1 OWNI - DI RECTI ONAL SENSI NG OF RADI O SPECTRA BACKGROUND 5The present
invention relates to wirel ess comruni cations, and nore particularly to the
sensing of wireless transnmi ssions froma user of a spectral resource.

The radio spectrumis a limted resource that should be shared between many
different types of equi pment such as cellular, home network, broadcast, and
mlitary communi cation equi pnment. Hi storically, each part of the radio
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FIG. 1, the shaded areas represent geographic locations in which a given carrier frequency
is being used by a licensed user (e.g., by Broadcast TV). In the remaining areas, the so-

20 called “white spaces”, the given carrier frequency is allocated to the licensed user but is
not actually being used by that user.

In order to make better use of the licensed spectral resources, some countries will,
in the future, allow unlicensed services (so called “secondary” uses) to take place in areas
(called “white spaces”) in which the licensed (primary) user is not transmitting. However

25  the primary user will always have priority for the use of the spectrum to the exclusion of
others. Therefore, some sort of mechanism needs to be in place to ensure that the
unlicensed users are not causing interference to the licensed user.

One mechanism is to install the unlicensed network in a geographical area where at
least some parts of the licensed spectra are known to be unused.

30 However, even more use of the white space can be made if the non-interference
mechanism adopts a detection strategy in which it operates on the licensed frequency (or
frequencies) in the white space only so long as no licensed user transmissions are detected,
and ceases such operation as soon as licensed user transmissions are detected. In this

context, ceasing operation may mean ceasing all operation, or alternatively may mean
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I ncunberde dQrivitee thrd@hout the white space. However, this increases the complexity and

cost of network implementation within the white space.
An alternative way of achieving a distributed set of sensors throughout the white
space is to have sensing performed by each of the mobile terminals that are located within
25  the white space. Each of these mobile terminals performs a sensing operation, and reports
its findings to a main node (e.g., the mobile terminal’s serving base station), the findings
being either in the form of raw data or as some sort of processed data.
The sensing and measurement quality in a white space system needs to be
sufficiently good in order to guarantee a lack of interference to the incumbent service. To
30  achieve this, the sensing antenna must be able to detect signal energy arriving from any
direction. As described in the Cordeiro et al. publication mentioned above, the white
space system specifications require that the sensing antenna operate with an omni-

directional pattern.



30achi eve this, the sensing antenna nust be able to detect signal energy
arriving fromany direction. As described in the Cordeiro et al.
publication nentioned above, the white space system specifications require
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least 4 radiating antenna elements, each element fed one of only four phases

separated by 90 degrees. The two or four phases are controlled by a phase control

device and obtained without use of phase shifters. The PAA is scanned to obtain

an essentially omni-directional beam that provides a gain of at least a 6dB.

25 As another example, EP1447920A1 describes an arrangement that

increases the range of a wireless local area network (WLAN), reduces the

transmission time and improves quality and reliability of communication. The

arrangement consists of a multitude of transceiver devices of users that

simultaneously use directional antenna beams to scan in different directions. One

30 of the devices transmits an omni-directional signal that is received by the other



SUMVARY It should be enphasized that the teans "conprises” and
"conprising", when used in this specification, are taken to specify the
presence of stated 10features, integers, steps or conponents; but the use
of these terns does not preclude the presence or addition of one or nore
other features, integers, steps, conponents or groups thereof, In
accordance with one aspect of the presegé i nvention, the foregoing and

ot her objects are achieved in nethods and apparatuses In which a user

equi pnent 15 conprising a receiver coupled to a plurality of antennas is

operated in a manner conparable to omni-directional enna functionality.
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each one §f mnmbtmakustﬁng@forﬁ.ﬁﬁnr&kim&lmﬁ&%@dmé‘r&w ng a sane point of
origin, the following is perfornmed: retrieving fromstorage each of the
baseband si gnal sanpl e sequences; 4 wei ghting each of the retrieved
baseband signal sanple sequences bysynNigEpPReti ve one of a plurality of
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radiofrequency signal supplied by each of the antennas is converted into a

sequence of baseband signal samples to thereby produce a plurality of baseband

20  signal sample sequences, wherein each of the baseband signal sample sequences

is associated with a respective one of the antennas. Each of the baseband signal

sample sequences is stored. Then, for each one of a plurality of spatial directions

having a same point of origin, the following is performed:

retrieving from storage each of the baseband signal sample sequences;



In some enbodi ments in which the result of the spatial direction indicates
whet her a signal froma transmtter has been detected, using the result for
the spatial direction to 20 control a further action perforned by the user
equi pnment conprises determ ning whether the result for the spati al

direction indicates that the signal fom t he transmtter has been detected
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use this capabl | i ty to enul ate an omi -directional antenn FIG 4 is
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alternative ones of such embodiments, this reporting is performed in response to the result
for the spatial direction indicating that the signal from the transmitter has been detected.
In some embodiments in which the result of the spatial direction indicates whether
a signal from a transmitter has been detected, using the result for the spatial direction to
20  control a further action performed by the user equipment comprises determining whether
the result for the spatial direction indicates that the signal from the transmitter has been
detected and combining this determination with determinations derived for other ones of
the plurality of spatial directions to produce a combined result that indicates whether the
transmitter has been detected in any of the spatial directions. The combined result is then
25  reported to a serving base station with which the user equipment is in communication.
In some embodiments in which the result for the spatial direction indicates whether
a signal from a transmitter has been detected, the plurality of spatial directions is
determined based, at least in part, on which spatial directions are associated with a past
detection of the signal from the transmitter.
30 In yet another set of alternative embodiments, the plurality of antennas is a subset
of a total number of user equipment antennas.
In still another set of alternative embodiments, the weights have non-uniform

magnitude values.



The various features of the invention are described with reference to the
figures, in which like parts are identified with the sane reference
characters. The various aspects of the invention will now be
described in greater detail in connection with a nunber of exenplary
embodi ments. To facilitate an understanding of 20the invention, nany
aspects of the invention are described in terns of sequences of actions to
be perforned by el enments of a conputer system or other hardware capabl e of
executing programed BRIEFUWBESCRIPTIONVOFITHE DRAVWINGSd that in each of

t he enbodi nents, the various actions could be perfornmed by specialized

circuits (e.gthe oireiodaduryprecios éreépéeqt@aivellé)gtuaéerﬁtﬁpé Py osERBe t o
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with a suitablFe se structions, or by a co nation of both. The term
"cirduitry cdifi gulhestrates'zepenplocahanme carstimymg sdeslied Heldteasphcasiisodasdused
herein to _refer to any such enbodi nent (i.e., one or nore specialized
circuit§n§ﬁﬂF§W“Hhe or nore programed processors). Mreover, the invention
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conput er readabl e carrier, 'such as sol'id-state 30nenory, magnetic disk, or
opti cal idvekiosent dhphiyed andhuakizedopri at e set of conputer instructions that

woul d cause rocessor to carry out t t echni ques descri bed . herein. Thus,
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i nvention. For each of the 6 various aspects of the invention, any such
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fi d tq! - ' ' OF . ' ic that"
performs a adddh iuabEkRHERe bEEBrAhha vl RLLE DRFEIR, Bl O Coe"Tho

or nor e taavaindaspetseofald mvedimnuse 50f Miltiple I nput Multiple Qutput
(M M) techniques during data reception and/or transm ssion. |In an aspect
of enbodi ments consistent with the invention, these sane nultiple antennas

al sqsused for sensing. By CQHETREEE[*@ES?%?PTH@NS!gnals W th proper weights
[

(wherein each wei ght conprises a phase s t and in sone but not
necessarily dalliec vanbosiferintsaf tind mociomegn dtsedbedwithoeferen)g totthefigligcni ve

reception .be may be.steered. in any.direction. The received signals
. 't hotuFbIES PRbce (B TR QPRI T F U aIESt hon anal yoed. W th I obe
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over a nunber of representative directions, a spatial Sensing range
equi val exenn¢ation vdth afiuraber efakenpleycmmdancmnt Eofegilitatc ao hindersi@ndimpege and
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to be performed by elements of a computer system or other hardware capable of executing
programmed instructions. It will be recognized that in each of the embodiments, the
various actions could be performed by specialized circuits (e.g., analog and/or discrete
logic gates interconnected to perform a specialized function), by one or more processors

25  programmed with a suitable set of instructions, or by a combination of both. The term
“circuitry configured to” perform one or more described actions is used herein to refer to
any such embodiment (i.c., one or more specialized circuits and/or one or more
programmed processors). Moreover, the invention can additionally be considered to be
embodied entirely within any form of computer readable carrier, such as solid-state

30  memory, magnetic disk, or optical disk containing an appropriate set of computer
instructions that would cause a processor to carry out the techniques described herein.
Thus, the various aspects of the invention may be embodied in many different forms, and

all such forms are contemplated to be within the scope of the invention. For each of the



consistent with the invention, an application will be presented in which
nobile termnals (so-called "User Equipnents”, or "UEs") are called upon to
performwhite space sensing due to their unlicensed operation in a white
space, as discussed in the Background section above. It will be understood

that this is presented nerely for the 6purposes of illustration 20 and is
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traditional sense, but also all forps of 5radio access nodes in all forns
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and 215 includes circuitry configured in accordance wt I nventive
pri nci plessistestcwitlbéet itveméibn, danapphvaionmiil-bdipresehicd mahichoeotilerteranib@nna

reception c hility as wil) now be described with.reference to FIG 3 In
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sensors. ' e understood that many wirel ess conmunications
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skill in the art will recognize that omni-directional antenna functionality can be employed
in many different applications having nothing to do with white space sensing.

FIG. 2 is a block diagram of an exemplary system in which UEs are configured to

use omni-directional antenna functionality as provided by embodiments consistent with

25  the invention. In this example, the UEs use this capability for the purpose of white space
sensing. A licensed user (LU) 201 is depicted operating within a geographic area that
includes a white space 203. Transmissions of the licensed user 201 are intended to be
received by, for example, one or more licensed receivers, only one of which (the licensed
receiver 205) is depicted. A mobile communication system is configured in accordance

30  with various aspects of the invention to permit it to operate as an unlicensed user within
the white space 203. The mobile communication system includes a serving base station
207 that serves one or more UEs, including the UEs 209, 211, 213, and 215. In the

context of the invention, the base station 205 exemplifies a “main node.” In other



15 suppression and M MO technol ogi es. A reception beam (I obe) may be
formed, using two or nore RX antennas, by conbining their respective
signals after first applying a set of respective phase shifts. Different
magni tudes can al so be applied to the respective signals if warranted
(e.g., if antenna gains differ signifi‘cantly within the equi pment -- those
of ordi i RY2 ow s is the
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FIG 3 is, inERRASS ers@ﬁﬁw 2110w &hedits iaflugdseRiRfAoatis@Rd fiwnctions, _
carried out by an exenplary UE consistent with the’invention to |nst|II in
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text. In the exenp Iar& enbodi nent, a local variable, n, is used to
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of candi date eEnt, possi bl e
choice is to]?ggybghé(%&bﬁpi'g&ﬁpgg%ggghs "ﬁ%bﬁﬂmg?an age S%&¥§ make t hese
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the signal energy Is ose to hres t he
det ect edbrmegt RX awedms by @nitociag dtiaref eatiads ghdl omédr ffrgatppkyhngla setofions to

be tested but this.Ls not an essential aspect of the invention. o begi n
ormi < i revier Bttt Btferdgfin Tty SRR nriped e ety Dl
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variable n is 10initialized to a val te of ep 3). Each antenna's

sarrpl es afisaryetkdt ai thedrt@ebawdnle lkpowrhoptHe agsess Efglels isBhe pael,dubinrggnanl anal ysi s

t t di r ect b i ned
ceqatnt e A e R Fauylis R R bRARRLER ek Sk IFSHERT ABE Tecel ved at a
same noNeREWNBE W intorfietion, fraliftlogalWaysed P& Juek FRINGE, IS @i Mallgst. The ommi -

d| rectional performance is achieved. It will be appreciated that the
"storag anulgjrgntgnaa gystem will exhibit directionality (i.e., reception of signals primarily

arriving from a particular direction), with the particular direction itself being a function of
the phase shifts that are applied. This directionality appears in the form of a lobe in the

25  composite antenna diagram (as well as a null or attenuation in some other direction(s)).
The lobe also results in an effective antenna gain in the spatial direction of the lobe.

FIG. 3 is, in one respect, a flow chart of steps/processes/functions, carried out by
an exemplary UE consistent with the invention to instill in the UE a beamforming
capability and further to use this capability to emulate an omni-directional antenna. In

30  another respect, FIG. 3 can be considered to depict the various elements of circuitry 300
configured to carry out the various functions described in FIG. 3 and its supporting text.

In the exemplary embodiment, a local variable, #, is used to indicate one of a

plurality of sensing directions. The choice of the number of candidate beam directions is



15 herein can be inplenmented in any of a nunber of ways. Some non-limting
exanpl es of such storage include a random addressable nenory (RAM, optical
nmeans, and el ectroni c buffering/delay devices Continuing with the
process depicted in FIG 3, a set of conplex weights (one for each antenna
whose signal is being processed) corré%ponding to direction #n are applied
to 20t he o) e d the
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disclosure, the resultant weighted value is still considered to be among the set of

"weighted" or "phase-shifted" values.
The combined signals are then processed as needed for the application to obtain
30 results for direction #n. In this non-limiting example, this means processing the combined
signals in accordance with any of a number of known white space detection algorithms to
produce a result indicative of whether an incumbent user’s signal has been found coming

from direction #n (step 307). This result is tested to determine whether an incumbent user



As mentioned above, white space sensing is just one of many possible
applications to which the omi-directional antenna capability can be put.
More general ly, decision 25bl ock/steps 309, 311, and 315 constitute an
exenpl ary exanpl e of how an enbodi nent can use the result for the spatia
direction #n to control a further actin perfornmed by the user equi pnent
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sel ecti vel np aS|Z|ng eenp aS|Z|ng he co Ions rom
ant ennasthe present vAlie mﬁﬂtei lotwt Gaddidy @ cart becatire®with tmdmlmhmrbé diredtionansdi dat e
beam directions s inplenmentation-dependent. For exanple, when a total of 8
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found”) is signaled to the main node (e.g., base statlon) (step 315). In alternative
embodiments, the sensing system can be designed such that the UE makes no report unless
an incumbent user is detected, in which case step 315 is omitted from such embodiments.
Returning to decision block 313, if there are more directions to be tested on the
20  stored signals from the plural antennas (“YES” path out of decision block 313), then the
local variable # is incremented (step 317), and processing reverts back to step 305, which
proceeds as described above.
As mentioned above, white space sensing is just one of many possible applications
to which the omni-directional antenna capability can be put. More generally, decision
25  block/steps 309, 311, and 315 constitute an exemplary example of how an embodiment
can use the result for the spatial direction ## to control a further action performed by the
user equipment (step 319). Other actions can instead be taken in accordance with what a
given application is intended to accomplish. Detailed descriptions of all such actions are
beyond the scope of the invention.
30 The phase shifts referred to above are applied by, for example, multiplying the

complex baseband sample sequences by a complex exponential of the form:



20 (0) Sk = "5"kC S(1) k where sh- is a k:th conbined sanple (e.g., as
generated in step 305 discussed above) and ,r(;) and s(;) represent the
recorded k:th sanples fromrespective antennas 0 and 1 25l n sone
alternative enbodi ments, not all candidate directions are tested at every
sensi ng occasion; instead, only t hosel®ith previ ously noticeabl e signal

| evel s are checked. In sone of these alternative enbodi nents, occasi onal
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the magnitudes are non-uniform throughout the set of weights, thereby selectively

15  emphasizing/deemphasizing the contributions from different antennas.
As mentioned above, the choice of the number of candidate beam directions is
implementation-dependent. For example, when a total of 8 candidate beam directions will
be used, and assuming just for the sake of simplicity that there are only two antennas

involved, the combined samples for processing direction ## is obtained as:

20
s, =50 +c s
where sy is a k:th combined sample (e.g., as generated in step 305 discussed above) and
52 and s represent the recorded k:th samples from respective antennas 0 and 1
25 In some alternative embodiments, not all candidate directions are tested at every

sensing occasion; instead, only those with previously noticeable signal levels are checked.
In some of these alternative embodiments, occasional full searches may be carried out to
detect new possible directions of signal arrival.
While the individual RX antennas are far from omni-directional, the scanning
30  operation yields a close-to-uniform coverage of the spatial region of interest. For a size-
constrained handset, it is difficult to link the physical lobe directions to particular

combining weights (e.g., to be able to identify the physical angle of arrival of the



The measurement constraints and data traffic scheduling aspects of nobile
15communi cation arc not affected by the invention. For in-band
nmeasurenents, the network traffic is gated. Qut-of-band nmeasurenents may be
performed i ndependently of the network activity in that band. FIG 4 is a
bl ock di agram of an exenplary HE 400 éblapt ed with circuitry configured to

) ry HE 400 &b ! | qured |
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400 al so i ncludes other circuitry (not depicted) that is well-known in the
art and 4REHRdpRICHEEE ORBINCHe described herein. In this exanple, the UE 504
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clarity, only those components having particular relevance to the invention are depicted.
20  Those of ordinary skill in the art will readily understand that the UE 400 also includes
other circuitry (not depicted) that is well-known in the art and therefore need not be
described herein.
In this example, the UE 504 employs MIMO communication technology, and is
equipped with first and second antennas 401-1 and 401-2. As mentioned earlier, the
25  invention can easily be adapted to operate with more than two antennas. The receiver can
exploit the spatial dimensions of the signal at the receiver to achieve higher spectral
efficiency and higher data rates without increasing bandwidth.
The signals picked up by the first and second antennas 401-1, 401-2 are supplied
separately to respective first and second radiofrequency (RF) front end circuitry 403-1,
30 403-2 that are configured in accordance with any of a number of well-known
arrangements to perform radio reception up to but not including the point at which the
received signal is converted to a baseband signal. The signal samples generated by the

respective first and second RF front end circuitry 403-1, 403-2 are converted to base band



processes the bascband signals in accordance with any of a nunber of known
circuits, the details of which is beyond the scope of the invention. Wth
respect to the UEs omi-directional antenna functionality (which is an
addi tional function beyond what a nobile conmmunicati on system woul d

normal |y require 150f a UE for operat ildn within the nobile communication
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one of  aarur e e e sesp e Aty SO iepb Rt R s 4 B ong
ot hemn t hiupgisie of R cBanaRIMaNLE RssainRAGAIRAL nbbilc sémidiatcamhiesystdie UE 400 is

performng data reception in connection with its participation in the
nobi | e JUeenrAhcRasPmdsigrbi eprordace shibany oh aasmbegoftnewn dispitate second

i n- band (g%qfs@Nh?@[igg%&ﬁdﬁgégoﬁpgémpﬁ-egn\%%ﬂogr ovi de these deci mated signals

at respective secon ch outputs ports 415-1, 415-2. This

sw tch posi tiWitheespeatlts chdleEssdi-stenohdlentdand O ctiegplity @shithniskand

omi -directjonal antenna capability, such as for in-band white-space 13
sensi ng.2ddgipegdunctigndieypré Wit ymebiteewampgicifian system wveuld pprodyediional

t i-anal.it: - ont - Ofi et .
ant g@na Jﬁé&rtg}\ﬁm E@f(}ﬁ)e%afn%nm{mﬂﬁ% nﬁéﬂl‘%%ﬂmﬁin%%ﬁ Systt(—?ﬁ)e,?l%{"[?ﬁghn YOtdquésdh dcauses

t he gange arr angenent to connect tO st and secon
out - of - bangdplgelis nain-emdsnns (407withindbd s@nafrdquenoy bae thitebe Ulemidnat ed

ignhals at .the respective.first . and second. i t ch 5out put orts _.415-1,
a1ors! S Bild'Gt SERES b St b MRS SRERON e Ttk OpeeRier) St 2 an

under st andH BGnAE (VAT JeAYiRg BRRIE R fridiRnty barIlthARIUEHAA G RBRIngQYS an
i npl enentation of the ganged switch arrangenment made from distinct,
physi calstaigintachesng fdowaredgss commiunicabien wghrose rratbel) t haknatilgsedé¢dtiennat i ve

i T IR W Y e o O
out - of handutdesifiemt t4h of the first and second in-band decimation units 405-1, 405-2 and
from the out-of-band decimation units 407-1, 407-2 and, for each antenna separately,
enables selection between in-band and out-of-band baseband signals associated with the
respective first and second antennas 401-1, 401-2. (In the exemplary embodiment, the
25  ganged switch arrangement 411 comprises a plurality of switches that are commonly
controlled so that they all make the same switch selection at any given time, and each
provides its output at a respective one of a plurality of output ports.) A control unit 413
controls, among other things, the ganged switch arrangement 411 so that when the UE 400
is performing data reception in connection with its participation in the mobile
30 communication system the switches connect to the first and second in-band decimation
units 405-1, 405-2 and provide these decimated signals at respective first and second
switch outputs ports 415-1, 415-2. This switch position can also be used when the UE 400

requires in-band omni-directional antenna capability, such as for in-band white-space



and other processing (e.g. on a tine-division basis). In such enbodi nents,
t he ganged switch concept corresponds to configuring the different parts of
the circuitry with appropriate sanpling and conversion paraneters. The
first and second switch output ports 415-1, 415-2 feed their signals to
respective inputs of recording circuiﬂ?y 417 whi ch 15stores these

ve i ) cirouitty 417 uhich 15 se
of out pub ity - Bougvqr il FERIUAPh Gl RMMEE (bR BiAL LRBRA" ;" 0

out put panétionpligMbees-ofenad digdalbakebanel ahigAaad salsbathe pateaissdchated with a
respective one of the antennas 401-1, 401- These signals are supplied to

2.
combi ni rgraBRFRENtEH Y toq@naH te Fhealpist #neksceons! QUi dapbrimgighume Wik ts for
each améﬁ)"l?@awﬁfﬁro%&@’%e@@ﬁﬁéﬁ%geQfg%ﬁrs%bthfetr@ ot §an%15se8&1gl' SGifsed above.
y 10 an

The conmbining circurtry there rns a receiver beam t he out put port
of tle combitsiportp £iSkrLilb+ly 419 supplies a synthesized receiver baseband

si gnal exhibitiqggdirection%%/pro rties.as disc ssed.abqge.. In this
exenpl ary entb¥ihBREPPECIGHAT thatdparder Kelisilifge aperda s aMingof Yot rated.
Ther ef orgpediNen AR A& b EARAEn hOWS b EnpleRRhRlRYo Ctht i ddi¥witl s supplied
to sensing 25 circuitry 421 which anal yzes the combinéd Signal to ascertain

whet her arapgeméntmagle fingAiatingtsphysegleywitchThi owenatr yisiidl beaapptysiapesk thaty med i n

accordance, W th any, of a n er of, known techni ques,, the details _of which
oo beyand b et oty diY Bl s B RCH T wpd BReRiRlG 4R are””
supploi eds i sléﬁllé%ysi&ﬂ_cﬁbﬁiﬁ?’lrﬁd%é@s@d (W shBre@ pfbr iieRAE ouoSbinidalet@ndtiodi cat i on
to a main node regarding, for exanple, whether an incunbent user was found.
30The cowdosher prrcessing(cap en attenc-dinsiapdrasisy singiuele ambedimepts; hgtzangrs r ecor ded

signal s arg.r i i.pl i | 4:8s 1. dj pection to be
nvet | o Bl BRI P SRR e ¢ rersaPRER drihe SRRBPUEE PR T
obt ai n apgidphiateasaipting ecd c@versn paeahéttng. deRierfadt didrsecdridondtcheugat ed

between 0 and_ 360 degrees,. the control unit can cause the received (and 14
r ecor dedPr§i*gadr H2Beeddhelr yiadls it ersEEe IMputs P OEHIE SIPYjtry AL7 88 resul ts

as iffs t ' ' ; i iofii ' I
T e e A R e

ci r cui t rof ougput pontyasahit ntinbersifet siprt poes sied cadpinetod tha outfit@ort8 prdvides vari ous
aspects of odi nents consistent with the invention vi de a er of
v ant ageriateRiE sk e gut peectabd meti et o S witrngs 0[He. need
for a separatenQ8Bionslk ARGUHPNA toRBEHBINIRY Lifculty M NRhRH apfidsshs! nplifies the
industrial design of a termnal, anong other things. Second, the

sensi t i wiorgspoadigrbaemshifes for hechsmtanina gndiperebines ths phasseshdttd shaebiusse t he

b f or i i i.des. di ' Lit) in |
tot 1dr orrd%s B Bl Bt iERICRIT et BgopRag e Rt and (B 5. The
i nvent i gdrhehdeshbidRgilchies MMtshppleskarsgntesitdl Redivdrbdbebanéigagi nent s.

However, it will be readily apparent to those skilled in the art that it is
possi bl exhitEiehdenstiond prepgeisiag discyssepekdvei ¢ forns ot her than those of the

enbodi ment _deg ofk Red, QRO  PIURIE spdel SR BHeAlon SURRCATE!

illustrated in equl ppe
Therefore, the combined signal from the combining circuitry 419 is supplied to sensing

25  circuitry 421 which analyzes the combined signal to ascertain whether a particular signal
is present. This analysis can be performed in accordance with any of a number of known
techniques, the details of which are beyond the scope of the invention. The results of this
analysis are supplied to reporting circuitry 423, which can report a suitable indication to a
main node regarding, for example, whether an incumbent user was found.

30 The control unit 413 operates the various circuitry so that the recorded signals are
retrieved multiple times (i.c., once for each direction to be investigated) with different
phase shifts being applied at each time to obtain a different direction. By testing desired

directions selected between 0 and 360 degrees, the control unit can cause the received (and



15bot h i n-band and out-of -band decimators to permt both types of sanpling
to be perfornmed. However, it nay be known at the tinme of manufacture that a
gi ven pi ece of equipnment will never be called upon to perform out-of - band
sanpling. In such enbodi nents, cost and conplexity can therefore be reduced
by elimnating the out-ofband deci mat idn units as well as ot her circuitry

that su t - X | r . f. deci. I nits
Lo SRS\l S0ER R L LSS 0h A0 04053, B Ao B Ol
Thus, thaddescrdcbiedd aohodpiysihBoraniedirgetiehyl ahlchhist abinéentbodirsding it not  be
considered restrictive in any way. The scope of the invention is given by
t he appeRatal Wbt fscaupestheicctiNg ATEHEY i SEBR U herdsmratertss depigigdan |

vari atigfig; gnd equi val ents which fall 25within the range of the clains are
i ntended to be enbraced therein. -15- CLAIMS: 1. A nethod of operating a
user Sequi pnerithe(v200us &picts i dnb@dimentd @Ohsigentpritlsthn gnventiexc pioveale a( 403- 1,
403-2) coupled.tp a plurality of antennas (401-1, 401-2), the nethod

Compr | si MEPCEPEERDAHG d O SATBRFch a%wti?aéh%ﬂo RARTBHE S hF A Bnnas

(401- 1, dAPdatedmniCRE@SHahtER iP¥liminated. THAYRBIING thd HustrABd&sa & equency
signal supplied by each of the antennas into a sequence of baseband signal

sanpl es temninklermbyg pthoothogs a S¢@plduthalsertsytivaty rbeus esivzanti oSihg mersingantdnaa
sequences, wherein each.of the baseband signal sammle sequences s

2soct acslPWEh PspSSR Rt OERRRTPoRNE RiARN SATHEe RRINEIOE K or cne
baseandhskefnabe fHINIEtoSRAUERSASS todMe the anter@lufIodtsng the fol I owing for
each one of a pIuraIitX@of spatial directions having a sane point of

ori gi n: 15r et thedpvengion mawbesnaicagded adth rsfererse th payépalaticsbeshamentsanpl e
SEqUeNC8Y,wever, it will be readily apparent to those skilled in the art that it is possible to embody
the invention in specific forms other than those of the embodiment described above.
For example, the exemplary embodiment illustrated in FIG. 4 is equipped with
15  both in-band and out-of-band decimators to permit both types of sampling to be
performed. However, it may be known at the time of manufacture that a given piece of
equipment will never be called upon to perform out-of-band sampling. In such
embodiments, cost and complexity can therefore be reduced by eliminating the out-of-
band decimation units as well as other circuitry that supports the co-existence of different
20  types of decimation units within one equipment, such as the ganged switch arrangement
411.
Thus, the described embodiments are merely illustrative and should not be
considered restrictive in any way. The scope of the invention is given by the appended
claims, rather than the preceding description, and all variations and equivalents which fall

25  within the range of the claims are intended to be embraced therein.



wei ghting (305) each of the retrieved baseband signal sanple sequences by a
respective one of a plurality of conplex weights, and conbi ning (305) the
wei ght ed base band signal sanple sequences to produce a conbi ned 20si gna
sanpl e sequence representing a received beam pointed in the spati al

di rection; processing (307) the conbined signal sanple
sequence to arrive at a result for the spatial direction; and
using (319) the result for the spatial direction to controla further

25action performed by the user equipneﬁlf wherein the result for the

spati al direg&h&gﬁ§ﬁdicates whet her a signal froma transmtter has been
detected (309)" ." The nethod of claim1, wherein the plurality of spatial
directions are equahétiiodppseataipiid: éqiepmoit20RR210r318i D15, 4006- 3. The

met hod of claim]l, wherein using the resulf for the spatial direction to
eontrol a fufRRFSIRE? reGFFVB%WéTIHéB-”‘BQ/CQ?PXe%@é'rPlEf&HTY tengeviiPi des
reporting (3id).of e hE&SYA Lorhpfisihppe spatial direction to g serving base
station with which the user equipnment is in communication. 5 4. The nethod
of clai m3, wher ereqeivbigrigradiofreqesngly tsighek atteaeh eneanfithd andenmas (4Mnl t4dlcont rol a
further actigﬂ performed by the user equi pnment conprises reporting (311)
the result f the spatial direction to a serving base station with which

t he user equi pmentharsctérize@®Tuni cation in response to (309) the result for
the spatial 10direction indicgting t hat the signakaiLon1 he. transmtter has
been detected. 5°OMYREINGLPPDdhoTadiqEaanFACy ignet SipRlied Phadid thesult for the
spatial diregldasifo aBUeRbe 8f h4EBAN si ol daibIRAb i ERhrBYudene user .
equi pnent conpri ses: determ ning whether the résult for the spatia
di rect i ol i npliucaditeef bdselandisigngl spmeple sequancenevhereinsash efcthe hassbprden det ect ed
and conbinin [ t 1 nat. | ' ' [ r other ones
of the plur agﬁ{'e{} S%Pg gﬁgéqggp&dlk%gsgﬁa%%s\gﬁ)gé%%%gggégg%ia}éggnérsgsuI t that

i ndi cat es whet her stbhieg {30dhsavhtdfehe basbdrdeigrdbtangtleskquencasyandf t he spati al
directions; and . reportin he c i n resul.t, o a serving
base station wit hpmﬂnﬁmfﬂ'é‘é‘?‘“ﬁé%‘q%lcﬁ%%?ngl“faig%gﬁ%ﬁih?jccﬁfelcﬁ?ﬂs 6. The
met hod of cl Rivihg a s&REPSihSdMBigin: determning the plurality of
spatial directions based, at | east in pan, on which spatial directions are
associ at BY with a past refaevaes from s9ragheacsiodhe) basehapd sigaalsamplinsnit ter .

sequences,

weighting (305) each of the retrieved baseband signal sample
sequences by a respective one of a plurality of complex weights, and combining
(305) the weighted baseband signal sample sequences to produce a combined
20  signal sample sequence representing a received beam pointed in the spatial
direction;
processing (307) the combined signal sample sequence to arrive at
a result for the spatial direction; and
using (319) the result for the spatial direction to control a further
25  action performed by the user equipment, wherein the result for the spatial

direction indicates whether a signal from a transmitter has been detected (309).

Z The method of claim 1, wherein the plurality of spatial directions are

equally spaced around the point of origin.
30



| .The nmethod of claim1l, wherein the plurality of antennas is a subset of
a total nunber of user equi pnent antennas. 308. The nethod of claiml1,
wherein the conpl ex wei ghts have non-uniform magni t ude val ues 9. An
apparatus for operating a user equipnent (209, 211, 213, 215, 400) that
conprises a receiver (403-1, 403-2) coupled to a plurality of antennas
(401-1, 401-2), the apparatus conprising: 5circuitry configured to receive
a radiolrequency signal at each one of the antennas (401-1, 401-2),
characterized by: circuitry (405:-16-407-1, 405-2, 4072) configured to

convert the racligfreqyenc L gnal ,supplied, by e f the gntennas into a
sequence of Obas%ﬁﬂﬁﬂyﬂdﬁﬁrwggnﬁ"l“ﬁ'ﬁ'ﬁf'ﬁ'%?‘&ﬁ?ﬁ“ﬁﬁﬁﬁ@&8"%‘%?’[5?0210&?/ of
basehand si gBaitrol amiftieer SCEMERERIMedBR (IR eLefilipRénticbRpbaaabsditingi gnal
sanpl e sequences is associated with a respective one of the antennas;

circuitry (48A) teresulifoetherspatial drectiondn agervingbase s@Ham & vyHeh e

sequences; aggﬂ.%agi'g GHI K& céﬁﬁﬂic? igured to performthe follow ng for
each one of a pldrality of spatia I'rections having a sane point of

origin: rktrieving fromstorage each of the basebaitd signal anple

sequences: vl 9Nt ig RGN fibhY, LALkLPUSS: BRSERAEH o2 sBRA aRaBhSo
control a further action performed by the user equipment comprises reporting
(311) the result for the spatial direction to a serving base station with which the
user equipment is in communication in response to (309) the result for the spatial

10  direction indicating that the signal from the transmitter has been detected.

5 The method of claim 1, wherein using the result for the spatial direction to
control a further action performed by the user equipment comprises:

determining whether the result for the spatial direction indicates that the

15  signal from the transmitter has been detected and combining this determination

with determinations derived for other ones of the plurality of spatial directions to
produce a combined result that indicates whether the transmitter has been
detected in any of the spatial directions; and

reporting the combined result to a serving base station with which the user

20  equipment is in communication.

6. The method of claim 1, comprising:
determining the plurality of spatial directions based, at least in part, on
which spatial directions are associated with a past detection of the signal from the

25  transmitter.

% The method of claim 1, wherein the plurality of antennas is a subset of a

total number of user equipment antennas.

30 8. The method of claim 1, wherein the complex weights have non-uniform

magnitude values.



70by a respective one of a plurality of conplex weights, and conbining
(419) the weighted baseband signal sanple sequences to produce a conbi ned
si gnal sanpl e sequence representing a received beam pointed in the spati al
di rection; processi ng (421) the conbi ned signal sanple
sequence to arrive at a result for the spatial direction; and 25using the
result for the spatial direction to controla further action perfornmed by

t he user equi pnment, wherein the result for the spatial direction indicates
whet her a signal froma transmtter has!Been detected. 10. The appar at us
of claim9, wherein he plurality of spatial directions are 30equally spaced
around the point of origin. -18- 11. The apparatus of claim9, wherein
using the result fagrapph@nsFat brattighfekt euipme@Rog, 2l 1 R 1ByptHawopct i on
perfornmed by the user equi pnent COQE{'SeS re ortlng gmél) t he result for
the spatial #&at 6@?]’6??51363‘?&“5@&&%%5 3% 099%!9 #ha piuritnaf anerngs (44

equi pment sy bP . The apparatus cif claim?9, mhereln
using the resul t”for the spatlrf irection to control a firthec action
perfornmedS by the oseritrggonfgmEed toceoqve s esliofmgoendyrsignaBatidach hee oftbel t f or

t he spati al dlreCtkgﬂhﬁo‘ﬂzé rving base station with which the user

equi pnent i saf |6% ioh in response to (309) the result for the
spati al 10directi grarhdteigatdyng t hat the S|gnal fromthe transmtter has

been detected 13. The qf aratus of cl ai wherein using the result for
the spati al dlrecPFﬁﬁ“Yé ht40dt1, éO?@rﬂﬂ%?)%Rﬂﬁ@%?dﬁ@FPEWﬁE@eby the user

caui PTent - CORRfé @eRien AT g BELIEST O ERRMIohaEeldie, PAL T 2

direction indicates t fromthe transmt as been
det ect ed1@nd bwhmdmgigal smslcdex técwbmatqdane e\ptunaldppébaﬁehmd sogral sanploed for

ot her ones of nbi ned
result that ogﬁgq%%ansnl hﬁgﬁs% C%E P 3&@n any of
the spati al dmrhemﬁcsmave armoftheantennas, reportl ng the conbi ned result to a
serving base station wt ch the user n in co ni cati on.
14. The appar at uscs?mw&‘P% "}61 fositeys: et the B E}ﬂ‘iﬁjﬁftﬁw fifi gured to
determ ne thgeqlehéed! dddy of spatial directions based, at l|east in pan, on

whi ch spatial directions are associated with a past detection of 25the
signal fiodm the tchpiy (4} configured to perform the followmg for each one of a

plurality of spatial directions having a same point of origin:
retrieving from storage each of the baseband signal sample
sequences;
weighting each of the retrieved baseband signal sample sequences
20 by a respective one of a plurality of complex weights, and combining (419) the
weighted baseband signal sample sequences to produce a combined signal sample
sequence representing a received beam pointed in the spatial direction;
processing (421) the combined signal sample sequence to arrive at
a result for the spatial direction; and
25 using the result for the spatial direction to control a further action
performed by the user equipment, wherein the result for the spatial direction

indicates whether a signal from a transmitter has been detected.

10.  The apparatus of claim 9, wherein the plurality of spatial directions are

30  equally spaced around the point of origin.



15. The apparatus of claim9, wherein the plurality of antennas is a subset
of a nunber of user equi pnent antennas.

18

11.  The apparatus of claim 9, wherein using the result for the spatial direction
to control a further action performed by the user equipment comprises reporting
(311) the result for the spatial direction to a serving base station with which the

user equipment is in communication.

12.  The apparatus of claim 9, wherein using the result for the spatial direction
to control a further action performed by the user equipment comprises reporting
(311) the result for the spatial direction to a serving base station with which the
user equipment is in communication in response to (309) the result for the spatial

10  direction indicating that the signal from the transmitter has been detected.

13.  The apparatus of claim 9, wherein using the result for the spatial direction
to control a further action performed by the user equipment comprises:
determining whether the result for the spatial direction indicates that the
15  signal from the transmitter has been detected and combining this determination
with determinations derived for other ones of the plurality of spatial directions to
produce a combined result that indicates whether the transmitter has been
detected in any of the spatial directions; and
reporting the combined result to a serving base station with which the user

20  equipment is in communication.

14.  The apparatus of claim 9, comprising:
circuitry configured to determine the plurality of spatial directions based,
at least in part, on which spatial directions are associated with a past detection of

25  the signal from the transmitter.

15.  The apparatus of claim 9, wherein the plurality of antennas is a subset of a

total number of user equipment antennas.

30 16.  The apparatus of claim 9, wherein the complex weights have non-uniform

magnitude values.



