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(54) Title: METHODS AND APPARATUS FOR MITIGATING KNOWN INTERFERENCE

410~

Receive a Signal from a Base Siation that is Affected by an
Interference Source

420~

Determine a First Pilot Signal Associated with the Base Station
And/or a Second Pilot Signal Associated with the Interfering
Source, the First Pilot Signal Includes Information Broadcast
from the Base Siation and the Second Pilot Signal Includes
information Broadcast from the Interference Source

430~

Mitigate interferance Caused by the Interference Source from
the Received Signal Using the First Pilot Signal and/or the
Second Pilot Signal

FIG. 4

(57) Abstract: Systems and methods for mitigating known interference at a receiving device are provided. A signal from a transmis -
sion source is received by a receiving device that is affected by an interference source. At least one of a first pilot signal associated
with the transmission source and a second pilot signal associated with the intertering source is determined. The first pilot signal in-
cludes information broadcast from the transmission source and the second pilot signal includes information broadcast from the inter -
ference source. Interference caused by the interference source is mitigated from the received signal using at least one of the first pilot
signal and the second pilot signal.
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[0004] In wireless communication systems,

received oY a receiver from a transmission
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a base station) is typically affected by cother

devices). For example, in cellular networks, inter-cell

interference is a type of interference that

dominates

over the noise level. Generally, traditional svstems
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rely on channel estimates to be determined

count for scme

a
interference at the receiving devices. However, such

estimates may not accurately reflect the transmission

channel and involve complex computations le

inefficiencies.
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for mitigating known interference in a received signal

gqating interference

ng to

prese disclosure, methods and apparatus are provided

information broadcast from multiple transmission szources.

(40087 Systems and methods for mitigating known

interference at a receilving device are provided. A

signal from a transmission source is received by a
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in the context of

3100

transmiss

communicate wi

to

ancther source generating interference signals). It
should be understood, however, that this disclosure is
applicable to any number of interfering sources in any
multi-transmission source system (e.g., WiMAX, WiFi
BLUETOOTH or 3GPP LTE) .

(0013} IG. 1 is a diagram of a wireless communication
system 100 in accordance with an embodiment of the
present disclosure. System 100 includes a transmission
source 110, a receiving device 120 and an interference

source
th

“ering source

a cellular

a
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intended

nt

that iz mea
one
ation or

source 130. Transmission source 110 may be a base
station in a cellular envircnment that provides an
receives data to/from receiving device 120.

100147 Transmissicn source 110 may transmit broadcast
signals to receiving device 120. The broadcast signals

information, anc
information The

iD, for ezxample,

example, in WiFi.

connection with a
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y Lo any other wireless system. . The
also include Physical Broadcast

d

informaticon, Physical Control Format

ormation (PCFICH), Physical Downl

el information (PDSCH}, and/or Physical
Downlink Control Channel information (FDCCH). The
broadoast signals may also include cell specific

reference signals (CRS) for channel estimation, and
primary and secondary synchronization signals For
purposes i this disclosure, these brcadcast signals may

be referred to
itimitation T

sigrnals

communication
120 to

cevice
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mainta

as pilot signals for simplicity and not
he type of information included in the
may vary bkased on the type of wireless
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100157 In some embodiments, the power of the pilot
signals may be increased relative to the power of data
signals transmitted by transmission source 110,

Specifically, to ensure coverage and reliabllity,
transmission source 110 may generate and transmit the
pilot at a power level grealter Lhan the powe:r
level used to transmit the data signals. In some
implementations, the pilct szigrnals are transmitted by
transmission source 110 periodicall or rande
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other source
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nmission source, noise, mebile device or any
Chat transmits signals that overlap with the

by transmission scurce 110,
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interference source 130 may be referred to as the known
interference to the receiver., An exemplary
implementation of pilot signals transmitted by
transmission source 1 and pilot signals transmitted by
interference source 130 is discussed in greater detail 1

connection with FIG.

(00187 one interference
in FIG. 1, any number of interferen
present. Each interference source

interfering signals that may affect
by transmission scurce 110,
[00189] Receiving device 120 may

PDA, meobile device, la

other suitable devic

transmizsicn source Receiving
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and interference source 130) within a predetermined
proximity of receiving device 120. For example,

receiving device 120 may scan any signal recelved from a
transmission source having a signal to noise or power
ratio greater than a predetermined value. Receilving
device 120 may process each signal receiving device 120
receives to detect pilliot signals. Specifically, in
cellular systemns, the receiving device (e.g., the
handset) may scan neighboring kbase stations as well as
the serving base station fo determine pilot signals
assccliated with each base stabtion.

(00217 Feceiving device 120 may process the pilot

signals received from each transmnissicon sour
transmission source 110 an nterference so

remove or mi from the
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gource 110} and signais 280, that may inciude pillot
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A neighboring base station {(e.g.,

signals, from

interference source 130

. In some implementations, the
pilot sigrnals from each base station may be similar ox
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identical in length and configuration and may be

transmitted at the same time. Specifically, the signals
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may inciude a first port
information (e.g., the pilot signals) and a second

porticon that includes data. The second portion may

follow or precede the first portion. Each peorticn may

include a plurality of frames and a plurality of sub-
frames. Accordingly, recelving device 120 may be

configured to determine which signals correspond to which
base station based on the predetermined configuratior
and/or pilct

[0023] As

1 diagram 200, each individual small
box within the larger vertical box, representing the
signals 270 and 280 for each base station, represents a

given sub-frame within the frame (l.e the vertical

column of small

include any number of precdetermined frames. FEach frame
in the signal may inclilude a same predetermined number of
sub~frames. Specifically, in LTE systems, each

represents a
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represents an CrDM symool
resource element {(subcarrier) within the OFDM symbol.
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gignals may include a CRS wvalue. The frames that fcocllow
the first two frames may include data (PDSCH) values and
rilot signals (CRS) values.
[0025] Signals 270 from the

include a first pPox tion with a

and first FPDCCH sub-frames 220
nelghboring base station include a second portion with a
second CRS sub-frame 240 and second PDCCE sub-frames 250.
The CRS sub-frame locaticn within a given frame a

value may differ between the two signals {e.g., the CRS
sub-frames between two plleot signals may be offset by one

sub~frame locaticn, and the CRS values in each CRS sub-

frames may be different). BSpecifically, CRS aub-frame

210 location in the serving base station signal 270 may
correspond to sub-frame positicns 1 and 7 while CRS sub-

frame 240 location in the neighboring base station signal

280 may correspond to sub-frame positions 2 and 8.
Receiving device 120 may use the first porticns of the
sub-frames 210 and/or 240 to determine the known
interference to the desired signal 270 since the
information provided in the first portions incliludes
predetermined information. Specifically, because the
information included in the first portion has a
predetermined arrangement, receiving device 120 may be
able to detect the interference pattern. In the

N

exemplary diagram 200, receiving device 120 may determine

o

the interference between the serving base station signals

~

270 and the neighboring base station signals 280 to be in

€,

the sub-frame positicns 2 and 8.

I
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00267 CRS gub-frames 210 and 24C may appear among &
predetermined number of frames within the pilot signal

TS Y

{(with the same or different wvalues). For example, CRS

sub~framne may also zppear among data Iframes Z30
{e.g., PDSCH}) of the data transmitted by the serving base
station. Similarly, CRS sub-frame 240 may also appear
among data frames 260 (e.g., PDSCH) of the data
transmitted by the neighboring base station. The frame
number that includes the CRS sub-frame 210 or 240 may be

the same between the twoe different signals 270 and 280,

As such, receiving device 120 may be programmed to
identify the CRS sub-frames in a particular frame in

order to determine the CRS sub-frame wvalue.

-

[0027] In some implementations, receiving device 120

may process the received signals to identify which piliot

signal is being transmitted from which base station.
Specifically, receiving device 120 may be preprogrammed
or have stored the CRS value of the serving base station.
device 120 mayv be able to
distinguish signal 210 transmitted by the serving base

station from sigrnals 240 transmitted by a neighboring

3]

base station. In response to detecting a pilot signal
from a& neighboring base station, receiving device 120 may

store in a memory an asscciaticon of each pilot signal

with the corresponding base stati
[0028] FIiG. 3 is illustrative of this embodiment of
recelving device 120 in accordance with the present

120 may include pilot signal
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estimation circuitry 330, interference mitigation

S S S (o Rnry
tization cilrcuitry 350.

clrouitry 340 and ut:

100287 Piloct signal determination circuitr

3 - 3y T v R i -2 1
process silgnals received by receiving device 1 to
3ol d For s T oat et s I R I SR R ~ -
identify pilot silgnals. Specifically, pillob signal

nation circultry 310 may process the received sum

o
ﬂ‘
o
(')
-4
,
:5
l../

M

of zignals 140 and 15C to identify pilot signals. Pilot
signal determination circuitry 310 may perform a process
discussed above in connecticn with FIG., 2 to identify and

extract pilot =zignals

transmission sources.
circuitry 310 may include a storage device in which an
asscociation between pilcet signals and transmiszsion
sources 1is stored. Specifically, pilot signal
determination circuitry 310 may store a representaticn of
ot signal received from transmission source 110
{e.g., the received CRS information) and associate that
representation with transmission source 110. Pilot
signal determination circuiltry 310 may store a

representation of the pllot signal received from

interference =zource {e.g., the received CRS
information) and assoclate that represgentation with

interference source 130,

[0030]

-

)
n
@]
=3

embodiments, pilot signal determination
clrcultry 310 generates the pilot signals (e.g., CRS)
from each transmissicn source using the unigue identifierxr

5

O source. I some embodiments, pillot

[N

of the ftransmiss
signal determination cilrcultry 310 receives the pilot

signals (e.g. synchronization signalis, PBRCH) from eact

]
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transmission source during scanning and generates and

stores the pilot signals it receives as the pilot signal
determined. In some embodiments, pilot signal

leataearminat i v T T 11""‘“\7 Q"O lecodes the i lotr ""lf"(\".["‘
ageterminaclion ClLIXCUltiyry IS4 aecotes Tne piiot sldgnals
after some cother pilob signals become avallable from the

same Lransmission source {e.g., decoding FDCCH after CRS
is available and channel estimation 1s done) to generate

the pilot signals. In scome embodiments, pilot signal

determination circuitry 310 receives assistance data from

the syvatem {e.g., ancther transmisasion source or pre-
stored configuration data) that includesg the information

necessary to generate the pilot signals.

(00317 In some implementations, after identifying

lot signals from interfering source 130, pilot signal
determination circuitry 310 may continue to determine
whether to continue known interference mitigation. In
such circumstances, pilot signal determination circuitry
310 may judge the benefit and reliability of known

interference mitigation, based on some measuremnent of

gquality of identified pilot signals {(e.g., based on
whether a guality metric associated with identified pilo

gignals exceeds a threshold value}). For example, pilot

signal determination circuitry 310 may measure the
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strength of the desired =zign
interference caused by the interfering pilot signal
When the relative strength, or signal-to-interference-

than =zome threshold or some
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adaptive rules, the benefit of mitigating a weak

interference over the risk of inaccuracy intrcduced from
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the unreliable estimate of the knowr
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interference i
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small. Accordingly, pilot signal determination cirvrcuitry
310 may decide to bypass interference mitigation
clrcuitry 340.

[6032] In some embodiments, receiving device 1
mitigate known interference using a coherent interference
cancellation technique. Interfering channel estimation
circuitry 330 may process the received signals 320 (which
may be the signal received by receiving device 120} and

the pilot signals from the Iinterfering source 130 to

-

estimate the Interfering channel associated with
interference source 130. In particular, the desired {or
transmission source 110} channel and the Iinterfering

{interference source 130) channel may be jolntly or

individually estimated when the interfering signalis 140
-] R £ o - - 3/ N R [P P -3
occupy the same frequency and/or tLime resources as the

pililot signals associated with transmission source 110.

In such circumstances where Joint channel estimation is

w1 ey - Ry Sy o~ 4o -y o o RSN wy =y x TN oy SEL T4 o~ -
implemented,, received sign 320 may be supplled tc

interfering channel estimabtion circuitry 330 along with
pilot signals associated with interference scurce 130 and
transmission source 110. The pillot signals may be cubtput
by pilct signal determination circuitry 310 to
interfering channel estimation circuitry 330. The piiot
signals associated with interference source 130 and

transmission source 110 may be processed together (or
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combined) with received szignals

h

erence source 130. In such

estimate for inter

clrcumstances, various techniques of Joint processing can
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be applied. For example, the received signals may ke

=

interpreted as the sum of the channels between each
transmission source and the receiver multiplied by the
pilot signals. A least sguare soluticn of both channels
may be used bto improve the channel estimation accuracy.

addition, a two dimensional filter

the received signals, which is

derived based on the piloet sicnails assoclated with the
tranzsmizsicn source and the interference source.
[0033] The channel estimate for interference source

130 may be provided to interference mitigation circultry

with interferernce source 130, Interference mitigation
clrcuitry 340 may generate the received interfering
signals by the outcome of the pilot signals from

traveling through the interfering

Ui
G
jo
s
Q
o
}._.
(o)
o

interference
channel. The received interfering signal may correspond
to the portion of recelved signals contributed by the

pililot signals from interference source 130. Interference

igation circuitry 340 may subtract ocut the received
interfering sigrnals from the recelved signals 320 to

generate interference free received signals for cutput to

[
= O
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€
O

mitigate known interference using a ccherent in
suppression technigue. In such circumstances,
interference mitigatbion circuitry 340 may pyerform an

interference rejecticn combining/whitening process to
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generate an interference whitened received signal instead

5
1
L

of or in addition to cancelling out the interference.

1y, the interference correlation matrix can be

interfering channel estimation circultry 330, and/or the
expectation of the pllet signals from interference source
30. TFor example, an interference rejection filter, or a
square roolt matrix of the inverted interference
correlation matriz, may be used to whiten the received
signal 320 and the desired channel. Other interference
suppressicon filters may be implemented after the
interference correlation matrix is determined. In such
circumstance, the interference mavy be suppressed without
cancelling each individual received signal.

(00357 The desired signal transmitied by transmisszion

source 110 may then be computed using the interference

free received signals. Alternatively or in addition, a
channel estimate associlated with transmission source 110
may be computed based on the interference free received
signals.

[0036] In some embodiments, receiving device
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mitigate known interference using a non-coherent
interference mitigation technigque. In particular,

nown interference when
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where y{i} is the recelved signal, h;{i} 1z the channel
associated with the transmission source 110, h:(i) is the
channel associated with interference source 130¢, s;(i) is
a transmitted signal from transmission souvrce 110, sz(1)
igs a transmitted pilot signal from interference source
130, T is a time/freguency, and I is a time/frequency
index.
[G037] In some implementations, receiving d ce 120
may mitigate interference by simplifyving eguation (1) and
mitigate interference in accordance with the following
equation:

(2) {801 { ) -, (T) = drg max }—i({z}hs (7)%{7)‘

¢ slien {57 o A

where y{i} is the received hs{i} is the channel
associated with the transmission source 110, s:{(i) is a
transmitted signal from transmission source 1106, s,{i} 1is

a transmitted pilot signal from interference source 130,
T is a time/frequency, and I 1s a time/frequency index
Mitigating non-coherent interference in accordance with
equation (2) may avoid the need to compute channel
estimates for interference source 130, Specifically, in
the case of mitigating non-coherent interference,
receiving device 120 may omit or avoid using int terfering
channel estimation clircuitry 330 and may instead output
the results of equation (2} directly to interference
mitigation circuitry 340 and/or utilizaticn civcuitry
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[6038] Utilization circuitry 350 may include various
analog or digital processing circuitries For example,
;tilization may be a digital signal processor or a
microprocessor or central processing unit {(CPU). In some

dNE

nemitter/receiver

circuitry.

include

In some embodiments,

utilizaticon circuitry 350 may provide control signals to
any one of the components of system 100 Lo execule,

change or modify the encoding/deco

coding, storing and

retrieving memory operations. Utilization circuitry 350
may provide or receive user or system data to/from any
one of the components of system 200 to identify pilot

cancel

and/or

350

signals

clrcuitry may include a

for com channel esti

110

sSOQurce

clrcecuitry, synchronization

measurement iroc

circuitry. Any
in utilization clrouitry 350

outpulb interference mitig

impleme signal

Qi

clrcuitry in e

utilization ci

processed by signal demodula
utilizaticon circud .

[0039] Synchroni ci
components to ensure receivi

W

&)

s ynch th transm

interf

(FIG.

circuitry

erence Utiliza

tion

estimati cire

channel

@]

100

uitry

2 oi

ot

mate assoclated with

=y
<

&)

S5

1y, signal dulation

and/or radic

of the circuitries included

may be coupled in parallel
For example, each component

may receive the signal
ation circuitry 240. In some
tout by channel estimation

5

AV4

cultry 350 may

o))

tion

ey
-

\
4
[

uitry

rouitry may include
ing device 120 remains in

In some
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implementations, the synchronizaticn clrcuitry may

utilize information contained in the pilot signal to

maintain synchronization between recelving device 120 and
transmission source 110. Radioc measurement circuitry may
include any suitable component for measuring signal-to-

nolse ratic or power ratio in recelived signal 150,

(00407 FIG. 4 illustrates a process 400 for mitigating
known interference with a receliving device in accordance
with an embodiment of the present disclosure At 410C, a
signal affected by an interference source is received

from & base station. For example, signal 150 may be

[57]

received from transmission source 110. Signal 150 may be
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the base station and/or a second pilot signal assoclated

with the interfering source are delermined. In some
implementations, where Joint channel estimate and

interference mitigation is not used, only a pilot signal

associated with the interfe

source may be determined
instead of determining pilot signals for both the base

station and the interfering source. The first piliot

signal includes information broadcast from the base
station and the second pilot signal includes information

brocadcast from the interference source For example,
pilot signal determination circuityry 310 may compute
pillct signals asscclated with transmission source 110
and/or interference source 130 (e.g., in accordance with
the FIG. 2 technigues). In some implementations, where

Joint channel estimate and interference mitigaticn 1s not
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used, conly a pilot signal ass

[

be computed by pilot signal determination

i
N
9]
et
ot
-
9]
IO
{u
e

clrcuitry 310,

[0042] At

Ay

430, interference caused by U

)

T

source ig mitigated from the received signal
first pilot signal and/or the second pilot signal. For
example, interference mitigation circuitry 340 may

remove, suppress or mitlgate interference using the pilot

signals associated with transmissgsion scurce 110 and/or
interference source 130. In some enbodiments,

interference may be removed or mitigated in accordance

with eguation (2.

[0043] It should be understood that the

! -
nethods and

ey

= P ] 34 £ I S ey 1 PN 3 v b oy e oy e \ o O e
c:L_:’_OpfSLIC.LLll:) discussed for mitidating Known interrerence 1S

described for the case of one interfering

methods and apparatus are egually applic
number of interfering sources. Known interference from

more than ¢ne interfering scurces may be mitigated
ointly or successively. In some inplementabion, known

+ Fagitd

interference from a first interfering source may be

nitigated at a time, and known interference from a second
interfering source may be mitigated successively. In
gome implementation, known interference from more than
one interfering sources may be Jjointly mitigated at the
game Lime. Alternatively or in addition, the Joint and
successive known interference mitigation can be combined

by grouping the interference scurces and mif

())

¢t
s
te}
o
-1
3
e}
7
3
g
55

Lol

interference from the groups. Each group may be agsumed

to ke an interfering source, and known interference
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mitigation may be appiied in a joilnt or succ

w
0

sive
fashion among groups, and within each groups among
interfering scources as well.

[0044] The foregoing describes methods and apparatus

for mitigati known interference. The above desaribed

pr}

embodiments of the present disclosure are presented for

j—

the purposes of iliustration and not ¢f limitation.
Furthermore, the preseni disclosure is not limited to a
particular impliementation. For example, c¢ne or mors

steps of methods described above may

different order {(or concurrently) and hieve

4

desirable results. In addition, the e may be
implemented in hardware, such as on an application

gpecific integrated circuit (ASIC) or on a fielid-

a1
-
&}
O

ogrammable gate array (FPGA). The disclosure may

emented in software.
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What is Claimed i=z:

. A method for mitigating known interference

Jat

w
ot
w

recelving device, the method comprising:

receivi a signal from a transmission

,§

gsource that is affected by an interference source;
determining at least one of 1) a first
rilot signal associated with the Lransmission sourcs,
and ii) a second pilot signal associated with the
interfering source, wherein the first pilot signal

inciudes information broadcast from the transmission

source and the second pilot signal includes information
broadcast from the interference source:
mitigating interference caused by the

interference source from the recelved signal using at

les one of i) the first pilot signal and ii) the second

pilot signal.

2. The method ¢f c¢laim 1, wherein the
mitigating interference generatesz an interference
mitigated received signal, and wherein the method further

comprises processing the interference mitigated recelived

signal to generate at least one of a channel estimate
associated with the transmission source, synchronization
with the transmission source, decoded data received from
the transmission source, and a signal guality indicator

for the received signal.
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3. The method of claim 1, whereln mitigating

interference

applying the channel estimate to the

received signal to mitigate the interference.

4, The method of claim 3, wherein applving
the channel estimate comprises combining the channel
cstimate with the received signal to generate an
interference whitened received signal.

5. The method of claim 3, whereln applying

the channel estimate comprises subtracting the received

‘ering signals the receilved signal to cancel

h

the interference from the received signal.

Jenerating,

mitigated received
signal, at least one of a channel estimate associated

A-h

with the transmission source, synchronization assoclated

with the transmission source, decoded data received from

PR - = it e e o . PR ., o o7 . -1 3 ~
the transmission source, and a signal guality indicato:

assocliated with the received signal.
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determining whether to continue mitigating

vased on

-
D
i
s
@]
D
193]
o
9
;
o
~
o
2
®

interference caused by the interferen

ceeds a threshold value.

whether the guality metric

0. The method of claim 1, wherein determining

the second

e

ilot signal comprises at least one of:
scanning neighboring transmission scurces to
receive the second pilot signal;
receiving assistance data from at least one of
the transmission source and the interference szource; and
receiving the second pilcot signals from the
interference source after scme other pilot signals become

avallable from the interference source.

. A system for mitigating known
at a regeiving device, the sysitem comprisging:

control circultry configured to

al from a transmission

determine at least one of 1) a first pilot

signal asscociated with the transmission source and 11

gecond pillot signal associated with the interfering

gource, wherein the first pilot signal incliudes

information broadcast from the transmizsicon source and

L

the second pilot signal includes information broadcast

from the interference scource, and

interference source from the received signal using at
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control ci

aceived

further
recelived
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associlaced

circuitry is
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clrcuitry 1s
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first pileot signal and 11) the second

claim 11, wherein the

1 T L otro N
12. The system i

.rcuitry generates an int terference mitigate

= e

control circuitry

al, and wherein the cont is

)

.
+
!

the interference mitigated

nfigu

generate at least cne of a channe

with the base station,

ation with the transmission source,

transmiss

the

13. The of ¢laim 11, whevein the

system
further configured to:

a channel estimate asscociated with the

based

the channel estimate

13, wherein the

further configured Lo combine the

received signal to generate an
whitened received signal.
15. The sysgstem o©f claim 13, whereln the
rouitry is further confilgured to subtrach the
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received interfering signals

cancel the interference from the recelved s
16. The system of claim 11, whery

control clreouitry is further configured to

independently of an interference mitigated

U,

PCT/US2012/063557

lgnal.

eln the
generate,

recaeived

signal, at least one of a channel estimate associated
with the fLransmission source, synchronization associate
with the transmission source, decoded data received from
the transmission source, and a signal quality indicator
assccliated with the received signal.

17. The system of claim 11, wherein the

b}

N T
Lolsa

irther

I

circuitry Lo

R

-

contro figured

n Wit

WL

accordance ke

8 (T}} = Arg max
sy{i)et

where yi{i) is the received s

the izai

channe

mitigate

ignal,

(1)

associated with the transmission source, S
is a transmitted signal from the transmisszion source,
sz(i} 1s a transmitted signal from the interference
gource, T iz a time/frequency, and i is a time/frequency
index

i8. The system of claim 11, wherein the
informaticn broadcast from at least one of the
transmissicon source and the interference source includes
at least cne of synchronization signals, system
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_28_
infoermaticon, control information, cell-zpecific reference

—

SCH

T

signals, Physical Broadcast Channel (P information,

i

Physical Control Format Indicator Channel information

.l

(PCFICH), Physical Downlink Shared Channel information

{(PD3CH), and hysical Downlink Control Channel information

a4
}
L

19. The system of claim 11, wherein the

control circuitry is further configured tfo:

measure a quality metric of at least one ¢f the
first pilot signal and the second pilot signal: and

determine whether to continue mitigating

interference caused by the interference source based on

the gquality metric exceeds a threshold valiue
A A

23. The svstem of claim 11, wherein the
4 7
control circuiltry is further configured to determine the

second pilot signal by at least one

scanning neighboring transmission sources Lo

Q)

receive the second pilot signal;
receiving assistance data from at least one of
the transmission source and the interference source; and
receiving the second pilot signals from the
interference source after some other pilot signals become

available from the interference source
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