l 5 %u 4 6chgb' quq
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OFDM synbol period and . i .
402, 404, 406, and 408, are generated and transmitted in such a way that a receiver of

the pilots symbols in the cluster, e.g. base station, can receive them so that they are
orthogonal with respect to the pilot symbols from each other mobile station in the same
cluster. This can be done by applying a predetermined phase shift, e.g. a scalar function
to multiply, each of the samples constituting the pilot symbols transmitted by each of the
mobile stations. To provide orthogonality, the inner products of vectors representing the
sequence of the scalar functions in each cluster for each mobile station may be zero.

[0041] Further, in some embodiments, it is preferred that the pilot symbols of each
cluster are orthogonal to the pilot symbols of each other cluster of the hop region. This
can be provided in the same manner as orthogonality is provided for the pilot symbols
within each cluster from a different mobile station, by utilizing a different sequence of
scalar functions for the pilot symbols of each mobile station in each cluster of pilot

symbols. Mathematical determination of orthogonality can be made by selecting a



tone so that the pilot synmbols are substantially orthogonal when
recei ved va 260621689 ennas of the cluster of the base statir@R200506468
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station BfE (v)aéﬁ%?te% 2RRPEHOS he graioersaining dheseqperees. nﬁé ﬂlsﬁﬂﬂﬁéfiu@bo"les
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[0042] In an enbodi ment the number of nobile stations that
suppor t echanntle tkrough tthﬁ:) gastvation pf ofterfdnenceiHeoweenypibud| synbotso sMomvar, dfie

the clusters is pr ua t he _nugber of pilot synbols
t hat ar eSTWEHYE 0'31 ﬁp?ﬁrﬁ'slyﬂwd@? Jyeh 1 Eﬁoﬁ@fefﬁﬁi thatne P‘Fﬁaﬂﬁ s
of Fi gs. véhoratda 4Beat @@mﬁmaﬁ&b of #fef reﬁfau@léw&]:usﬁ‘&@' tically, ?i

uses the sequence S of size NP, where he tot er’o
t ones (deﬁﬂédgmﬂladﬂneﬂNgx@mdthx 12 ):

( S=[S,...5,] 2)
is of full column rank. It should be noted in the expression (2) above matrix Q< N,,.

That is, the number of ovetlapping mobile stations should not exceed the number of
total pilot symbols in the hop region.
[0044] Based upon the above, any set of sequences Q with a full-rank S enables

consistent channel estimation. However, in other embodiment, the actual estimation
accuracy may depend on the correlation properties of 8. In an embodiment, as can be
determined utilizing equation (1), performance may be improved when any two
sequences are mutually (quasi-) orthogonal in the presence of the channel.

Mathematically, this condition may be defined by



Sg=[S4e...SNr,q] T, 1< qg:-Q (1) here (T) denotes transpose of the

mat ri X ceyd ophn@ss he sequences. As di scussed above, thpcemgm@,@@)%g)f
scal ar functions, in each cluster of ELIot synbol s, shoul d be

different for different nobile stations in order to obtain

consistent estimates of the respective channels through the

reduction of interference2bBtMeefplotiosybdisr.ddLeover, the 3
sequences shoul d be |ineaffy independent, as such it is preferred

that no sequence or vector be a I|near conbi nati on of the remaining

sequenc e'ﬁ/heféﬁtme N8t & Cdlniplex tdhhﬁn %Heé}%ﬁd ﬁlich dhe tAethNBi1t lebol
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matrix Sz 1.S.0f fu col | £, shoul be no
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pilot synbols in the hop region. [0044] Based upon the above, any set
of sequences Qwth a full-rank S enables consistent channel

estimati on. However, in otﬁz *egbodr gﬁnﬁl})pgﬁﬁz’i%tyéf estimation @

accuracy may depend on the<gotreba S. In an
enbodi nent, as can be determ ned ut| l'i zing equation (1), performance

may be i aqfom@thw\ennd:mmntfm angyepossivie shamel feslivatidry ﬁbﬁﬂ&styp)cal set of
ort hogongp t he presence ?f t he channel Mat hematical ly
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channel gal ntsgg%?ée%g}gnﬁng tqg the }?Qéfﬁrtyp%rfb}%h ne’g 4350!@%&?%?% clhgm}ehs a
me andwithexredaitely amalli dobdy qhaaﬁ:e[[{dvlrever HRe mndﬁmnd-lhh}r Ka)ﬁtdistahﬁ:m

KS redu&gfse;to t he reqU| erre of nmut uaIIy ort hogonal sequences:

ESk, pSke%8FaF 0B vehigelsr g zr)n d/qe changetsovith A gignHicant delay ﬁpr@ad,ftmrelmy
possi bl %E@ﬁﬂgﬁ{?érﬁﬂdaﬁ@éd%?acfa%ﬂ‘ a typical set of channels nmay be

| npractica act, expression (3) may be satisfied when a channel
exhi bi t S[0045) Asdlidcussed avith fespapy e Bigs. S ael 3B,igilt aNdUatibn psttdriecdinioOf

pedestri aé} ?evr(r: gl%rs]treresl of pilot symbols placed close to the edges of the hop region, where each
cluster is contiguous in time (Fig. 3A) and/or frequency (Fig. 3B). Since channel
variations inside every cluster are generally limited, due to contiguous nature of the pilot
symbols in time and frequency and continuity of the channel in time and frequency.
Hence making different sequences orthogonal over each cluster allows condition (3) to
be met. A potential drawback of this solution is that the number of overlapping mobile
stations that can be orthogonal over every cluster is limited to the size of the cluster,

( denoted here N,. In the example shown in Figs. 4A and 4B, N, =3, and hence up to
Q=3 mobile stations can be separated orthogonally in such an embodiment. In fact, a
fairly small number of Q is sufficient in many practical scenario. WhenQ > N, it may

be difficult to keep all mobile stations orthogonal over every cluster, since there may be
some inter-symbol interference. Hence, approximate orthogonality may be sufficient,

with some performance loss of time and/or frequency varying channels if 0> N,,.

[0046] In an embodiment, a set of design parameters for the sequences of scalar
functions $ =[S, ... S,] may be defined by:

¥* Any two sequences are orthogonal over the entire set of pilot symbols,
thereby satisfying




with a relatively small delay spread. However, the conditions may be
subst ant iwab boos/1€0266 er ent on vehi cul ar channel s and/ or changh®ebdrbg a
significant delay spread, thereby re ﬁul ting in perfornmance

degradati on. [0045] As discussed with Fespect to Figs. 3A and 3B,
pilot allocation patterns sonsist of a few clusters of pilot synbols
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contiguous in tinme (Fig. 3® and/or frequency (Fig. 3B). Since
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to be met. A pqQkential drawback of this solution is th t he nunber
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varyi ng channel s i°f Q > Nc. [0046] In an enbodi nent, a set of design
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the pilot symbols, by (i) defining exponential sequences within each cluster; and (i)

populating the intra-cluster portions across clusters. This can be seen equation (7)

where a Nx N Discrete Fourier Transform (DFT) basis is defined.

1 1 cee 1
E’l (N) E,Z (N) : o IFI’N (N) 127r-1- 127::2- 1275(—Nl)2
| F (V)= FZ,IE(N) FZ,E(N) Fz’NE(N) e :N e ;N e :N ”
<" F, N (N ) F, N2 (N ) S NN (N ) 2 AN P G L)
e N e N - e N

[0048] The above expression (7) may be written in a compact block form as follows:
S=[S,.....S, ]= (F(M;)®F (N,))_ ®
where <'>:,1: 0 denotes matrix block spanned by columns 1 through Q of the original
matrix. A more general form of S may be given by
S=[8,...8,|=(veu) ©)
where Uis an arbitrary Nox N, unitary matrix (U'U =1I,, ) and Vis an arbitrary

M x M, unitary matrix (U'U =I,. )



val ues, e.g. approximately the sane power. where M denotes the total
nunber ofyw@hebsliei8e of sizeNc, so that the nunber of pi betsNRTANEs

[0047] In an enbodi nent, the sequencej S=[S1 ... S ] are created
usi ng exponential functions so that <8 that the sanme ener gy per
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general formof 'S may be given by 5=[51,...,SQ=(V(D U:1:Q (9)
where U T EARSIEsSian. 3ry N x Ne uni tary matri x (U'U=1INP) and Vis
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transform
shifts may still be decoded at the base station in order to be utilized to perform

:'1

interference estimation. Therefore, these pilot symbols may be utilized for interference
estimation since they are orthogonal or quasi-orthogonal with respect to pilot symbols
by the other mobile stations assigned to the hop region.
[0053] Referring to Fig. 5, a base station with multiple sectors in a multiple access
) wireless communication system according to an embodiment is illustrated. A base
( station 500 includes multiple antenna groups of antennas 502, 504, and 506. In Fig. 5,
only one antenna is shown for each antenna group 502, 504, and 506, however, multiple
antennas may be utilized. The multiple antennas of each antenna group 502, 504, and
506 may be utilized to provide spatial diversity at the base station to signals transmitted
from mobile stations in a corresponding sector, in addition to the spatial diversity
provided to the different physical locations of the different mobile stations.
[0054] Each antenna group 502, 504, and 506 of base station 500 is configured to
communicate with mobile stations in a sector to be covered by base station 500. In the
embodiment of Fig, 5, antenna group 502 covers sector 514, antenna group 504 covers
sector 516, and antenna group 506 covers sector 518. Within each sector, as described

with respect to Fig. 4, the pilot symbols transmitted from the mobile stations may be



for transm ssion. [0051] In the enbodi nents of Figs. 4A and 4B, the
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sector, e.g. nobilé station 510 near a bou sectors
514 group 502 of the sector 514, especially when mobile station 508 is close to the base
station 500.

[0056] In order to combat the intra-sector interference that may arise, scrambling codes
may be used for the mobile stations. The scrambling code may unique to individual
mobile stations or may be the same for each of the mobile stations communicating with
an individual sector. In an embodiment, these specific scrambling codes allow antenna
group 502 to see a composite channel of mobile stations 508 and 510.

[0057] In the case where a single mobile station is assigned to an entire hop region, user
specific scrambling sequences may be provided so that every mobile station in a given
sector makes use of the same pilot sequence; the construction of these sequences is
described with respect to Figs. 4A and 4B. In the example of Fig. 5, mobile stations
508, 510, and 512 may have different user specific scrambling sequences and therefore

sufficient channel estimation may be achieved.
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user specific scranbling sequences may be provi ded ‘so-t Kat “evet
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stations that utilize the same user specific scrambling sequences S =[S, .--S,] may
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(7 differ due to different sector specific scrambling sequences X and X, utilized to
muitiply the user specific scrambling sequence.
[0061] Similarly to user-specific scrambling, it is preferred that all of the entries of
X,,..., X have approximately equal absolute values to maintain approximately equal
power between the pilot symbols. In other embodiments, it is preferred that entries of
X,....,X; be such that any pair of pilot symbols in a pilot symbol cluster,
corresponding to any two combinations of user specific and sector specific scrambling
sequences satisfies, should satisfy condition (3). One way to approach to the choice of
contents of each sector specific sequence X,,..., X consists of an exhaustive search of

sequences such as the elements of every sequence are taken from some constant

modulus (PSK) constellation such as QPSK, 8-PSK. The selection criterion may be
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from sonme constant nodul us (PSK) constellation such as QPSK, 8-PSK
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based dpon the potenti @l channel |envirlonment. Chiannel | esti frati of
s=1 | (#1140} | (#1340} | {s130} | {(+140} [ {130} | {#1,40} | {140} | {+1,40} | {4140} | {4140} | {+1.40}
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s=2 | (20} | {140} | {00} | {ro) | fso-1f | fra0} | {0} | fsoth | froa) | {0} | froa)
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s=3 | {041} | {10} | {20} | frs0} | Lo} | fsoma) | frot) | frosa) | (10} | fao1) | 0

[0063] In an embodiment where Quadrature Amplitude Modulation is utilized as the

modulation scheme, a set of sector specific scrambling sequences X,...,X, that may

be utilized is shown in Table 1 below. Each entry of the table specifies I and Q
components of every X, , 1<s<Sand 1<k<N, with §=3 and N, =12.

[0064] In some embodiments, each cell in a communication network may utilize the
same sequences for sector specific scrambling sequences.
[0065] Referring to Fig. 6, a multiple access wireless communication system 600

according to another embodiment is illustrated. In the event when the same sets of user
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[0067] Unlike user specific and sector specific scrambling, no particular optimization of
cell specific scrambling sequences need be utilized. The two design parameters that

(‘ : may be utilized are that:

* All the elements of cell specific scrambling sequences have equal
modulus.

3 Cell specific scrambling sequences differ substantially for different
cells.

[0068] In the absence of pre-détermined assignment of cell specific scrambling
sequences over a network of base stations, a (pseudo)-random cell specific scrambling
sequences from some constant modulus (PSK) constellation such as QPSK, 8-PSK may
be utilized in forming the Y cell specific sequences. To further enhance randomization
of cell specific scrambling and avoid bad steady combinations of scrambling sequences,

cell specific scrambling may be changed periodically in a (pseudo-)random fashion. In
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[0071] The modulation symbols for all data streams are then provided to a TX

processor 720, which may further process the modulation symbols (e.g., for OFDM).
TX processor 720 then provides Nr modulation symbol streams to Ny transmitters
(TMTR) 722a through 722t. Each transmitter 722 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 722a through 722t are then transmitted from Ny antennas 124a through
124t, respectively. —
[0072] At receiver system 750, the transmitted modulated signals are received by Ni
antennas 752a through 752r and the received signal from each antenna 752 is provided
to a respective receiver (RCVR) 754. Each receiver 754 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.



a nunber of data streams is provided froma data source 712 to a

transm t wolR6pe/tmbsd processor 714. In an enbodi ment, eagdyr/ggdods/sdoiggam
Is transmtted over a respective trapsmt antenna. TX data processor
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signal to provide sanpl and further "processes t sanp

provi de decodingespocrar.ng "received" synbol stream WO 2006/ 110259
PCT/ US2 09708 19 073] An RX data processor 760 then receives
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modulation rates or schemes, or other actions. RX processor 760 may further estimate

the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provides these quantities to a controller 770.
RX data processor 760 or controller 770 may further derive an estimate of the
“operating” SNR for the system. Controller 770 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 778, which also
receives traffic data for a number of data streams from a data source 776, modulated by
a modulator 780, conditioned by transmitters 754a through 754r, and transmitted back to
transmitter system 710.

[0076] At transmitter system 710, the modulated signals from receiver system 750 are
received by antennas 724, conditioned by receivers 722, demodulated by a demodulator
740, and processed by a RX data processor 742 to recover the CSI reported by the
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processor 742 to recover the CSI reported by the WO 2006/ 110259
PCT/ US20seimquesomay be grouped into two primary categories (i) spatial and space-time

( receiver processing techniques (which are also referred to as equalization techniques);

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

[0080] While Fig. 7 illustrates a MIMO system, the same system may be applied 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. 7.

[0081] Referring to Fig. 8, a flow chart of a method of pilot symbol generation
according to an embodiment is illustrated. A plurality of pilot symbol clusters is

selected to be transmitted during a hop region from a particular mobile station, block
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[0081] Referring to Fig. 8, a flow chart of a method of pilot synbol
gener at i Bge of manufacture.

(

[0085] After scalar functions, that are unique either to the sector with which the mobile
station is communicating or the mobile station itself, are applied to the pilot symbols,
another sequence of scalar functions is applied to the pilot symbols, block 808. The
sequence of scalar functions relates to the cell in which the mobile station is
communicating. This scalar function may vary over time, if each cell is not specifically
assigned scalar functions that are known by or provided to the mobile stations. After
this operation, the pilot symbols may be transmitted from the mobile station to base
station.

[0086] The scalar functions discussed with respect to Fig. 8, may in an embodiment
involve a phase shift of each of the samples that constitute the pilot symbols. As
discussed with respect to Figs. 4A, 4B, 5, and 6 the scalar functions are selected so that
each cluster of pilot symbols is orthogonal to each other set of pilot symbols from the
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selective channel (Fig. 3B), or a combination of clusters some of which are aligned for -

( transmission in a frequency selective and a time selective channel. The specific pilot
pattern selected may then be used by all of the mobile stations that communicate with
the base station or sector until such time as the diagnostic is performed again for the
base station or sector.

[0090] To implement a specific pilot pattern at mobile stations communicating at a base
station or base station sector, an instruction may be sent from the base station or sector
to the mobile stations as part of the initialization or set-up procedure. In some
embodiments, information as which pilot pattern, user specific scrambling sequence,
sector specific scrambling sequence, and/or cell specific scrambling sequence is to be
utilized may transmitted in a preamble of one or more data packets that are transmitted

from a base station to a mobile station at regular intervals or during initialization or set-

up.
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[0094] 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 intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



[0090] To inplenment a specific pilot pattern at nobile stations
communi cating at a base station or base station sector, an
instruction may be sent fromthe base station or sector to the
nobil e stations as part of the initialization or set-up procedure. In
some enbodi ments, information as whict4 pilot pattern, user specific
scranbl i ng sequence, sector specific scranbling sequence, and/or
cell specific scranbling sequence is to be wutilized may transmtted
in a preanble of one or nore data p&dk®tMSthat are transmitted from
a base station to a nobile station at regular intervals or during
initialization or set- up. WD 2006/ 110259 PCTI US2006/ 009708 23

[ 0091] It shoul dAbeir¢gledsedninnamicatibe agraedtyss canpasyngl so be utilized to
determ ne the nqnb r of pilot synbols to be transmtted in each

cl uster of pilﬂi“§§9%ﬁvga§ﬁd t he groupi ngs of pilot symbols. Also,
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control | e R%u RS an&! ectronic circuitry. [0092] The techniques
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digital signal processors (DSPs), digital signal processing devices
~. (DSPEB?WS%¥ PAMEB Rogi ¢ devi ces (PLDs), field programmabl e
gate arrays (FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic units designed to performthe
functi ons desc?i bedwheless apmmanication appaneivs ofrelaimel, edierein the @OBBry Foresa
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be stored in mepory upit nd . executed by processors. The nenory
unit may %@gﬁﬁﬁﬂgﬂéﬁPﬂﬁmﬁf3HFH°W%e processor or external to the
processor, in which case it can be comunicatively coupled to the

processor via various neans as_is known in the art. [0094] The
previ ous descri ptheotirglesstonmmyinicafios appargisorfictramt2s wherepy bo paeshert o
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is orthogonal to each other vector.

4. The wireless communication apparatus of claim 1, wherein the plurality of
scalar functions comprise vectors of scalar functions and wherein each vector is

orthogonal to each other vector.

5. The wireless communication apparatus of claim 1, wherein the plurality of

pilot patterns comprise pilot symbol clusters.

6. The wireless communication apparatus of claim 5, wherein the wireless
communication apparatus transmits signals using a plurality of frequency subcarriers in a

frequency range between a maximum frequency and a minimum frequency and wherein



to these enbodi nents nay be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied to

ot her enbodi nents wi thout departing from the spirit or scope of the
i nvention. Thus, the present invention is not intended to be |imted
to the enbodi mrents shown herein but is2%0 be accorded the w dest
scope consistent with the principles and novel features disclosed
her ei n. V\HAT,I S CLAIMED I'S: 24 CLAIMS 1. A wireless comrunication
appar at us! edb%?}if%h% glustery eapls gipprisgea plyradiinat pilpt sembrly sq that atdeasy g
patterns v, be
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of scal affrefuency sltmsr:rleantlierathpm teessanun dieghedy wr the noihaman fﬂeemy one
antenna and the nenory, the processor adapted to select one of the
patterns of pilot synbol and nultiply the pilot synbols of the

sel ected patter. nTbg/wirhlessmdmmdlﬂwayxoﬁfaplsarahadsf dlaincd, ivareeip the@rodessor
transm ssi on of i | ot nbols fromthe antenna. 2, The rel ess

Communi cat i Besarsbas s FS(Peh oafrstHEF BFtipokae aresmgfing pivied o thal no

anot her p fl@dj@hbﬁeé’ withingh@braquehtNahbOrs trhsiiss ﬁérﬂ)dtalﬂ@wﬁﬁi(ﬂctﬁ§ &Oduency
causes the sanples to be nultiplred by the group of both the

pl ural i t yrasge &xalsgeontliiiieg pesies- and a group of the another plurality
of scalar functions. 3. The wirel ess comruni cati on apparatus of claim
2, wherein the another plurality of scalar functions conprise
vectors of scas. aThdwhelbbmrmnﬂcanibeamanataﬁ@ﬁclamci ovhereirsthotitedeggonal to
each ot her vect.or. wreless c mTunl Etgr?grcgarat us of Ial m
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vector. 5. The wirel ess comrunication apparatus of claim1, erein
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The wirel %?all 5’[?)81‘!& %5&90%995%9?1&51 ?h?&lmtérs 1§’\é? st dtcfﬁ%ng‘eftﬁéress

conmuni ca ion ratus transmts s RS ng a plura
frequencythstﬁimtaymb@mrmdloatheﬂasespmelwdpemcahge bet ween a maxi mum
frequency and a m ni num frequency and wherein

9. The wireless communication apparatus of claim 1, wherein the plurality of

pilot symbols comprise a plurality of time selective pilot symbol clusters and frequency

selective pilot symbol clusters.

10. The wireless communication apparatus of claim 1, wherein each of the

plurality of scalar multiples consists of a phase shift to each sample of each symbol.

11. The wireless communication apparatus of claim 1, wherein the plurality of
scalar functions comprise vectors of scalar functions and wherein each vector is quasi-

orthogonal to each other vector.

12. The wireless communication apparatus of claim 1, wherein processor
multiplies the vectors of scalar functions and the pilot symbols utilizing a discrete Fourier

transform.



25 the pilot synbol clusters each conprises a plurality of pilot
synbols so that at |east one the plurality of pilot synbols of each
of the plurality of clusters is transmtted using a frequency
subcarrier other than the maxi num frequency or the mninmum frequency.
7. The wirel ess conmuni cati on apparatug of claim®6, wherein the
processor varies the frequency range between a first tinme period and
a second tine period so that no frequencies within the frequency
range for the t13.r4methorefopmitietsds eomemwniitdtion comerifingquency range for a
second tinme pefi . 8. The.W r.el.ess co nicati.on a ratus of claim
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cl ust ers RHENSTERPRUEAIon d5Yigeal ity of pilot synbols so that only one

of the pluralidattirg ofd bQhe BHSROMBo atteRh Of the plurality of
clusters is transmitted during either the first synbol period or the

| ast synbol pe#ldod. 9. The wirel ess comunication apparatus of claim

1, wherein the I i j 4 i | -ty of
time selecti veap%?}ﬁo?&se;% lur@ﬁ%)scﬁtes?%%gﬁxgdt@ %%%%"&éﬁhggmé%{t?\?ﬁ %(I)t| ot
synbol cl spsteisin thdseleThed pilior singtsd pateammuni cat i on apparatus of claim1,
wherein each of the plurality of scalar multiples consists of a

phase shift to each sanple of each synbol. 11. The wirel ess

comuni cat i on BpPEHeahethodbf dthiai 18, hhemﬁmbmramﬁopédaraalt‘dﬁcuo&fa@%@hpéd
functions, conprise vectors of scalar functions and wherein eac

vect or i siNg§E8rs-ang mihserdd Aaph vestop kthegenat toaaelt efher viegtorThe wi r el ess
comuni cati on apparatus of claim1l, wherein processor multiplies the
vectors of scalar functions and the pilot synbols utilizing a

di screte Fourikr Themagtbdboimlaidel3, WBereih apptytapicdngrises sheftiag @ phase of each

conmuni cag. i rising: generating a plurality of_ pilot synbol
patterns %ﬁ@ ?entégtrrr?éfn é'ls?%accjg f ﬂ%tgsgﬁlgf)p %:F?f@{nértg theesé?:lﬁr %’5%‘3“' synbol
pattern having a plurality of pilot synbols to be transmtted froma
W rel ess comm%i (;ﬁlti on devtj e; selecting one of the pilot synbol .
patt erns; and 0 The method of claim 13, further comprising applying another scalar function

of another plurality of scalar functions to each of the plurality of pilot symbols.

17. The method of claim 16, wherein applying another scalar function comprises
varying over time the another scalar function applied to a pilot symbol of the plurality of

pilot symbols.

18. The method of claim 13, wherein the plurality of pilot symbols are
transmitted utilizing a plurality of subcarriers between a maximum frequency and a
minimum frequency, the method further comprising

grouping the plurality of pilot symbols into clusters; and

assigning a transmission frequency to each pilot symbol of each cluster so that at
least one pilot symbol of each cluster is assigned a subcarrier other than the maximum

frequency and the minimum frequency.



appl ying one of a plurality of scalar functions to each of the
plurality of pilot synbols in the selected pilot synbol pattern. 14.
The nethod of claim 13, wherein the plurality of scalar functions are
‘grouped in vectors and wherein each vector is orthogonal to each
ot her vector. 15. The nethod of clai m2/3, wherein applying conprises
shifting a phase of each sanple that conprises each pilot synbol
according to the scalar function, he met hod of claim 13, further
conpri si ng appt$i hee aﬁwpﬁefclglaai%wlm%ﬁeahmw of patan SpnchpRs compEise of
scal ar f ugCHdreRibRs £8GHIGAE J BE wﬁlﬂe}égaédlﬁmurﬁéatﬂ% lagticeymol s. 17. The
met hod of claim 16, mhereln appl yi ng anot her scal ar function
conprises varying over tine the another scalar functlon applied to a
ilot synmbol of,t Q
Ol i 13 wher &t T BetiplbL el L it s BIRNT of diher NPy AR
utili zi ngsalagplfucabhd are Oﬁlqﬁubﬁeasl’eE:IOEBBa b&b‘éﬁﬁﬁh ﬁnth’&)ﬂldﬂtﬁé fviregmency and
a mnimmfrequency the nmethod further conprising grouping the
pIuraIityC%?mﬁgFﬁF’ NﬁGFngWPHMEFusterS and assigning a
transm ssion frequency to each pil ot synbol of each cluster so that

at least one pilot synmbol of each cluster is assigned a subcarrier
other than th hal“(hermﬁﬂwd pledaianby vharin ﬁepmrarhtmﬁscalae&u@h@;s copiprise] 9.
The net hoge c{ ctlmearnﬁ I\xﬁle&n? ea% N %ﬁxl 1ts ﬁlué)sl Pﬁﬁ@ bl 1o %Q&t Atgé}
conpri se sca unc I'ONS are uniq communi cati on

devi ce. Zﬁxufhe met hod of cIa|n113 mhereln the plurality of scalar
functions conprise scalar functions are unique to a sector of a base
station with which the wirel ess comunication device communi cat es.

21. The net hoxfTid AétAddLSF cIMBETE whefehfapplyiticdtht birfty SERAF fifdRGEs ons
conprise vectors of scalar functions and wherein each vector is

quasi - or t pREYIISES UtiliFinge disgetsdourigdransiorm ipapplyies thetspaler fyactiongi m 13,
wherein applying the plurality of scalar functions conprises
utilizing a discrete Fourier transformin applying the scal ar
functions. 23.23A Awstetiod offwinlesget@smucicativnnéaairisorg; conpri si ng:

T I WS TR N RN o -
condi t i onglusters arranged according to a first channel condition;
applying, at a first wireless communication device, a first plurality of scalar
functions to the first plurality of pilot symbols;
transmitting, from the first wireless communication device, the plurality of pilot
symbols during a plurality of time intervals and at a plurality of frequencies;
grouping a second plurality of pilot symbols into a plurality of mutually
orthogonal clusters arranged according to a second channel condition;
applying, at a second wireless communication device, a second plurality of scalar
functions different than the first plurality of scalar functions to a second plurality of pilot
symbols, wherein each cluster of the plurality of first pilot symbols is orthogonal to each
other cluster of the plurality of first pilot symbols and the plurality of second pilot
symbols; and
transmitting, from the second wireless communication device, the second
plurality of pilot symbols during the same plurality of time intervals and at the same

plurality of frequencies as the plurality of first pilot symbols.



applying, at a first wireless conmunication device, a first plurality
of scalar functions to the first plurality of pilot synbols;
transmtting, fromthe first wireless comunication device, the
plurality of pilot synbols during a plurality of time intervals and
at a plurality of frequencies; groupimg a second plurality of pilot
synbols into a plurality of nmutually orthogonal clusters arranged
according to a second channel condition; applying, at a second

wi rel ess conmuni cati on device, a second plurality of scalar

functions diff t than.the first plurality of. scal a unctions.to a
second plurali ?{ieglfe 18?5%811 clagy, %o?}é?rgﬂﬁ?rpé‘ilrﬁﬁté’ LRy %%8{5 at rqngmitted

pl ural i tyuglizifig & plurddity 6f subysrfeds Heiveed b hid@ oA lfreffenefaitd a MidieiinC! ust er
of the plyrality of first pilot s¥nbols and the plurality of second
pilot syHBSIESY advhereRdipeniting Terdhs firrs witslestpminynisation device,

communi cabd ARt ¥hsitin LadPIQR oL c}ilﬁ%liﬁ%fﬁﬁlb%ﬂ%ﬁ@@'ﬂ?ﬁt Q%LSEQ

the same plurality of tinme intervals and at the same plurality o
f requenci ese pitot symebqd lofi paghi dlysteyfis 4sigaed piuboarrisytiraios ene P8er than thihe

met hod cl imZ%il wherein e plurality of pilot synbols are
transm tt%&mﬁul frg(ﬂur?ag}éarbdl[tﬁ?al?lfnymo e‘ﬁlﬁﬁcc?lar riers between a maxi num
frequency and a m ninum frequency and wherein transmtting, fromthe

first wireless_ca ni cat i device, .conprises transmttjng each
cluster of the?¥i mﬁﬁ?ﬁ & q’fw o wglﬂeeﬁ (hg st $ET4IeY @t the gyRimuny e
pilot sy uclly €R¢ Bet@ebiS h Bifst kitheFRbARNRTa RcEMPERE bérfdd Bl nbS one

other than the HBX|nun1frequenCég§Fd the m ni num frequency. 25. The
met hod of frequgheieiBtwofiche minipysm epphandrtbeexicynaiieueney o Hierfirsh
frequency.. . j.rst. i i i i od
e S R e e S
frequencysecond timepéniadst tine period are between the m ni num
frequency and the maxi mum frequency for the second tine period. 26.
The nethod of claim 23, wherein the plurality of pilot synbols are

transmtted durd. Mhedndthed o didish 2 whereid e prsalRy HDsilot BANDASSbEt Ween a
first synbol period and a |ast synbol period and wherein groups of

pi | ot synByIsBitisddiriag aphirality of contignans syfpbobperigs betwegmpBrsssigrpol pertod

only one I Lot §%gQ ' .
transmt t%fél a&lﬁfﬁis gH(geliadtehg? al? gﬂéljiefr?ls 3 ynghﬁo%te/’rn?g%%gg{ ‘%%gﬂsgss% P lg?rl%%’ol
period. 2qfpilbhsynieishsodhatfonty aiemf2IB; plfatityhdipilotsypabios afgactpgrby 13g

anot her St(r:aahlsraﬁrittefdu u%m; gﬁlher the first symbol period or the last symbol period.

27. The method of claim 23, further comprising applying another scalar function
of another plurality of scalar functions to each of the plurality of first pilot symbols.

28. The method of claim 27, wherein applying another scalar function comprises
- varying over time the another scalar function applied to each of the plurality of first pilot
symbols.

29. The method of claim 28, further comprising selecting the first plurality of
scalar functions based upon a sector of a base station to which the first wireless

communication device is transmitting.



of another plurality of scalar functions to each of the plurality of
first pilot synbols. 28. The nethod of claim 27, wherein applying
anot her scal ar function conprises varying over tine the another
scal ar function applied to each of the plurality of first. pil ot
synbols. 29. The nmethod of claim28, fagther conprising selecting the
first plurality of scalar functions based upon a sector of a base
station to which the first wireless communication device is

transmtting. 20 Thomethhé ofidrinod8,ofherdimihn {28 pluchlaty of pealdn durfctipmst is
plurality o] the first wireless
connunlcaPﬁ@ugFgéggnigf%ﬁxgﬂﬁmm%?%ﬂﬁﬂ%gv% ‘aim 23, wherein the fast
plurality of scalar functions conprise vectors of scalar functions

and wherein ea ect o uas -ort ho each r vector.

32. The neth odggf thy %Ffﬁ?é sf claym .W%l%%ﬁ?& ?J’I’iﬁ phugglity ﬁésqai ncfipRse| ess
_comuni ¢ aEérﬁﬂiQ%bt@% of@cdlar ﬁﬁct%b‘ b Wﬁéfelﬁfeacﬁp@écﬁfr i HRGLIRRG P IPEAR ES
utilizing a discrete Fourier transformin applying the first

pIuralltyoﬁﬁfﬁﬁaﬂar functions. 33. A wireless conmunication
apparatus, conprising: a plurality of antennas; a nenory that stores
a plurality of pilot patterns each conprising a plurality of

clusters each 382. Wﬁmbthodmﬁrlhiﬁem avhpteint aipltiyg, af thpifiratwisyesbol s, each
cluster of the pluralit ter sane pil ot ern _bei ng
o1 t hogona g REuIPalekist: &R Lo S pyRtees BRIARES ASGFEL he
same pi | oFoRdk trehidTornRMChplyiOBE HisR blueaitpbeadh flchifiR. pl urality of
antennas and the nenory, the processor adapted to select one pil ot
pattern of the plurality of pilot patterns to decode nultiple pilot
symbol g oubs §LCRINALS! (i BhitiAlobiiinlcoptighgss. devi ces at the
plurality of antennas reress comu ation apparatus of
claim 33, mherephudﬂmwﬁﬁm&mahaty of pi | ot patterns conprise at |east

one tine selective pi att n st one freguen

sel ective pilo? mﬁQPFyetk‘ St‘%% l%ﬁéal@?{ feﬁlt—%ga %Oe{?l?’%ﬂflgaap‘égrragfyu%f of
cl ai m 33, cluéteds @hdh dfivehictesomiprised alpluketity 6ﬁ1ﬁl’o€§yn&bq@i dhchl dhiisYerQf tHRQUUEMEGES
that are q&%hogonal to each other sequence of the pluralijt

y of
sequencesCpiethEy etamemiet pitseraung odhassealite each ofhes Plogler af thd plurality of
mul ti pli cahit@R oPthe same pilot pattern; and

a processor coupled with the plurality of antennas and the memory, the processor

adapted to select one pilot pattern of the plurality of pilot patterns to decode multiple
pilot symbol groups received from a plurality of wireless devices at the plurality of

antennas.

34. The wireless communication apparatus of claim 33, wherein the plurality of
pilot patterns comprise at least one time selective pilot pattern and at least one frequency

selective pilot pattern.

35. The wireless communication apparatus of claim 33, wherein the memory
further stores a plurality of sequences that are orthogonal to each other sequence of the
plurality of sequences and wherein the processor selectively instructs multiplication of
the pilot symbols of the pilot pattern with some of the sequences of the plurality of
sequences prior to decoding the pilot symbols.



the pilot synbols of the pilot pattern with some of the sequences of
the plurality of sequences prior to decoding the pilot synmbols. 30
36. The wirel ess communi cati on apparatus of claim 33, wherein the
menory further stores another plurality of sequences and wherein the
processor selectively instructs nmultijlication of -the pilot synbols
of the pilot pattern with both some of the sequences of the
plurality of sequences and sone of the another plurality of sequences
prior to decoding the pilot synbols. 37. The wirel ess comrunication
appar at us of ch@i M3Qire AR oR LHRERSOIE c1 BT @fhﬁt@inatﬂe memory
instruction, to be transmtted fromat |east one of the plurality of
ant ennas, furthsestpfeyangther phirhlaty of a¢quenass aifid whereiplthe prioc¢syorctleptivedst
patterns b ransnitted fo.the wrneless ..cQ nication a t us.
5. ' The wiprds L ARIR A A it b b RS pu TR S (R RERE

pi | ot syshpknes ofde Ipluphlitpgf saqobieks pak soafervf itl?e a&hﬁﬂiegﬁlaﬁhlﬂt}gofeseﬁﬁeﬁwency
w thin a frequency,. range.. betyween a maxi mum frequency and a m ni num
frequencypﬂﬂ7°ﬁﬁ@¥@ﬁﬁ£gPﬂWéﬁg¥§%ne the plurality of pilot symbols of
each of the plurality of clusters is assigned to a frequency
subcarrier other than the maxi mum frequency or the m ni num frequency.
39. The wirel e85 Eemviselessapmorinigepen anparatestol sladn fo38hergindghapracessarh
pilot sy f i l. r | } t

Per i od of gt heniffithefin, W eI At ERNCT oBF 5 BERRRIR, B SYRRE,
synbol pespeodyiagd pdot @sternsofntopluatityi afhilatiphtteidsed Be tramsiligtedomn eheofirélbs
plurality of pilot synbols of each of the plurality of clusters is
assi gned @FFWEWCWH@’ P#a&¥Ssynbol period or the last symbol period.
40. The wirel ess conmuni cati on apparatus of claim33, wherein each of
the pilot synbols of each cluster are assigned to be transmtted
utilizing a fr¥yuBcyirelessisemmunicatien anpagatusph clofm ddnvhegeis sachnildguency

subcarrie L U ..a i
1 equency T edeRRASt S HRE fuShi BhTnet PO @iy e
peri ods t baweeramgexihmonfrequeneysandsymindhumpdreqachcey andwhersin & yeustadnepleer i od
and wherein.in each cluste 0 re than e pilot s ol is

assi gned ﬁﬁléah%?fprlr@ﬁ‘?@ib(ﬁ% ?free&ab?l’g@e Blﬁua?ﬁ%oﬁ‘?qﬁslt%ﬁ 1 qs?lgé{ggtﬂ &fr ey s

t ransm ssidBarfieCsti&thsh el BRAMmIe fre@ient6r the hEhimusy fiB@len®gr i od or the

| ast synbol period as its transm ssion synbol period. 41. A wireless
conmuni cati on apparatus conpri sing:

39. The wireless communication apparatus of claim 33, wherein each pilot
symbol of each pilot symbol pattern is assigned to a symbol period of a plurality of
contiguous symbol periods between a first symbol period and a last symbol period and
wherein only one of the plurality of pilot symbols of each of the plurality of clusters is
assigned either the first symbol period or the last symbol period.

40. The wireless communication apparatus of claim 33, wherein each of the
pilot symbols of each cluster are assigned to be transmitted utilizing a frequency
subcarrier of a group of contiguous frequency subcarriers that range from a minimum
frequency to a maximum frequency and during a symbol period of a group of contiguous
symbol periods that range from a first symbol period to a last symbol period and

wherein in each cluster no more than one pilot symbol is assigned the maximum



means for selecting a pilot pattern having a plurality of nutually
orthogonal <clusters, froma plurality of pilot patterns; neans for
arranging a plurality of pilot synbols according to the sel ected
pilot pattern; and applying a plurality of scalar functions to each
of the plurality of the plurality of Zilot synmbols prior to

transm ssion of the pilot synbol. 42. The wirel ess comuni cation
apparatus of claim4l, wherein the neans for applying conprises
means f or fia@sngy eghe menigiugy Gequencyods isdensmission fequsnsy sbcathigt orghe first
cluster o ' - ' r{h nal h_other. cl uster of pil ot
ymbol s. PR arafe Bl Sl AR bR RER Gl 7l
further conprising nmeans for applying another scalar function of
anot her plurali calar functions to each.qof the plurality of

y, of. '
pi l ot symbol s. 41214‘?‘“7”?? ShPYRPEL S B AR CALY B Ubar at us of clai m 41,
wher ei n” appl yi fgansaHchefings BllHpatist BhtiaR a GRIRIL SEHuMAILY bABoMEr ti Me
the anot her scalar function applied to a pilot” synbol of the
pl ur al i t yclgsters; fresp agurplifly of pides patterasiwi r el ess conmmuni cati on appar at us

of claim4l, whereid) é{%ﬁéﬁg lérp%rhltlt%é 8?%%%%&??%@ a&%’?(?]}l ke geﬁ%@é np?lfbt

scal ar functions that ni-que ess Co nrcatio
appar at uspatkfh; aidhe wi r el ess conmmuni cati on apparatus of claim41l,

wherein the plurality of .. scal ar functions conprise scal.ar functians
are uni quot b Sro0ans dpistiedSEeRhr bbb bR R eate e tia i Bh ke
comuni capilIRyEBlk fBorC0 MK HhicAbef théBilotkymbdhne Wi rel ess communi cation
apparatus of claim4l, wherein the plurality of pilot synbols are

transmtted utilizing a plurality of subcarriers between a nmaxi num

frequency and g riyiiRd CEAHGRRY gmﬁ{s%ifela@m BRRS B maht a9 ng

conprises means for assigning a transm ssion frequency to eac% pi | ot
synbol of appdchg edmgises msans forhapplyang the abiralon ef wialao funstiodsclo tift eadc h
cluster i ssi.gned a.subcaryrier that is one other. than.the maxi num
frequencyagﬁﬁ‘F%QO%?ﬁPﬁﬁﬁ??ﬁ%&ﬁ%ﬁé@?“&é&“%ﬁ@“%ﬁ?éP%%gﬂﬁ% ni cation
apparatus of claim4l, wherein the plurality of pilot synbols are

transmtted duriq@ﬁa,plurality of _contiguous synbol periods hetween a
first synbol peri'0§ VaFfess cOREPNSIANAPPHAMS 9f clainy H ittt SompEsipg HgaNs

for arrangt a%mﬁg RS th & §8al ARG o VF 2AKBL PGy SRR IRt oRY13RAL §Q0&
synbol period so that so that at
plurality of pilot symbols. :

44. The wireless communication apparatus of claim 41, wherein applying
another scalar function comprises varying over time the another scalar function applied

to a pilot symbol of the plurality of pilot symbols.

45. The wireless communication apparatus of claim 41, wherein the plurality of
scalar functions comprise scalar functions that are unique to the wireless communication

apparatus.

46. The wireless communication apparatus of claim 41, wherein the plurality of
scalar functions comprise scalar functions are unique to a sector of a base station with

which the wireless communication device communicates.



only one pilot synbol of each cluster is transmtted during either
the first synbol period or the |ast synbol period. 49. A wreless
comuni cati on apparatus conprising: neans for grouping a first
plurality of pilot synmbols into a plurality of nutually orthogonal
clusters according to a channel conditgpon; neans for applying, at a
first wireless conmunication device, a first plurality of scalar
functions to the first plurality of pilot synbols; neans for
transmtti ng, #7. oTﬂlet\meléssrcsmnwmcatmsappammmmctaah|40nwhkzmn¢1&-, pltufatity of

plurallty sy.nbol s n of tlmslntervals and
at a plur8l ?t ngh eyt H?g IZIﬁ%QHg‘r‘%iHYOE?%ﬁﬁPﬁ’G beESR AP Rl i ty
of pil ot ﬁydjﬂ%ﬁd:}saﬂdnilﬁlr@m@lhtﬁe'élhbﬂcy 288 whkiest 8E SieandBARSargie c’%ﬁﬂ)h)!ésng

at a second w rel ess conmunicatigon device, a second plurality of

scal ar f uReRIsdpLassigning adinsmisgAn figuensy ireagh piltisympolaif eaedugluster so
functio nsthtapat@eastscﬁﬁ%gt %0@“ da¥n qustlgf ts%&ssléﬂéngg%h&an%ﬁlgﬁ 15I10n%6}1%{

cluster of the pluralit I rst I's I's orthogona

each ot hethag thggnaximuath ftdqeerp‘b’unéthetrymoﬁurﬁ ilegdenpy.l ot symbol s and t he
plurality of second pilot synbols; and neans for transmtting, from
t he second w rel ess conmuni cati on device, the second plurality of

pi | ot synbol s 48 I’]I“H&g)vﬂ‘dh@;s sedfiBupicatic dppiratis of tlaRn U NiviticYdh thehetaRdy ofhe

sanme pluralit frequencies as the plurality of first pi | ot
synbol s. Lo %Ebolsrﬁfé tiApiied dudniRIATLBL Ot fsant@iens sxmafol periedsdienyesn a

wher ei n t {8t fbopdriod 88 aRhd HfmBoi B@I@é@arﬂrvﬂle}élﬁ‘%%éahggor %fla}lél% ng a

plurality of "subcarriers between a maxi mum frequency an ni mum
f r equencycoamisgiapasis fortase gmna aerhfpdlot $ymehos fri 4 $yinrhy] périasirmotthee so thiar att

ol et or - oT DR il AR, R BT Mg e b0

pi | ot syndyahe lagt smbhlpbhudter |s aSSI gned a subcarrier that is one
ot her than the maxi num frequency and the m ninum frequency. 51. The
Wi rel ess communi cati on apparatus of claim50, wherein nmeans for

transmtting warispewirkies d&%ﬁﬁﬁﬂi’éﬁ‘ti%ﬁ@ﬁﬂé%&s\’coﬂﬁﬁisfn?e m ni mum f requency
vary between a first tinme period and a second {inme period so that no
frequenci es bérspBefr g fitpluihisgiefieysymbalstine andwilityfirselioncy

for the f4#3 or{algl‘ﬁ ngral: leﬁ %o ?%ﬁ ?ﬁéﬂ%ﬁcﬂﬁon m ni num frequency and the

mexi num freq ency con eri od.
means for applylng, at a first wireless communication device, a first plurality of

scalar functions to the first plurality of pilot symbols;

‘means for transmitting, from the first wireless communication device, the
plurality of pilot symbols during a plurality of time intervals and at a plurality of
frequencies;

means for grouping a second plurality of pilot symbols into a plurality of clusters;

means for applying, at a second wireless communication device, a second
plurality of scalar functions different than the first plurality of scalar functions to a
second plurality of pilot symbols, wherein each cluster of the plurality of first pilot
symbols is orthogonal to each other cluster of the plurality of first pilot symbols and the
plurality of second pilot symbols; and

means for transmitting, from the second wireless communication device, the
second plurality of pilot symbols during thé same plurality of time intervals and at the

same plurality of frequencies as the plurality of first pilot symbols.



52. The wirel ess communi cati on apparatus of claim49, wherein the
plurality of pilot synbols are transmtted during a plurality of
conti guous synbol periods between a first synbol period and a | ast
synbol period and wherein nmeans for grouping conprises neans for
grouping the plurality of pilot synbol® so that only one of the
plurality of pilot synbols of each group is transmtted during
either the first synbol period or the |I|ast synbol period. 53. The
Wi rel ess conmuni cati on apparatus of claim49, further conprising
means for appl y4n r . i h | LY., of
scal ar functi oﬁg ?%@Qgggﬁ 08 t “2‘“(&‘8 ﬁ?@alk% écﬁd i ?lts?t %fﬁ?l?%#ﬁé: lﬁ%olfys?
54. The wpilet sgsbols ermtamismatddoniliaipg arphtreisty of sulcairiersdtweathereaximtiine
means for . _applying another. scal ar function conprjises neans for
Varying ofERErYE H R i a i TR e SHE B ISF Fi8 B BngaEm e { he
pl uralityfiesk wheleSd cophth@icpftdelise, c3thpriRR meAndRe RaAgnitiBRdat Quirddirum
encoded mﬁtg_in tructions for gerforning W rel ess communi cation, the
instructi 8K lr%t&ilﬁﬁliﬂgiOﬁQﬂ%a@bp s thet afpashenepifot pwabqliof pashiclystesfs pi | ot
symbol s i pispmad Phibcalriel %haPls ok YakEthgn ﬁfé%ﬁ[x%ﬁ'lg fednéheylahl He FARANE!
condition; applying, at the first wreless comuni cation device, a
first plufrequengy.of scalar functions to the first plurality of pil ot
synbols; transmitting, fromthe first wrel ess conmuni cati on devi ce,
the plurality of pilot synbols during a plurality of tinme intervals
and at a pl ur afi.tBheofirdlése go@AtinRStiorI4pPaRtR®T 3lage 60 Whdbid idahd for Of
pilot synpols.into a plurality gf clusters according to a second

channel ~ cBHMEIgE Varks Shg magmum frequepeynd thi minimys fegnpreyivant besvicen a
devi ce, afige6MBPetdbnlal se¥orftinsCHl ' i ?rgmnf]
first pl urlal [ tyggf scalaa?r ?‘urﬂ:ti orﬁ%ﬁtsgfﬂgpg%?gﬁgengﬁeitﬁgﬁg%th% pi E}f
synbol s, Tpmeetyranddehmexigammefreqfeneshior giedirstitimgpepiod e lstwernithie  symbol s
i s orthoggn rgcl. t lural ity of .first pilot
synbol s glﬁgﬁ%lﬂltélqﬁ%g%gyiag {1/ B%fm%!élgg%a{eﬁlﬁ%%p r}grst@e IR Elélﬁé’ e??(!insrri tting,
fromthe second wreless communi cati on device, the second plurality
of pilot synbol,s.duri.ng the sane pluralit f tinme intervals and at
the sane pl urggrl' iﬁ?‘ “8?6?‘?5? EYUEHECH naf’sf’p't‘rﬁ%?slﬁfﬁl?’é‘i‘ #R-yhstein thegplurglity of

symbol s. pilot symbols are transmitted during a plurality of contiguous symbol periods between a

first symbol period and a last symbol period and wherein means for grouping comprises
means for grouping the plurality of pilot symbols so that only one of the plurality of
pilot symbols of each group is transmitted during either the first symbol period or the
last symbol period.

53. The wireless communication apparatus of claim 49, further comprising
means for applying another scalar function of another plurality of scalar functions to

each of the plurality of first pilot symbols.

54. The wireless communication apparatus of claim 49, wherein the means for
applying another scalar function comprises means for varying over time the another

scalar function app]ied to each of the plurality of first pilot symbols.
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55. A machine-readable medium encoded with instructions for performing
wireless communication, the instructions comprising code for:

grouping a first plurality of pilot symbols into a plurality of clusters according to a
first channel condition; ‘

applying, at the first wireless communication device, a first plurality of scalar
functions to the first plurality of pilot symbols;

transmitting, from the first wireless communication device, the plurality of pilot
symbols during a plurality of time intervals and at a plurality of frequencies;

grouping a second plurality of pilot symbols into a plurality of clusters according
to a second channel condition;

applying, at a second wireless communication deviée, a second plurality of scalar
functions different than the first plurality of scalar functions to a second plurality of pilot
symbols, wherein each cluster of the plurality of first pilot symbols is orthogonal to each
other cluster of the plurality of first pilot symbols and the plurality of second pilot
symbols; and

transmitting, from the second wireless communication device, the second
plurality of pilot symbols during the same plurality of time intervals and at the same

plurality of frequencies as the plurality of first pilot symbols.



