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LTE USER PRESENCE DETECTION FOR
SMALL CELL PLACEMENT

BACKGROUND

[0001] To meet the demands of ever growing data traffic
over communication networks, operators augment macro cell
base stations by placing metro cell base stations at strategic
locations. However, installing a metro cell base station at a
location randomly or without having sufficient information
on the benefits of installing the metro cell base station at such
location may provide sub-optimal benefits from such instal-
lation. For example, if the User Equipment (UE) density in
that location turns out to be low, then the benefits of the metro
cell base station will also be low. Furthermore, incurring costs
associated with installing a metro cell base station at a sub-
optimal location prior to realizing the insufficiencies of hav-
ing the metro cell base station at the sub-optimal location does
not make sound financial sense for a network operator.

[0002] Existing solutions for determining whether a par-
ticular target location may be suitable for installing a metro
cell base station use triangulation of mobile devices and mea-
surement reports recorded at a Radio Network Controller of a
network. Several different geo-location techniques such as
Time Difference of Arrival (TDOA) and enhanced Cell ID
(ECID) are used to locate the mobile devices. However, these
techniques lack the accuracy necessary to identify the appro-
priate metro cell base station locations due to geo-location
errors. This inaccuracy has been shown in field trials of such
method, where metro cell base stations do not perform well
(e.g., have insufficient traffic) when placement is chosen
based on such techniques.

[0003] Whatis lacking currently is the ability for a network
operator to obtain accurate information on the benefits of
placing a metro cell base station at a proposed location prior
to actual installation of a metro cell base station.

SUMMARY

[0004] Example embodiments relate to methods and an
apparatuses for using a monitoring device such as Long Term
Evolution (LTE) radio frequency (RF) sniffer, which may be
placed at a target location and passively monitor a control
channel such as a LTE Sounding Reference Signal (SRS)
between the macro cell base station and nearby users. The
monitoring device may provide statistics on the number of
users within a range of the monitoring device, the amount of
data activity by each one of the users in the range and an
amount of interference from the macro cell base station at the
location of the monitoring device. Analysis of such statistics
may provide more accurate information regarding the suit-
ability of a target location for installing a metro cell base
station.

[0005] In one example embodiment, a method for deter-
mining a target location for a metro cell base station includes
calculating, via at least one monitoring device, at least one of
anumber of user equipments within a range of the at least one
monitoring device and a radio frequency (RF) power level of
at least one macro cell base station. The method further
includes determining, via the at least one monitoring device,
the target location for the metro cell base station based on at
least one of the calculated number of user equipments within
the range and the calculated RF level of the at least one macro
cell base station.
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[0006] In yet another example embodiment, the method
further includes calculating an amount of data activity asso-
ciated with each one of the user equipments within the range,
wherein the determining the target location is further based on
the calculated amount of data activity.

[0007] In yet another example embodiment, the method
further includes monitoring, via the at least one monitoring
device, data associated with at least one control channel
between a plurality of user equipments and the at least one
macro cell base station. The number of user equipments, the
amount of data activity and the RF level are calculated based
on the monitored data.

[0008] In yet another example embodiment, the method
includes calculating the number of user equipments within
the range of the monitoring device by calculating a power
level of a user equipment from among the plurality of user
equipments monitored by the at least one monitoring device,
comparing the power level with a power threshold of the at
least one monitoring device, and determining whether the
user equipment is within the range based on the comparing of
the power level of the user equipment with the power thresh-
old.

[0009] In yet another example embodiment, the method
includes calculating the amount of data activity by determin-
ing a correlation between the monitored data and a measure-
ment record for each connection established between each
one of the user equipments and the at least one macro cell base
station, the correlation being based on at least one of an SRS
offset, the power level and a time at which the power level is
calculated.

[0010] In yet another example embodiment, the method
includes comparing the calculated number of user equip-
ments with a first threshold, comparing the amount of data
activity with a second threshold and comparing the calculated
RF level with a third threshold, the third threshold being
determined such that if the metro cell base station is placed at
the target location, no substantial signal interference from the
at least one macro cell base station will be experienced by the
metro cell base station. Furthermore, the determining of the
target location for the metro cell base station is based upon the
comparing of the calculated number of user equipments with
the first threshold, the comparing of the amount of data activ-
ity with a second threshold and the comparing of the calcu-
lated RF level with the third threshold.

[0011] In yet another example embodiment, the method
includes triangulating the target location based on the com-
paring and a correlation of additional monitored data and
additional comparisons received from an additional monitor-
ing device.

[0012] In another example embodiment, a monitoring
device for determining a target location for a metro cell base
station includes a processor configured to calculate at least
one of a number of user equipments within a range of the
monitoring device and a radio frequency (RF) level of at least
one macro cell base station. The processor is further config-
ured to determine the target location for the metro cell base
station based on at least one of the calculated number of user
equipments within the range and the calculated RF level of
the at least one macro cell base station.

[0013] In yet another example embodiment, the processor
is further configured to calculate an amount of data activity
associated with each one of the user equipments within the
range, wherein the processor further determines the target
location based on the calculated amount of data activity.
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[0014] In yet another example embodiment, the processor
is further configured to monitor data associated with at least
one control channel between a plurality of user equipments
and the at least one macro cell base station. The processor
calculates the number of user equipments, the amount of data
activity and the RF level based on the monitored data.
[0015] In yet another example embodiment, the processor
is further configured to monitor data associated with at least
one control channel between a plurality of user equipments
and the at least one macro cell base station. The processor
calculates the number of user equipments, the amount of data
activity and the RF level based on the monitored data.
[0016] In yet another example embodiment, the processor
is further configured to calculate the number of user equip-
ments by calculating a power level of a user equipment from
among the plurality of user equipments monitored by the
monitoring device, comparing the power level with a power
threshold of the monitoring device, and determine whether
the user equipment is within the range based on comparing
the power level of the user equipment with the power thresh-
old.

[0017] In yet another example embodiment, the processor
is further configured to calculate the amount of data activity
by determining a correlation between the monitored data and
a measurement record for each connection established
between the user equipment and the at least one macro cell
base station, the correlation being based on an SRS offset, the
power level and a time at which the power level is calculated.
[0018] In yet another example embodiment, the processor
is further configured to compare the calculated number of
user equipments with a first threshold, compare the calculated
amount of data activity with a second threshold and the cal-
culated RF level with a third threshold, the third threshold
being determined such that if the metro cell base station is
placed at the target location, no substantial signal interference
from the at least one macro cell base station will be experi-
enced by the metro cell base station. The processor deter-
mines the target location for the metro cell base station based
on the comparing of the number of user equipments with the
first threshold, the comparing of the calculated amount of data
activity with the second threshold and the comparing of the
RF level with the third threshold.

[0019] In yet another example embodiment, upon placing
an additional monitoring device at an additional location, the
processor determines the target location by triangulating the
target location based on the comparing and a correlation of
additional monitored data and additional comparisons
received from an additional monitoring device.

[0020] Inyet another example embodiment, the additional
monitored data includes at least one of an amount of data
activity of each of a plurality of user equipments within a
range of the additional monitoring device, the RF level of the
macro cell base station at the additional monitoring device
and data associated with at least one control channel between
the plurality of user equipments and the at least one macro cell
base station. Furthermore, the additional comparisons
include at least one of a comparison between the number of
user equipment within the range of the additional monitoring
device and the first threshold, a comparison between the
amount of data activity associated with each one of the num-
ber of user equipment within the range of the additional
monitoring device, and a comparison between the RF level of
the at least one macro cell base station at the additional
monitoring device and the third threshold.

Sep. 18,2014

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Example embodiments will become more fully
understood from the detailed description given herein below
and the accompanying drawings, wherein like elements are
represented by like reference numerals, which are given by
way of illustration only and thus are not limiting of the present
disclosure, and wherein:

[0022] FIG. 1 illustrates a communication system accord-
ing to an example embodiment;

[0023] FIG. 2 illustrates the components of a monitoring
device according to an example embodiment;

[0024] FIG. 3 is a flow chart describing a process for deter-
mining a target location for installing a metro cell base sta-
tion, according to an example embodiment;

[0025] FIG. 4 is a flow chart describing a process for deter-
mining the number of UEs within a range of a monitoring
device, according to an example embodiment; and

[0026] FIG. 5 illustrates an example embodiment in which
multiple monitoring devices are placed at multiple target
locations within a communication system.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0027] Various embodiments will now be described more
fully with reference to the accompanying drawings. Like
elements on the drawings are labeled by like reference numer-
als.

[0028] Detailed illustrative embodiments are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing example embodiments. This invention may, how-
ever, be embodied in many alternate forms and should not be
construed as limited to only the embodiments set forth herein.
[0029] Accordingly, while example embodiments are
capable of various modifications and alternative forms, the
embodiments are shown by way of example in the drawings
and will be described herein in detail. It should be understood,
however, that there is no intent to limit example embodiments
to the particular forms disclosed. On the contrary, example
embodiments are to cover all modifications, equivalents, and
alternatives falling within the scope of this disclosure. Like
numbers refer to like elements throughout the description of
the figures.

[0030] Although the terms first, second, etc. may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are only used to
distinguish one element from another. For example, a first
element could be termed a second element, and similarly, a
second element could be termed a first element, without
departing from the scope of this disclosure. As used herein,
the term “and/or,” includes any and all combinations of one or
more of the associated listed items.

[0031] When an element is referred to as being “con-
nected,” or “coupled,” to another element, it can be directly
connected or coupled to the other element or intervening
elements may be present. By contrast, when an element is
referred to as being “directly connected,” or “directly
coupled,” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between,” versus “directly between,” “adjacent,” versus
“directly adjacent,” etc.).
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[0032] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. As used herein, the singular forms “a”, “an”, and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises”, “comprising,”,
“includes” and/or “including”, when used herein, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0033] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures shown
in succession may in fact be executed substantially concur-
rently or may sometimes be executed in the reverse order,
depending upon the functionality/acts involved.

[0034] Specific details are provided in the following
description to provide a thorough understanding of example
embodiments. However, it will be understood by one of ordi-
nary skill in the art that example embodiments may be prac-
ticed without these specific details. For example, systems
may be shown in block diagrams so as not to obscure the
example embodiments in unnecessary detail. In other
instances, well-known processes, structures and techniques
may be shown without unnecessary detail in order to avoid
obscuring example embodiments.

[0035] In the following description, illustrative embodi-
ments will be described with reference to acts and symbolic
representations of operations (e.g., in the form of flow charts,
flow diagrams, data flow diagrams, structure diagrams, block
diagrams, etc.) that may be implemented as program modules
or functional processes include routines, programs, objects,
components, data structures, etc., that perform particular
tasks or implement particular abstract data types and may be
implemented using existing hardware at existing network
elements. Such existing hardware may include one or more
Central Processing Units (CPUs), digital signal processors
(DSPs), application-specific-integrated-circuits, field pro-
grammable gate arrays (FPGAs), computers or the like.
[0036] Although a flow chart may describe the operations
as a sequential process, many of the operations may be per-
formed in parallel, concurrently or simultaneously. In addi-
tion, the order of the operations may be re-arranged. A pro-
cess may be terminated when its operations are completed,
but may also have additional steps not included in the figure.
A process may correspond to a method, function, procedure,
subroutine, subprogram, etc. When a process corresponds to
a function, its termination may correspond to a return of the
function to the calling function or the main function.

[0037] As disclosed herein, the term “storage medium” or
“computer readable storage medium” may represent one or
more devices for storing data, including read only memory
(ROM), random access memory (RAM), magnetic RAM,
core memory, magnetic disk storage mediums, optical stor-
age mediums, flash memory devices and/or other tangible
machine readable mediums for storing information. The term
“computer-readable medium” may include, but is not limited
to, portable or fixed storage devices, optical storage devices,
and various other mediums capable of storing, containing or
carrying instruction(s) and/or data.

[0038] Furthermore, example embodiments may be imple-
mented by hardware, software, firmware, middleware, micro-
code, hardware description languages, or any combination
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thereof. When implemented in software, firmware, middle-
ware, or microcode, the program code or code segments to
perform the necessary tasks may be stored in a machine or
computer readable medium such as a computer readable stor-
age medium. When implemented in software, a processor or
processors will perform the necessary tasks.

[0039] A code segment may represent a procedure, func-
tion, subprogram, program, routine, subroutine, module,
software package, class, or any combination of instructions,
data structures or program statements. A code segment may
be coupled to another code segment or a hardware circuit by
passing and/or receiving information, data, arguments,
parameters or memory contents. Information, arguments,
parameters, data, etc. may be passed, forwarded, or transmit-
ted via any suitable means including memory sharing, mes-
sage passing, token passing, network transmission, etc.
[0040] Example embodiments may be utilized in conjunc-
tion with RANSs such as: Universal Mobile Telecommunica-
tions System (UMTS); Global System for Mobile communi-
cations (GSM); Advance Mobile Phone Service (AMPS)
system; the Narrowband AMPS system (VAMPS); the Total
Access Communications System (TACS); the Personal Digi-
tal Cellular (PDC) system; the United States Digital Cellular
(USDC) system; the code division multiple access (CDMA)
system described in EIA/TIA IS-95; a High Rate Packet Data
(HRPD) system, Worldwide Interoperability for Microwave
Access (WiMAX); Ultra Mobile Broadband (UMB); and 3¢
Generation Partnership Project LTE (3GPP LTE).

[0041] FIG. 1 illustrates a communication system accord-
ing to an example embodiment. FIG. 1 depicts a communi-
cation system 100 that includes a macro cell base station 101
and a plurality of user equipments 102. The macro cell base
station 101 corresponds to the technology based on which the
communication system 100 may operate. For example, the
macro cell base station 101 may be any one of, but not limited
to, an LTE evolved NodeB (e-NodeB) controller in an LTE
network, a base station in a GSM network, etc. The user
equipments 102 may be any device capable of establishing a
communication with the macro cell base station 101 includ-
ing, but not limited to, a cellular telephone, a PDA, a laptop,
a tablet computer, etc. A monitoring device such as an LTE
radio frequency (RF) sniffer 103, which will be described
below in relation to FIG. 2, may be placed at a target location
104 within the coverage area 105 of the communication sys-
tem 100. As will be further explained in relation to FIG. 3, the
sniffer 103 may be placed at or near the border of the coverage
area 105, where the sniffer 103 is able to detect and monitor
control channel information of multiple neighboring macro
cell base stations.

[0042] FIG. 2 illustrates the components of a monitoring
device according to an example embodiment. The RF Sniffer
203 includes a receiver 210 via which it may receive configu-
ration data, signals from a network operator at a remote loca-
tion and/or signals from other RF sniffers that may existinthe
vicinity of the RF sniffer 203. The receiver 210 includes a first
component for receiving DL signals from the macro cell base
station and a second component for receiving UL signals
from a UE communicating with the macro cell base station.
The receiver 210 may further include a third component for
receiving communication signals transmitted based on IEEE
802.11 standards. The third component additionally has a
transmitter for transmitting communication signals based on
IEEE 802.11 standards. The transmitter enables the RF
sniffer 203 to receive and/or transmit configuration data sig-
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nals and/or signals from other RF sniffers over IEEE 802.11
communication links via surrounding IEEE 802.11 hotspots
[0043] The sniffer 203 further includes a memory 211 on
which various types of data monitored by the sniffer 203 may
be stored. The memory 211 may be any one of, but not limited
to, a volatile memory such as a static random access memory
(SRAM), a dynamic random access memory (DRAM), a
flash memory, a non-volatile memory such as a magnetic
storage device including a hard disk, a floppy disk, an optical
disc, etc. Sniffer 203 includes a battery 213. The battery 213
may be any type of battery for enabling a device to operate for
a period of time without a power connection to an AC power
source. The battery 213 may be any one of, but not limited to,
a rechargeable battery such as a lead-acid battery, a lithium-
ion battery, a nickel-zinc battery, a primary cell battery such
as an alkaline battery, a dry cell battery, a lithium battery, etc.
[0044] The sniffer 203 further includes a processor 212 for
carrying out a process such as the process described below in
relation to FIG. 3, for monitoring data and determining suit-
ability of a target location for placement of a metro cell base
station. The RF sniffer 203 may be configured by an operator
s0 as to be capable of being at the target location for a certain
period of time ranging from a few days to a few weeks. This
range of time varies depending on various factors including,
but not limited to, a frequency of monitoring data, battery
capacity, transmission capability, etc.

[0045] As explained above, the RF sniffer 203 may include
a transmitter that, at a minimum, communicates with the
operator at a remote location and/or other sniffers located
nearby. In an example embodiment, the monitored data may
not be stored on the memory 211 of the RF sniffer 203, but
rather be communicated to the remote location for storage in
a database and/or analysis by a network operator. Further-
more, as will be described below in relation to FIG. 3, in case
of having more than one sniffer, a triangulation may be per-
formed to determine the target location. Accordingly, each
sniffer communicates its data and observations to every other
sniffer and the processor of each RF sniffer may perform the
triangulation. Alternatively, the process of triangulation may
also be carried out on a central processor at a remote location.
[0046] FIG. 3 is a flow chart describing a process for deter-
mining a target location for installing a metro cell base sta-
tion, according to an example embodiment. A network opera-
tor of a communication system such as the communication
system 100 of FIG. 1 chooses a target location such as target
location 104 of FIG. 1, for placing a monitoring device such
as the RF sniffer 103 of FIG. 1 (8320). The RF sniffer may be
equipped with software algorithms based on which possible
target location(s) for placing the RF sniffer is determined. The
RF sniffer may further choose one of the target locations for
placing the RF sniffer and/or subsequently allow the network
operator to make the final decision on the target location. The
software may take into account past target locations including
the accuracy and suitability of past chosen target locations,
etc. Alternatively, the network operator chooses the target
location at random, based on results of empirical studies, past
experiences etc.

[0047] Once the target location is chosen, the network
operator and/or the technician in charge of installing the
sniffer places the RF sniffer at the target location (S321). The
network operator and/or technician may, for example, be
given a global positioning system (GPS) coordination of the
target location including the target location’s latitude and
longitude. The network operator uses such coordination to
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locate the target location and place the RF sniffer at the target
location. Thereafter, the network operator configures the RF
sniffer to start monitoring a certain type of data.

[0048] The RF sniffer, via a processor such as processor
212 of FIG. 2, monitors designated data (S322). As explained
above, the processor stores the monitored data, such as the
SRS information, onto a memory/storage medium such as
memory 211 of FIG. 2 (S323).

[0049] For purposes of monitoring, the processor may
monitor, for example, a LTE air interface’s uplink (UL) chan-
nel for the SRS. A LTE wireless network uses Orthogonal
Frequency Division Multiple Access (OFDMA) and Single
Carrier FDMA (SC-FDMA) schemes for communication on
downlink (DL) and uplink (UL) channels. The SRS is an UL
reference signal defined in support of, for example, frequency
dependent scheduling, link adaptation, power control and UL
synchronization maintenance, all of which may be handled
above a physical layer of a communication link. The SRS
allows the macro cell base station (e.g., e-NodeB) to estimate
a UE’s radio channel information including, but not limited
to, channel and channel gain estimates across the communi-
cation system’s bandwidth, channel noise variance as well as
timing and frequency offsets. The SRS is transmitted by a UE
to an e-NodeB using a known sequence. The SRS is transmit-
ted once or periodically based on e-NodeB scheduling.
[0050] If the SRS is transmitted periodically, the UE-spe-
cific periodicity may be any one of, but not limited to, 2/5/
10/20/40/80/160/320 ms as defined in 3GPP TS36.213 sec-
tion 8.2. One particular advantage of utilizing the SRS signal
is that most signals communicated between a given UE and a
macro cell base station are encrypted and thus obtaining
information from such signals require additional decryption
processes. However, SRS signals are not encrypted and thus
the information they contain may be utilized/obtained with-
out any further intermediary encryption/decryption processes
being necessary.

[0051] Thereafter, the processor determines a plurality of
information including, but not limited to, a number of UEs
within a predetermined range of the RF sniffer, an amount of
data activity associated with each UE determined to be within
the range of the RF sniffer and a radio frequency (RF) level of
the macro cell base station at the location of the RF sniffer
(S324). The range may be programmed into the processor and
determined based on empirical studies including, but not
limited to, past observations, studies, etc.

[0052] FIG. 4 is a flow chart describing a process for deter-
mining the number of UEs within a range of a monitoring
device, according to an example embodiment. Determining
the number of UEs within a range of a monitoring device
requires a power level of each UE be calculated. There may be
many known methods for calculating a power level of a UE
including, but not limited to, a time-domain based channel
estimation, which will be described below as an example.
However, such method is not intended to be limiting and thus
the only contemplated method of calculating a power level of
a UE. Other presently known and/or to be developed power
level calculation methods are intended to be within the scope
of the present subject matter. Hereinafter, the time-domain
based channel estimation method is described.

[0053] Each e-NodeB has a unique root sequence, which is
also known as CAZAC root sequence. Such root sequence
may either be manually programmed into the RF sniffer or
may automatically be learned by the RF snitfer through moni-
toring, for example, a System Information Block (SIB),
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which is available on the DL broadcast channel of the
e-NodeB. A processor such as processor 212 of FIG. 2, con-
verts the signal into a frequency-domain sequence upon
detecting a SRS signal, which may contain multiple UE’s
channel information multiplexed together. Such conversion
may be done via any known time-to-frequency domain con-
version techniques such as a Discrete Fourier Transform
(DFT) method. The transformed sequence is multiplied, ele-
ment-wise, by the complex conjugate of the CAZAC root
sequence of the SRS. The resulting sequence contains com-
bined channel impulse responses of the multiplexed UEs. The
resulting sequence is then converted back into the time
domain by performing an inverse frequency-to-time domain
conversion. Such conversion may be done via any known
frequency-to-time domain conversion techniques such as an
Inverse DFT (IDFT). Each UE’s channel impulse response,
converted back into time domain, is then obtained through a
cyclic shift de-multiplexing method. With the channel infor-
mation of each multiplexed channel now de-multiplexed, a
simple conversion back to the frequency domain provides the
power level of each UE (S440).

[0054] Once the power level of each UE is calculated, the
processor compares each UE’s power level with a power
threshold (S441). The power threshold may be determined
based on empirical studies such as past studies, observations,
etc. An operator may statically program the power threshold
into the processor. Alternatively, the RF sniffer may dynami-
cally and through multiple observations learn the power
threshold. If the calculated power level is greater than the
power threshold, the processor determines that the UE is
within the range of the RF sniffer (S442). If, however, the
calculated UE power level is less than the power threshold,
the process determines that the UE is not within the range of
the RF sniffer (S443).

[0055] Inan alternative embodiment, an RF sniffer, such as
RF sniffer 203 of FIG. 2, is located at a target location where
the RF sniffer may be able to detect SRS signals associated
with more than one macro cell base station. For example, the
target location may be at or close to a border between cover-
age areas of two adjacent macro cell base stations, (e.g.,
e-NodeBs). The RF sniffer will be equipped with CAZAC
root sequence of each e-NodeB. The CAZAC root sequences
may either be manually programmed into the RF sniffer or
may automatically be learned by the RF snitfer through moni-
toring, for example, System Information Blocks (SIBs) avail-
able on the DL broadcast channel of each e-NodeB cell.
Thereafter, in the process for determining the power level of
UEs described above, the processor decodes the SRS associ-
ated with each e-NodeB using a root sequence corresponding
to each e-NodeB.

[0056] Referring back to S324 in FIG. 3, the processor
determines an amount of data activity associated with each
UE determined to be within the range of the RF sniffer. Each
macro cell base station (e.g., e-NodeB) records and maintains
aper-call measurement for each UE with which the e-NodeB
communicates. Per-call measurement data is an information
record related to each call established between a UE and the
e-NodeB. The per-call measurement records a series of key
information for network optimization, such as a call type, a
call drop type, power or quality of a received signal, a Signal
to Interference plus Noise Ratio (SINR), block error rate, etc.
As discussed above, the SRS information contains timing and
frequency offsets. The processor may compute a correlation,
using known correlation computation methods, between the
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per-call measurement data, the calculated power level at the
SRS offset and the time of data measurement by the e-NodeB.
Theresulting correlation is indicative of and/or determines an
amount of data activity fix each UE such as data usage,
number of calls made to and from each UE, etc.

[0057] Still referring to S324 in FIG. 3, the processor fur-
ther determines a level of RF signal from the macro cell base
station at the target location where the RF sniffer may be
installed. The processor may determine the level of RF signal
at the RF sniffer by demodulating the SRS of the macro cell
base station in the DL channel for each UE.

[0058] At S325, the processor compares the determined
number of UEs with a first threshold. The first threshold is
indicative of the minimum number of UEs that need to be
within a range of the RF sniffer, in order to be able to conclude
that installing a metro cell base station at the target location
makes financial sense for the network operator and provides
efficient use of the network resources. The first threshold may
be programmed into the RF sniffer by a network operator and
may be determined based on empirical studies such as past
observations, studies, network performances, etc.

[0059] At S326, the processor compares the amount of data
activity for each UE, determined to be within the range of the
RF sniffer, with a second threshold. The second threshold is
indicative of an optimal level of data activity. Data activity of
UEs that are below the second threshold is indicative of
sub-optimal conditions for installing the metro cell base sta-
tion at the target location. The second threshold may be pro-
grammed into the RF sniffer by a network operator or
dynamically learned by the RF sniffer through multiple
observations. The second threshold may be determined based
on empirical studies such as past observations, studies, net-
work performances, etc.

[0060] At S327, the processor compares the RF signal level
of the macro cell base station (e.g., e-NodeB), at the RF
sniffer with a third threshold. The third threshold is indicative
of an RF signal level above which substantial interference
from the macro cell base station will be experienced by the
metro cell base station, if the metro cell base station is
installed at the target location. The third threshold may be
programmed into the RF sniffer by an operator or dynami-
cally learned by the RF sniffer through multiple observations.
The third threshold may be determined based on empirical
studies such as past observations, studies, network perfor-
mances, etc.

[0061] Once the comparisons at S325-S327 are performed,
the processor determines the target location for installing the
metro cell base station using the comparisons (S328). Such
determination may take a tradeoff between the comparisons
into consideration when determining whether the target loca-
tion is an appropriate location for installing the macro cell
base station. There may be scenarios in which the comparison
at S325 may result in a determination that contradicts a deter-
mination based on the comparison at S326. For example,
there may be a situation in which the number of UEs deter-
mined to be within the range of the RF sniffer, is significantly
less than the first threshold, which may be indicative that the
target location is not suitable for installing the metro cell base
station. At the same time, the amount of data activity by the
few UEs, determined to be within the range of the RF sniffer,
may be greater than the second threshold, which may be
indicative of the suitability of the target location for installing
the metro cell base station. However, in reality such location
may not be suitable for installing the metro cell base station
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because of how low the number of determined UEs is.
Another situation may be one in which the number of UEs
determined to be within the range of the RF sniffer, may be
well above the first threshold but the amount of data activity
for each UE is well below the second threshold.

[0062] Therefore, the processor may be equipped with
algorithms that examine a tradeoff between results of com-
parisons at S325-S327 in order to determine the target loca-
tion. Such algorithms for determining a tradeoff may be based
on results of empirical studies carried out by network opera-
tors. For example, network operators may have developed
statistical models that illustrate the results of comparisons
performed for previously installed metro cell base stations
such as the average number of UEs within the range deemed
to be sufficient for determining that the target location is the
appropriate location for installing the macro cell, average
amount of data activity deemed to be sufficient and average
RF level of the macro cell base station deemed acceptable for
determining that the target location is the appropriate location
for installing the macro cell.

[0063] The processor may alternatively provide recom-
mendations to a network operator regarding the possible opti-
mal target locations for installing the metro cell base station,
from which the network operator may choose one. When
determining whether the metro cell base station should be
installed at the target location, the algorithm may take into
consideration past observations such as results from other
metro cell base stations installed at other locations including,
but not limited to, number of UEs communicating with each
of the installed base stations, the amount of data activity for
each of the UEs within the range of the installed base stations,
the macro cell base station’s RF level at each of the installed
base stations, etc. Alternatively, in face of such contradictory
determinations at each step, the processor may alert the
operator to use his or her judgment in making a final decision
as to whether the metro cell base station should be installed at
the target location or not. It is important to note that the target
location determined at S328 may or may not be the same as
the location at which the monitoring device is placed in S321.
[0064] At S329, the processor 212 determines whether
there may be additional RF sniffers at other target locations.
The processor may make such determination by receiving a
signal indicative of the presence of other RF sniffers in its
vicinity and may accordingly transmit a signal to other exist-
ing RF sniffer indicating its own existence. If there are other
RF sniffers at other locations, each existing RF sniffer, upon
performing the process described in S322-S327, will inform
other existing sniffers of their respective findings, including
measurement data and comparisons, with regard to the num-
ber of UEs determined to be within respective range of each
RF sniffer, the amount of data activity for each UE deter-
mined to be within respective range of each RF sniffer, and
the RF signal level from the macro cell base station ateach RF
sniffer (S330), each RF sniffer may communicate a record of
data monitored by each RF sniffer during its operation.
[0065] Thereafter, the processor analyzes its own findings
as well as the data received from other existing RF sniffers
and accordingly determines a target location for installing the
metro cell base station by techniques including, but not lim-
ited to, triangulation (S331). Such determined location may
or may not be the same as the location at which any one of the
existing RF sniffers are installed. In an example embodiment,
the processor performs a triangulation based on its own com-
parisons as well as a correlation of monitored data and com-
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parisons carried out by each of the other existing devices.
Finally, if the processor determines, at S329, that there are no
other RF sniffers present, the process in FIG. 3 ends.
[0066] Inan alternative embodiment, the process described
with respect to FIG. 3, is carried out at a remote processor that
is located at a remote location as opposed to a processor of the
RF sniffer such as the processor 212 of FIG. 2. The RF sniffer,
such as RF sniffer 203, may optionally have a transmitter, as
explained above, for transmitting its respective gathered data
to the processor at the remote location. In an alternative
example embodiment, the RF sniffer gathers and stores data
on the RF sniffer’s memory for a period of time ranging from
a few days to a few weeks. Thereafter, the RF sniffer or the
data on the RF sniffer may manually, by an operator or a
technician, be removed from the location at which it was
installed and transferred to the remote location where the data
stored on the memory of the RF sniffer or the data removed
from the RF sniffer may be transtferred to a central computer,
where the processor of the central computer carries out the
process described in FIG. 3.
[0067] FIG. 5 illustrates an example embodiment in which
multiple monitoring devices are placed at multiple target
locations within a communication system. Communication
system 500 includes a macro cell base station 501 and a
plurality of UEs 502. The macro cell base station 501 corre-
sponds to the technology based on which the communication
system 500 may operate. For example, the macro cell base
station 501 may be any one of, but not limited to, an LTE
evolved NodeB (e-NodeB) controller in an LTE network, a
base station in a GSM network, etc. The UEs 502 may be any
device capable of establishing a communication with the
macro cell base station 501 including, but not limited to, a
cellular telephone, a PDA, a laptop, a tablet computer, etc.
Multiple monitoring devices such as LTE RF sniffers 503,
each of which is described above in relation to FIG. 2, is
placed at multiple target location 504 within the coverage
area 505 of the communication system 500. As explained
above in relation to FIG. 3, the sniffers 503 may be placed at
or near the border of the coverage area 505, where the sniffer
503 may be able to detect and monitor control channel infor-
mation of multiple neighboring macro cell base stations.
Within the setting of FIG. 5, a triangulation may be per-
formed, as explained above, in order to determine the target
location for installing the metro cell base station.
[0068] While example embodiments have been described
with reference to LTE based communication systems, devel-
oping similar methods and systems compatible for other
types of communication systems (e.g., 2 GSM communica-
tion system) are intended to be within the scope of the present
subject disclosure.
[0069] Variations of the example embodiments are notto be
regarded as a departure from the spirit and scope of the
example embodiments, and all such variations as would be
apparent to one skilled in the art are intended to be included
within the scope of this disclosure.
What is claimed:
1. A method for determining a target location for a metro
cell base station comprising:
calculating, via at least one monitoring device, at least one
of a number of user equipments within a range of the at
least one monitoring device and a radio frequency (RF)
level of at least one macro cell base station; and
determining, via the at least one monitoring device, the
target location for the metro cell base station based on at
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least one of the calculated number of user equipments
within the range and the calculated RF level of the at
least one macro cell base station.

2. The method of claim 1, further comprising:

calculating an amount of data activity associated with each

one of the user equipments within the range, wherein
the determining the target location is further based on the
calculated amount of data activity.

3. The method of claim 2, further comprising:

monitoring, via the at least one monitoring device, data

associated with at least one control channel between a
plurality of user equipments and the at least one macro
cell base station; and wherein

the number of user equipments, the amount of data activity

and the RF level are calculated based on the monitored
data.

4. The method of claim 3, wherein the at least one control
channel is an uplink Sounding Reference Signal (SRS) chan-
nel.

5. The method of claim 4, wherein the determining
includes:

decoding the SRS channel using a root sequence of the at

least one macro cell base station.

6. The method of claim 4, wherein the calculating the
number of user equipments within the range of the at least one
monitoring device includes:

calculating a power level of a user equipment from among

the plurality of user equipments monitored by the at least
one monitoring device;

comparing the power level with a power threshold of the at

least one monitoring device; and

determining whether the user equipment is within the

range based on the comparing of the power level of the
user equipment with the power threshold.

7. The method of claim 6, wherein the user equipment is
determined to be within the range if the power level of the user
equipment is greater than the power threshold.

8. The method of claim 4, wherein the calculating the
amount of data activity includes:

determining a correlation between the monitored data and

a measurement record for each connection established
between each one of the user equipments and the at least
one macro cell base station, the correlation being based
on at least one of an SRS offset, the power level and a
time at which the power level is calculated.

9. The method of claim 2, further comprising:

comparing the calculated number of user equipments with

a first threshold;

comparing the amount of data activity with a second

threshold; and

comparing the calculated RF level with a third threshold,

the third threshold being determined such that if the
metro cell base station is placed at the target location, no
substantial signal interference from the at least one
macro cell base station will be experienced by the metro
cell base station, and wherein

the determining the target location for the metro cell base

station is based on the comparing of the calculated num-
ber of user equipments with the first threshold, the com-
paring of the amount of data activity with a second
threshold and the comparing of the calculated RF level
with the third threshold.

10. The method of claim 9, wherein the determining
includes:
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triangulating the target location based on the comparing
and a correlation of additional monitored data and addi-
tional comparisons received from an additional moni-
toring device.

11. The method of claim 10, wherein

the additional monitored data includes at least one of an

amount of data activity of each of a plurality of user
equipments within a range of the additional monitoring
device, the RF level of the macro cell base station at the
additional monitoring device and data associated with at
least one control channel between the plurality of user
equipments and the at least one macro cell base station;
and

the additional comparisons include at least one of a com-

parison between the number of user equipment within
the range of the additional monitoring device and the
first threshold, a comparison between the amount of data
activity associated with each one of the number of user
equipment within the range of the additional monitoring
device and a comparison between the RF level of the at
least one macro cell base station at the additional moni-
toring device and the third threshold.

12. A monitoring device for determining a target location
for a metro cell base station comprising:

a processor configured to,

calculate at least one of a number of user equipments
within a range of the monitoring device and a radio
frequency (RF) level of at least one macro cell base
station; and

determine the target location for the metro cell base
station based on at least one of the calculated number
of user equipments within the range and the calcu-
lated RF level of the at least one macro cell base
station.

13. The monitoring device of claim 12, wherein the pro-
cessor is further configured to:

calculate an amount of data activity associated with each

one of the user equipments within the range, wherein
the processor further determines the target location based
on the calculated amount of data activity.

14. The monitoring device of claim 13, wherein the pro-
cessor is further configured to monitor data associated with at
least one control channel between a plurality of user equip-
ments and the at least one macro cell base station; and
wherein

the processor calculates the number of user equipments,

the amount of data activity and the RF level based on the
monitored data.

15. The monitoring device of claim 14, wherein the at least
one control channel is an uplink Sounding Reference Signal
(SRS).

16. The monitoring device of claim 15, wherein the pro-
cessor is configured to determine the target location by decod-
ing the SRS channel using a root sequence of the at least one
macro cell base station.

17. The monitoring device of claim 15, wherein the pro-
cessor is configured to calculate the number of user equip-
ments by:

calculating a power level of a user equipment from among

the plurality of user equipments monitored by the moni-
toring device;

comparing the power level with a power threshold of the

monitoring device; and
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determine whether the user equipment is within the range
based on comparing the power level of the user equip-
ment with the power threshold.

18. The monitoring device of claim 17, wherein the pro-
cessor is configured to determine the user equipment to be
within the range upon determining that the power level of the
user equipment is greater than the power threshold.

19. The monitoring device of claim 15, wherein the pro-
cessor is further configured to calculate the amount of data
activity by determining a correlation between the monitored
data and a measurement record for each connection estab-
lished between the user equipment and the at least one macro
cell base station, the correlation being based on an SRS offset,
the power level and a time at which the power level is calcu-
lated.

20. The monitoring device of claim 13, wherein the pro-
cessor is further configured to:

compare the calculated number of user equipments with a
first threshold;

compare the calculated amount of data activity with a
second threshold; and

compare the calculated RF level with a third threshold, the
third threshold being determined such that if the metro
cell base station is placed at the target location, no sub-
stantial signal interference from the at least one macro
cell base station will be experienced by the metro cell
base station; and wherein
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the processor determines the target location for the metro
cell base station based on the comparing of the number
of user equipments with the first threshold, the compar-
ing of the calculated amount of data activity with the
second threshold and the comparing of the RF level with
the third threshold.

21. The monitoring device of claim 20, wherein the pro-
cessor is further configured to determine the target location by
triangulating the target location based on the comparisons
and a correlation of additional monitored data and additional
comparisons received from an additional monitoring device.

22. The monitoring device of claim 21, wherein

the additional monitored data includes at least one of an

amount of data activity of each of a plurality of user
equipments within a range of the additional monitoring
device, the RF level of the macro cell base station at the
additional monitoring device and data associated with at
least one control channel between the plurality of user
equipments and the at least one macro cell base station;
and

the additional comparisons include at least one of a com-

parison between the number of user equipment within
the range of the additional monitoring device and the
first threshold, a comparison between the amount of data
activity associated with each one of the number of user
equipment within the range of the additional monitoring
device, and a comparison between the RF level of the at
least one macro cell base station at the additional moni-
toring device and the third threshold.
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