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MEASUREMENT MANAGEMENT IN
SMALL-CELL SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to U.S. Provisional
Patent Application 61/898,049, filed on Oct. 31, 2013, which
is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure is related generally to mobile-de-
vice network utilization and, more particularly, to a system
and method for enhancing user-device measurement of cell
attributes.

BACKGROUND

Mobile communications devices such as cellphones are
now smaller than anyone could have imagined just ten years
ago. Some of the credit for this diminutive sizing and conve-
nience belongs to the advances that have taken place in bat-
tery technology. However, regardless of battery capacity and
power density, efficient usage of what battery power exists is
also important in allowing device providers to utilize smaller
batteries onboard.

One important consumer of power in any wireless commu-
nication device is the radio-frequency transmitter. Naturally,
the further away the potential recipient of the transmitted
signals is, the more powerful the transmitted signal must be.
In this regard, devices that utilize a cellular communications
network need only communicate with the nearest suitable
cell, and as the device moves, and other cells come into range
and become more suitable, the device may be “handed over”
to another cell to continue communications.

This process generally requires that the device monitor
nearby cells in addition to the cell with which the device is
currently in communication. This current cell, sometimes
referred to as the primary cell, may configure the device to
monitor the other cells, sometimes called neighboring or
secondary cells, in a certain manner. Currently, such configu-
rations entail supplying a list of trigger conditions and
instructing the device to measure the signal characteristics of
the other cells and, when triggered to do so, report those
measurements back to the primary cell.

The present disclosure is directed to a system that may
enhance cell measurement and report triggering. However, it
should be appreciated that any such benefits are not a limita-
tion on the scope of the disclosed principles or of the attached
claims, except to the extent expressly noted in the claims.
Additionally, the discussion of technology in this Back-
ground section is merely reflective of inventor observations or
considerations and is not intended to be admitted or assumed
prior art as to the discussed details. Moreover, the identifica-
tion of the desirability of a certain course of action is the
inventors’ observation, not an art-recognized desirability.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

While the appended claims set forth the features of the
present techniques with particularity, these techniques,
together with their objects and advantages, may be best
understood from the following detailed description taken in
conjunction with the accompanying drawings of which:
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FIG. 1 is a generalized schematic of an example device
with respect to which the presently disclosed innovations may
be implemented;

FIG. 2 is a network schematic showing an environment
within which embodiments of the disclosed principles may be
implemented;

FIG. 3 is a frame and slot diagram showing the timing of
discovery-signal transmission;

FIG. 4 is a network schematic showing a cellular environ-
ment supporting multistate cells within which embodiments
of the disclosed principles may be implemented; and

FIG. 5 is a flowchart showing a process of measurement-
report triggering in accordance with various embodiments of
the disclosed principles.

DETAILED DESCRIPTION

Turning now to a more detailed discussion in conjunction
with the attached figures, techniques of the present disclosure
are illustrated as being implemented in a suitable environ-
ment. The following description is based on embodiments of
the disclosed principles and should not be taken as limiting
the claims with regard to alternative embodiments that are not
explicitly described herein. Thus, for example, while FIG. 1
illustrates an example mobile device with respect to which
embodiments of the disclosed principles may be imple-
mented, it will be appreciated that many other devices such
as, but not limited to, laptop computers, tablet computers,
personal computers, embedded automobile computing sys-
tems, and so on, may also be used.

The schematic diagram of FIG. 1 shows an exemplary
device 110 forming part of an environment within which
aspects of the present disclosure may be implemented. In
particular, the schematic diagram illustrates a user device 110
including several exemplary components. A user device used
in an example of the disclosed principles, e.g., user device
110, may sometimes be referred to as user equipment (“UE”).
It will be appreciated that additional or alternative compo-
nents may be used in a given implementation depending upon
user preference, cost, and other considerations.

In the illustrated embodiment, the components of the user
device 110 include a display screen 120, a measurement
module 130, a processor 140, a memory 150, one or more
input components 160, and one or more output components
170. The input components 160 may include speech- and
text-input facilities, for example, while the output compo-
nents 170 may include visual- and audible-output facilities,
e.g., one or more displays and audio outputs.

The processor 140 may be any of a microprocessor, micro-
computer, application-specific integrated circuit, or the like.
For example, the processor 140 can be implemented by one or
more microprocessors or controllers from any desired family
ormanufacturer. Similarly, the memory 150 may reside on the
same integrated circuit as the processor 140. Additionally or
alternatively, the memory 150 may be accessed via a network,
e.g., via cloud-based storage. The memory 150 may include a
random-access memory and a read-only memory, such as a
hard drive or flash memory.

The information that is stored by the memory 150 can
include program code associated with one or more operating
systems or applications as well as informational data, e.g.,
program parameters, process data, etc. The operating system
and applications are typically implemented via executable
instructions stored in a non-transitory computer-readable
medium (e.g., memory 150) to control basic functions of the
electronic device 110. Such functions may include, for
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example, interaction among various internal components and
storage and retrieval of applications and data to and from the
memory 150.

By way of example, the measurement module 130 may
comprise an instance of code executed by the processor 140
wherein the code has been retrieved from read-only memory
in the memory 150. While running, the code may be stored in
random-access memory of the memory 150, and the proces-
sor may also use the random-access memory to temporarily
hold process parameters and data.

The illustrated device 110 also includes a network interface
module 180 to provide wireless communications to and from
the device 110. The network interface module 180 may
include multiple communications interfaces, e.g., for cellular,
WiFi, broadband and other communications. A power supply
190, such as a battery, is included for providing power to the
device 110 and its components. In an embodiment, all or
some of the internal components communicate with one
another by way of one or more shared or dedicated internal
communication links 195, such as an internal bus.

Further with respect to the applications, these typically
utilize the operating system to provide more specific func-
tionality, such as file-system service and handling of pro-
tected and unprotected data stored in the memory 150.
Although many applications may govern standard or required
functionality of the user device 110, in many cases applica-
tions govern optional or specialized functionality, which can
be provided, in some cases, by third-party vendors unrelated
to the device manufacturer.

Finally, with respect to informational data, e.g., program
parameters and process data, this non-executable information
can be referenced, manipulated, or written by the operating
system or an application. Such informational data can
include, for example, data that are preprogrammed into the
device during manufacture, data that are created by the
device, or any of a variety of types of information that are
uploaded to, downloaded from, or otherwise accessed at serv-
ers or other devices with which the device 110 is in commu-
nication during its ongoing operation.

In an embodiment, the device 110 is programmed such that
the processor 140 and memory 150 interact with the other
components of the device 110 to perform a variety of func-
tions. The processor 140 may include or implement various
modules and execute programs for initiating different activi-
ties such as launching an application, transferring data, and
toggling through various graphical user interface objects
(e.g., toggling through various icons that are linked to execut-
able applications). As noted above, one such module or pro-
gram is the measurement module 130, which will be
explained in greater detailed below.

Turning to FIG. 2, a simplified network schematic is illus-
trated, showing a mobile user device 200 and a cellular envi-
ronment 201 within which the device 200 operates. The illus-
trated environment 201 includes a primary cell 202 as well as
a first secondary or neighbor cell 203 and a second secondary
cell 204. The primary cell 202 is designated as such because
the user device 200 is currently in communication with the
cell 202.

Each cell 202, 203, 204 is generated by a respective cell
node 205, 206, 207 comprising the hardware and software
needed to send and receive wireless communications to and
from a cellular user device and to communicate in turn with a
communication network over which the device user’s mes-
sages are sent and received.

With respect to the secondary cells 203, 204, the user
device 200 may periodically evaluate the signal strength of
these cells as seen at the user device 200 and report the
measured values to the node 205 of the primary cell 202.
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Generally, the node 205 will configure the device 200 as to the
conditions under which to make such measurements by sup-
plying signal strength-based trigger conditions. By compar-
ing the signal strength that the user device 200 experiences
from the primary cell 202 with the signal strength that the user
device 200 experiences from the secondary cells 203, 204, the
node 205 of the primary cell 202 is able to manage the timing
and target of any hand-off operation as the mobile user device
200 moves into another cell.

Within certain protocols, e.g., the Long Term Evolution
(“LTE”) Rell2 protocol for cellular systems and communi-
cations, cells may exist in one of multiple states including an
active state and a dormant state. A discovery channel and
signal may be used to convey the cell mode when a cell can
operate in multiple states. In general, in the dormant state, the
periodicity of periodic non-UE specific transmissions (e.g.,
synchronization signals, transmissions related to system
information) from the cell can be longer (e.g., 1 ms every 100
ms or 5 ms every 1 s) as compared to the periodicity of such
transmissions when the cell is in the active state (e.g., 1 ms
every 5 ms or multiple symbols in every 1 ms subframe).

Enabling a cell to occasionally operate in a dormant state
not only reduces overall energy consumption of the cell but
also reduces overall network interference. The dormant and
active states may be implemented in a number ways. For
example, when operating in dormant state, a cell may peri-
odically transmit a synchronization signal. The cell may also
transmit, at a longer periodicity, a physical broadcast channel
(usually referred to as a discovery channel) that is associated
with the discovery signal. When the cell is in the active state,
it can transmit additional synchronization signals and broad-
cast channels with a shorter periodicity when compared to the
dormant state.

FIG. 3 provides a timing diagram illustrating this
approach. The figure shows multiple radio frames 300, 301,
302, some transmitted when the cell is in an active state (300,
302), and others transmitted when the cell is in a dormant state
(301). In LTE, each radio frame has 10 ms duration and
consists of 20 slots 303 numbered from 0 to 19. In the illus-
trated example, each slot is 0.5 ms. Consecutive slots can be
referred to as subframes (e.g. slot 0, 1 is one subframe, slots
2, 3 another subframe, and so on). The radio frames may be
indexed with a System Frame Number (“SFN”).

In this example, when the cell is in the dormant state, it
transmits a discovery channel 304 in every 15% radio frame
(that is, in radio frames satistying SFN mod 15=0). The
discovery signal 305 may be present in all slots or only a
subset of slots within that radio frame (e.g., slots 0, 1, 9, 10).
The discovery-signal transmissions may be the only periodic
non-UE specific transmissions made by the cell in dormant
state.

When the cell is in the active state, it transmits all the
synchronization signals and broadcast channels required to
support UEs and any required legacy UEs. Therefore, in the
active state, at least the following periodic non-UE specific
transmissions are made by the cell:

Primary Synchronization Signal (“PSS”)in slot Oand 10 of

every radio frame;

Secondary Synchronization Signal (“SSS”) in slot 0 and 10

of every radio frame;

Physical Broadcast Channel carrying MasterInformation-

Block in slot 1 of every radio frame in active state;

Physical Downlink Shared CHannel (“PDSCH”) carrying

SystemInformationBlock1 information in every alter-
nate radio frame (i.e., radio frames satisfying SFN mod
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2=0) and associated Physical Downlink Control CHan-
nel (“PDCCH?”) to indicate the PDSCH resource blocks
(“RBs”;

PDSCH carrying other system information blocks in a
plurality of radio frames conformant with the system
information scheduling mechanisms in LTE Rel8/9/10/
11 and associated PDCCH to indicate the PDSCH RBs;
and

Common Reference Signals (“CRS”) in every slot of every
radio frame except for the second slot in a Multi-Broad-
cast Single-Frequency Network (“MBSFN”) subframe.
(MBSFN subframe information is typically signaled in
SIB2.)

Given the above list, a cell in the active state 302 has at least
one transmission in every subframe, i.e., a periodicity of at
least once every 1 ms. As indicated above, CRS may not be
transmitted in the second slot of some subframes (MBSFN
subframes). In addition to the transmissions in the above list,
the cell can also transmit the discovery signal when in the
active state. If the discovery signal has a structure that is
detectible in fewer slots than the slots required for detecting
PSS/SSS, then the transmission of the discovery signal in the
active state will help in reducing the measurement burden of
UEs making inter-frequency measurements on the cell trans-
mitting the discovery signal.

For example, the first secondary cell 203 can transmit a
discovery signal on a carrier with center frequency f; and with
a periodicity of once every 150 ms. The user device 200
connected to the primary cell 202 operating on a carrier with
center frequency f, can attempt to detect the first secondary
cell 203 by either attempting to detect PSS or SSS on the first
secondary cell 203 or the discovery signal on the first second-
ary cell 203.

In another example implementation, the active-state trans-
missions made by a cell may be similar to the active-state
transmissions described above, except that in the dormant
state 301, the cell transmits other reference signals and chan-
nels in addition to the discovery signal. For example, the
dormant state transmissions by the cell may include:

Reduced-CRS transmissions (i.e., transmission of a pilot
sequence in Sth subframe of every radio frame on
resource elements corresponding to a CRS antenna port;

New broadcast channel transmissions that are associated
with Demodulation reference signals instead of CRS;
and

New control channel transmissions such as a common
search space for Enhanced PDCCH.

Such transmissions can be used by advanced UEs (e.g.,
UEs supporting LTE Rel12) for connecting to and communi-
cating with the cell even when it is in the dormant state. The
energy spent by the cell in the dormant state of this imple-
mentation is higher than the energy spent in the dormant state
of the previously described example. However, when com-
pared to the energy spent in the active state of either, the
energy spent is still lower.

It is possible to use a combination of the foregoing imple-
mentations. For example, a cell may be configured to support
three states including:

an active state (similar to the active state of the first
example implementation);

a semi-dormant state (similar to the dormant state of the
second example implementation); and

a dormant state (similar to the dormant state of the first
example implementation).

In addition to the periodic non-UE specific transmissions

discussed so far, a cell supports event-triggered transmissions
such as Paging indications (when a paging message is
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received from a Public Land Mobile Network associated with
the cell) and Random-Access Procedure (“RACH”) response
transmissions (when a RACH is received from a UE camped
or connected to the cell). In some implementations (e.g., the
second example above) such transmissions can be supported
by the cell in both of the dormant and active states.

In other implementations, the cell may switch from the
dormant state to the active state in response to such events and
make the related transmissions in the active state. In some
other implementations, the cell may remain in the dormant
state for some events and switch to the active state for other
events. For example, a cell may transmit a paging indication
while in the dormant state, and then wait for a RACH trans-
mission in response to the paging indication before switching
to the active state to transmit a RACH response.

As noted above, a user device may be configured by its
primary cell node to measure neighboring cells on a triggered
basis to facilitate a later hand off. This is particularly true with
respect to legacy LTE systems. However, in systems such as
LTE Rell2 compliant systems, wherein cells support two
states (e.g., dormant and active), the continuation by the UE
of measurement via legacy procedures will cause unneces-
sary measurement reports. This is detrimental both to device
performance and to network efficiency.

In an embodiment of the disclosed principles, the measure-
ment triggers for measuring characteristics of non-primary
cells are adapted based on cell state in systems supporting
multistate cells. In particular, the disclosed examples discuss
illustrative mechanisms to optimize the UE measurement
reporting procedure for systems that include multi-state cells.

The simplified network diagram of F1G. 4 shows a cellular
network environment 400 wherein a mobile user device 401 is
in proximity to a number of cells 402, 403, 404, 405, 406
(associated with nodes eNB1, eNB2, eNB3, eNB4, eNBS).
The shorthand “eNB” refers to “evolved Node B,” meaning
an LTE-compliant node B.

In the illustrated state, the mobile user device 401 is con-
nected to cell 402 (eNB1) and has as its neighboring cells
each ofcellseNB2, eNB3, eNB4, and eNBS5. Because the user
device 401 is mobile, it may at some point be more suitable to
connect to a neighboring node rather than to the current
primary node. Thus, the user device 401 is configured by the
primary node eNB1 (402) to measure one or more character-
istics of the neighboring nodes according to certain rules.

In particular, in an embodiment, when the device 401 per-
forms measurements with respect to neighboring cells (e.g.,
Radio Resource Management measurements in connected
mode or cell selection or reselection measurements in idle
mode), measurement triggers are adapted based on whether
measured multistate cells are in the dormant state (or “off”
state) or the active state (or “on” state).

When the device 401 is in the connected mode as shown,
the measurement trigger will generally determine whether the
device 401 sends a measurement report corresponding to a
neighbor cell to the primary cell. The device 401 employs
different trigger conditions depending on whether the neigh-
bor cell is in the active state or the dormant state.

For example, the user device 401 is configured in an
embodiment such that when a neighbor cell of interest is in
the active state, a measurement report is triggered when a
measurement quantity associated with the neighbor cell
exceeds a first threshold value (e.g., Reference Signal
Received Power (“RSRP”) measured from CRS, RSRP mea-
sured from small-cell discovery signal (“SCDS”), etc.). How-
ever, when the neighbor cell is in the dormant state, the user
device 401 triggers a measurement report only when the
measurement quantity associated with the neighbor cell
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exceeds a second threshold value that may be more stringent
than the first threshold value. In this way, measurements may
be triggered less frequently when the neighbor cell of interest
is in the dormant state.

In this example, setting the second threshold higher (more
difficult to meet) than the first threshold allows the network to
enforce a preference to handover the user device 401 to an
active cell rather than to a dormant cell. The second threshold
may be an absolute threshold or an offset related to the first
threshold. The offset or delta between the first threshold and
the second threshold may be predetermined or signaled to the
user device 401. Moreover, the offset may be configured on a
per-cell basis or may be common for all or a subset of the cells
(e.g., for a certain frequency layer of cells).

When the user device 401 is in the idle mode, the measure-
ment trigger determines whether the user device 401 reselects
from the current camped cell (associated with eNB1) to
another cell. The reselection criteria, like the measurement
criteria, may be different based on whether the other cell is in
active or dormant state.

It will be appreciated, as alluded to above, that different
cells may operate on different frequencies. For the sake of
example assume that eNB 1 operates on a carrier frequency f;,
eNB2 and eNB3 operate cells on the same carrier frequency,
and eNB4 and eNBS5 operate cells on a different carrier fre-
quency f,.

Inlegacy LTE systems, the user device 401 is configured by
its primary cell 402 to measure some or all of its neighbor
cells and report the measurements, e.g., according to pre-
defined events such as when cell offsets change, signal mag-
nitudes change, relative measurements of these values
change, and so on (depending upon how the primary cell
actually configures the device 401). The interested reader
may review LTE specification 3GPP TS 36.331 to learn more
about these events, but in general they relate to signal strength
and offset, compared to threshold values and compared to
other cells.

Considering the system of FIG. 4, assume that cells 402,
404, and 406 are in the active state, while cells 403 and 405
are in the dormant state. For such a system, applying the same
measurement triggering and reporting procedure for both
dormant and active cells may not be efficient. For example,
considering that cell 402 is the primary cell of the user device
401, if the user device 401 measures cells 404 and 405, and if
both cells are 3 dB better than cell 402, then the user device
401 would include both cells in its measurement report using
legacy procedures because the signal-characteristic thresh-
olds for reporting are met.

However, in a system wherein multistate cells exist, the
primary cell may prefer to hand over the user device to an
active cell rather than to a dormant cell. If the primary cell is
aware of the state of the cells included in the device’s mea-
surement report, it can enforce this preference to reduce
unnecessary signaling overhead and also to improve device-
and network-energy efficiency. The primary cell may deter-
mine the state of other cells either via inter-eNB signaling or
via additional bits included in the device’s measurement
report.

For example, if the user device determines that a cell is in
the dormant state and also determines that the cell satisfies a
particular measurement event, it may include an additional
dormant state indicator (for example, via an extra bit in the
measurement report) to inform the primary cell that the report
corresponds to a dormant cell. Allowing the user device to
indicate cell state reduces the need for frequent signaling
among cells to exchange their states.
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Consider an event that entails comparison of the signal
magnitude of the neighbor, frequency-specific offset of the
neighbor and cell-specific offset of the neighbor less a hys-
teresis value to prevent oscillation, with the signal magnitude
of the primary, frequency-specific offset of the primary and
cell-specific offset of the primary plus an offset. In legacy
systems, the user device 401 sends a measurement report if at
least the following condition is satisfied:

Mn+Ofin+Ocn—Hys>Mp+Ofp+Ocp+Off

Where Mn is the measurement result of the neighboring cell
(no offsets), Ofn is the frequency-specific offset of the fre-
quency of the neighbor cell, Ocn is the cell-specific offset of
the neighbor cell (set to zero if not configured for the neighbor
cell), Mp is the measurement result of the primary cell (no
offsets), Ofp is the frequency-specific offset of the primary
frequency, Ocp is the cell-specific offset of the Primary cell
(set to zero if not configured for the Primary cell), Hys is the
hysteresis parameter for this event, and Off is the offset
parameter for this event. The values Mn and Mp are expressed
in dBm in case of RSRP or in dB in case of Reference Signal
Received Quality (“RSRQ”). The values of Ofn, Ocn, Ofp,
Ocp, Hys and Off are expressed in dB.

In an embodiment applicable within a multistate cell envi-
ronment such as that shown in FIG. 4, reporting is more
efficiently triggered by applying a different triggering
approach as summarized by the following expression for the
same example event:

Mn+Ofin+Ocn—Hys>Mp+Ofp+Ocp+Off+dormant_
delta

where dormant_delta is set to O if the measured cell is in the
active state and is set to a network configured value (e.g., 2
dB)if'the cell is in the dormant state. Another option is to have
a larger hysteresis values for dormant cells as shown in the
inequality below:

Mn+0Ofin+Ocn—(Hys+Hys_delta)>Mp+Ofp+Ocp+Off

where Hys_delta is set to 0 if the measured cell is in the active
state and is set to a network configured value (e.g., 2 dB)ifthe
cell is in the dormant state.

In an alternative approach, the network can configure the
UE with two different cell-specific offset Oc values, one for
the dormant state and another for the active state. For
example, for the neighbor cell “cell n,” the user device 401
can be configured with two cell-specific offset values, Ocnl
(corresponding to the dormant state) and Ocn2 (correspond-
ing to the active state).

Optionally, the primary cell can be configured with Ocpl
(corresponding to the dormant state) and Ocp2 (correspond-
ing to the active state). The user device 401 determines
whether the cell is in the active or dormant state and uses the
appropriate offset value while evaluating a measurement trig-
ger condition involving that cell.

For example, in keeping with the foregoing, if the primary
cell is in the active state and the neighbor cell n is in the
dormant state, then the user device 401 can apply the follow-
ing expression as a trigger condition for sending a measure-
ment report:

Mn+0Ofin+0Ocnl-Hys>Mp+Ofp+Ocp2+Off

If the primary cell is in the active state and neighbor cell n is
also in the active state, then the user device 401 instead
applies the following expression as a trigger condition for
sending a measurement report:

Mn+0Ofin+0cn2-Hys>Mp+Ofp+O0cp2+Off
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In some cases, the user device 401 needs to compare a
measurement quantity to a threshold value rather than per-
form a cross-cell comparison. For such trigger conditions, the
user device 401 may be configured with a first threshold value
corresponding to a dormant-state measurement and a second
threshold value corresponding to an active-state measure-
ment.

For example, one event of interest is when the primary cell
becomes worse than a threshold1 and a neighbor cell becomes
better than a threshold2. In keeping with the disclosed prin-
ciples, this event is detected by configuring the user device
401 with two different thresholds ‘threshold 1la’ and
‘threshold1d’ that apply to Primary cell measurements and
two different thresholds ‘threshold 2a’” and ‘threshold2d’ that
apply to neighbor-cell measurements. The user device 401
determines if the measurement trigger condition is satisfied
using the following conditions:

If both the primary cell and the neighbor cell are in the
dormant state, then the trigger condition is satisfied
when the primary cell signal strength becomes worse
than threshold1d and the neighbor cell signal strength
becomes better than threshold2d;

If both primary cell and the neighbor cell are in the active
state, then the trigger condition is satisfied when the
primary cell signal strength becomes worse than
thresholdla and the neighbor cell signal strength
becomes better than threshold2a;

If'the primary cell is in the active state and the neighbor cell
is in the dormant state, then the trigger condition is
satisfied when the primary cell signal strength becomes
worse than thresholdla and the neighbor cell signal
strength becomes better than threshold2d; and

If'the primary cell is in dormant state and the neighbor cell
is in the active state, then the trigger condition is satisfied
when the primary cell signal strength becomes worse
than threshold1d and the neighbor cell signal strength
becomes better than threshold2a.

Although these principles may be applied in a number of
different ways, an illustrative mode of application is shown in
the flowchart 500 of FIG. 5. The disclosed process begins at
stage 501, wherein a user device such as device 401 is oper-
ating in a cellular environment supporting multistate cells and
having one or more dormant cells and one or more active
cells. The user device is connected to one of the active cells
(the primary cell).

Atstage 502 of the process 500, the primary cell configures
the user device for efficient neighbor-cell measurement
reporting by providing a trigger condition linking the cell
state to a cell-measurement quantity, e.g., signal strength or
frequency offset. As noted, examples of signals that may be
measured include a CRS, PSS, SSS, SCDS, positioning ref-
erence signal, and channel-state information reference signal.
The user device measures a signal with respect to a cell other
than the primary cell at stage 503 and determines a state of the
measured cell at stage 504. It will be appreciated that stages
503 and 504 may occur in any order or may occur in parallel.
At stage 505, the user device determines the measurement
quantity based on the measurement.

The user device then evaluates the trigger condition using
both the measurement quantity and the cell state at stage 506.
Ifthe trigger condition is satisfied, then the user device trans-
mits a measurement report to the primary cell node at stage
507. Otherwise, the user device does not send a measurement
report, and the process 500 returns to stage 503. This process
will continue until the primary cell reconfigures the user
device or the device leaves the primary cell or is powered
down.
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In legacy systems, after measuring a particular RSRP or
RSRQ value, the user device applies a filtering function
(layer-3 filtering) such as shown below:

F,=(1-a)yF,_ +a'M,.

Here, a=Y5%**, and the parameter k (a value between 0 and
19) is configured by the network separately for RSRP and
RSRQ measurements. For intra-frequency RSRP measure-
ments, the filter coefficient is set by the network assuming a
sample rate of 200 ms.

In systems where dormant and active cells are present, the
network can configure a different filter coefficient for filtering
measurements of dormant and active cells. For example the
network may configure the UE to choose k=4 for measure-
ments on active cells and k=0 for measurements on dormant
cells given the longer periodicity of samples measured on
dormant cells.

In an alternative approach, the UE may adapt the layer-3
filter such that the time characteristics of the filter are pre-
served at different input rates corresponding to the dormant
and active state of the cell.

New triggering criterion may be employed with systems
with active and dormant cells. For example, in an embodi-
ment, when a dormant cell becomes better by an offset than
any active cell, the user device sends a measurement report
corresponding to the dormant neighbor cell. In particular, if a
dormant cell is 3 dB better than any of the active cells, then it
may be beneficial from a network efficiency perspective to
wake up the dormant cell (either via inter-eNB signaling or
via UE-based triggering) and have the user device trigger a
measurement report in this case.

In view of the many possible embodiments to which the
principles of the present disclosure may be applied, it should
be recognized that the embodiments described herein with
respect to the drawing figures are meant to be illustrative only
and should not be taken as limiting the scope of the claims.
Therefore, the techniques as described herein contemplate all
such embodiments as may come within the scope of the
following claims and equivalents thereof.

We claim:

1. A method for measurement reporting in a cellular user
device connected to a primary cell and being within receiving
range of a second cell, the method comprising:

measuring a signal from the second cell;

determining a measurement quantity based on the mea-

surement;

determining a cell state associated with the second cell;

evaluating a trigger condition using both the measurement

quantity and the cell state; and

transmitting a measurement report if the trigger condition

is satisfied.

2. The method of claim 1 wherein determining a cell state
associated with the second cell comprises determining
whether the second cell is in an active state or in a dormant
state.

3. The method of claim 2 wherein the active state is a state
wherein the second cell transmits reference signals with a
periodicity that is equal to or shorter than 5 ms and the
dormant state is a state wherein the second cell transmits
reference signals with a periodicity greater than 5 ms.

4. The method of claim 1 wherein measuring a signal from
the second cell comprises measuring one of the following
signals corresponding to the second cell: a common reference
signal, a primary synchronization signal, a secondary syn-
chronization signal, a small-cell discovery signal, a position-
ing reference signal, and a channel-state information refer-
ence signal.
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5. The method of claim 1 wherein determining a measure-
ment quantity comprises determining one of the following
measurement quantities: a reference signal received power
and a reference signal received quality.

6. The method of claim 2 wherein evaluating a trigger
condition using both the measurement quantity and the cell
state further comprises evaluating the trigger condition using
a first cell-specific offset value if the second cell is in active
state and evaluating the trigger condition using a second
cell-specific offset value if the second cell is in dormant state.

7. The method of claim 2 wherein evaluating a trigger
condition using both the measurement quantity and the cell
state further comprises evaluating the trigger condition using
a first hysteresis parameter value if the second cell is in active
state and evaluating the trigger condition using a second
hysteresis parameter value if the second cell is in dormant
state.

8. The method of claim 2 wherein evaluating a trigger
condition using both the measurement quantity and the cell
state further comprises evaluating the trigger condition by
comparing the measurement quantity to a first threshold value
if the second cell is in active state and evaluating the trigger
condition by comparing the measurement quantity to a sec-
ond threshold value if the second cell is in dormant state.

9. The method of claim 8 wherein the second threshold
value is greater than the first threshold value.

10. The method of claim 2 further comprising:

measuring a second signal from a third cell;

determining a second measurement quantity based on the

measured second signal;

determining if the second measurement quantity is smaller

than a third threshold value; and

transmitting a measurement report including the second

measurement quantity to the primary cell if the second
measurement quantity is smaller than the third threshold
and the trigger condition is satisfied.

11. A method for configuring a cellular user device for
measurement reporting, the cellular user device being con-
nected to a primary cell and being within receiving range of a
neighboring cell, the method comprising transmitting a con-
figuration from the primary cell to the cellular user device, the
configuration including information for determining a trigger
condition for reporting a measurement of a characteristic of
the neighboring cell, the trigger condition being based upon
both the measurement and a state of the neighbor cell.

12. The method of claim 11 wherein the state of the neigh-
bor cell is one of an active state and a dormant state, wherein
in the active state, the neighbor cell transmits reference sig-
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nals with a periodicity equal to or shorter than 5 ms, and in the
dormant state the neighbor cell transmits reference signals
with a periodicity greater than 5 ms.

13. The method of claim 11 wherein the measured charac-
teristic is measured relative to a common reference signal, a
primary synchronization signal, a secondary synchronization
signal, a small-cell discovery signal, a positioning reference
signal, and a channel-state information reference signal.

14. The method of claim 11 wherein the measured charac-
teristic is one of a reference signal received power and a
reference signal received quality.

15. The method of claim 12 wherein the information used
for determining the trigger condition includes a first cell-
specific offset value for use if the neighbor cell is in the active
state and a second cell-specific offset value for use if the
neighbor cell is in the dormant state.

16. The method of claim 12 wherein the information used
for determining the trigger condition includes a first hyster-
esis parameter value for use if the neighbor cell is in the active
state and a second hysteresis parameter value for use if the
neighbor cell is in the dormant state.

17. The method of claim 12 wherein the information used
for determining the trigger condition includes a first threshold
value for comparison to the measured characteristic of the
neighboring cell for use if the second cell is in active state and
a second threshold value for comparison to the measured
characteristic of the neighboring cell for use if the second cell
is in dormant state.

18. The method of claim 17 wherein the second threshold
value is greater than the first threshold value.

19. A cellular user device comprising:

a processor; and

a measurement module run by the processor, the measure-

ment module being configured to measure a character-
istic of a neighbor cell while the cellular user device is
connected to a primary cell and to determine whether to
transmit a measurement report to the primary cell by
applying a trigger condition, wherein the trigger condi-
tion depends upon both the measured characteristic and
a state of the neighbor cell.

20. The cellular user device in accordance with claim 19,
wherein the state of the neighbor cell is one of an active state,
wherein the neighbor cell transmits reference signals with a
periodicity equal to or shorter than 5 ms, and a dormant state,
wherein the neighbor cell transmits reference signals with a
periodicity greater than 5 ms.
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