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Systems and Methods for Network Adaptation Support in Wireless Network

This application claims the benefit of U.S. Provisional Application No. 61/822,181,
entitled " Systems and Methods for Network Adaptation Support in Wireless Network," filed on
May 10, 2013, and U.S. Non-Provisional Application No. 14/274,484 entitled " Systems and
Methods for Network Adaptation Support in Wireless Network™ filed on May 9, 2014 which are
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to the field of wireless network communications, and, in
particular embodiments, to systems and methods for network adaptation support in wireless
network.

BACKGROUND

Wireless communication systems include long term evolution (LTE), LTE Advanced
(LTE-A), and LTE-A beyond systems. Modern wireless communications system include NodeBs
(NBs) (also referred to as base stations), communications controllers, or eNBs (enhanced NBs)
and may aso include network points using different radio access technologies (RATS) such as
high speed packet access (HSPA) NBs and WiFi access points (APs). A NB may be serving a
number of users (also referred to as User Equipment (UE), mobile stations, subscribers, or
terminals) in a coverage area over aperiod of time. Some networks, such as heterogeneous
network (HetNets), include amacro cell (e.g., aNB) which isahigher power node/antenna with a
larger coverage, and apico cell which isalower power node/antenna with a smaller coverage.

L ower power nodes (also referred to as pico cells, Femto cells, micro cells, relay nodes, remote
radio heads, remote radio units, or distributed antennas) are low-power wireless access points that
operate in alicensed spectrum. Lower power nodes (LPNs) provide improved cellular coverage,
capacity and applications for homes and businesses, aswell as metropolitan and rural public
spaces. LPNs can beturned off to reduce interference and save power or turned on to increase
capacity, according to network and user demands. Various flexibility and adaptability featuresto

allow better usage of resources in such networks

SUMMARY

In accordance with an embodiment, method supporting network adaptation by anetwork
component includes receiving, by the network component, a discovery reference signal (DRS)
from anetwork controller, wherein the network controller isin a switch-off transmission mode.
The network component then performs measurements according to the DRS, and reports the
measurements to anetwork associated with the network controller. In return, the network
component receives aradio resource control (RRC) signaling from the network. The RRC

signaling includes configuration information allowing a connection between the network
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component and the network controller. The network component then connects with the network
controller in accordance with the configuration information.

In accordance with another embodiment, anetwork component supporting network
adaptation comprises at least one processor and anon-transitory computer readable storage
medium storing programming for execution by the at least one processor. The programming
including instructions to receive a DRS from a cell in a switch-off transmission mode. The
instructions further configure the network component to perform measurements according to the
DRS, and report the measurements to a network associated with the cell. The network component
is further configured to receive a RRC signaling from the network. The RRC signaling includes
configuration information allowing a connection between the network component and the cell.
The network component and the network controller then establish the connection in accordance
with the configuration information.

In accordance with another embodiment, amethod supporting network adaptation by a
network controller includes receiving, by the network controller, areport of DRS based
measurements from a UE. The DRS based measurements are performed by the UE upon receiving
aDRS from a second network controller in a switch-off transmission mode. The method further
includes sending, by the network controller to the second network controller, one of arequest to
turn on transmission at the second network controller and a request to serve the UE by the second
network controller. The second network controller further sends to the UE a RRC signaling
including configuration information allowing a connection between the UE and the second
network controller.

In accordance with yet another embodiment, anetwork controller supporting network
adaptation comprises at |east one processor and anon-transitory computer readable storage
medium storing programming for execution by the at least one processor. The programming
includes instructions to receive areport of DRS based measurements from a UE. The DRS based
measurements are performed by the UE upon receiving a DRS from a second network controller
in a switch-off transmission mode. The instructions further configure the network controller to
send to the second network controller one of arequest to turn on transmission at the second
network controller and arequest to serve the UE by the second network controller. The network
controller isaso configured to send a RRC signaling to the UE. The RRC signaling includes
configuration information allowing a connection between the UE and the second network
controller.

The foregoing has outlined rather broadly the features of an embodiment of the present
invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of embodiments of the invention will be
described hereinafter, which form the subject of the claims of the invention. It should be

appreciated by those skilled in the art that the conception and specific embodiments disclosed
-
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may bereadily utilized asabasis for modifying or designing other structures or processes for
carrying out the same purposes of the present invention. It should also berealized by those
skilled in the art that such equivalent constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, and the advantages thereof,
reference isnow made to the following descriptions taken in conjunction with the accompanying
drawing, in which:

Figure lisadiagram that illustrates example orthogonal frequency-division
multiplexing (OFDM) symbols with normal cyclic prefix (CP);

Figure 2 isadiagram that illustrates example physical data and control channels;

Figure 3isadiagram that illustrates an example reference signal (CRS);

Figure 4 is adiagram that illustrates example channel status indicator reference signa
(CSI-RS) and dedicated/de-modul ation reference signal (DMRS);

Figure 5 isadiagram that illustrates a scenario of co-channel macro and small cells;

Figure 6 isadiagram that illustrates a scenario of separate channel macro and outdoor
small cells;

Figure 7 isadiagram that illustrates another scenario of separate channel macro and
outdoor small cells;

Figure 8 isadiagram that illustrates a scenario of small cells without macro coverage;

Figure 9 isadiagram that illustrates a scenario of afirst pico cell serving UES, and a
second pico cell not serving any UEs;

Figure 10 isa diagram that illustrates a scenario of UES entering an area served by the
second pico cell of Figure 1;

Figure 11isadiagram that illustrates an embodiment for adaptive transmission in the
network;

Figure 12 isadiagram that illustrates an example of atiming diagram for small cell on/off
adaptation;

Figure 13isan event/signaling flow diagram that illustrates an embodiment method for
network adaptation;

Figure 14 isadiagram that illustrates atypical scenario for aUE to connect to a cell that
turns on;

Figure 15isadiagram that illustrates an embodiment method for small cell on/off
adaptation with reduced transmission time;

Figure 16 is adiagram that illustrates another embodiment method for small cell on/off

adaptation with reduced transmission time;
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Figure 17 isadiagram that illustrates an embodiment method for transmission power
adaptation with reduced transmission time;

Figure 18illustrates arelation between power levels of different signals; and

Figure 19isadiagram of aprocessing system that can be used to implement various
embodiments.

Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the embodiments and are not necessarily drawn to scale
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in awide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,
and do not limit the scope of the invention.

In amodern wireless communications system, such asa Third Generation Partnership
Project (3GPP) LTE compliant communications system, aplurality of eNBs, also commonly
referred to as cells, may be arranged into a cluster of cells (coverage areas), with each cell having
multiple transmit antennas. Additionally, each cell or eNB may be serving a number of users or
UEs based on apriority metric, such as fairness, proportional fairness, round robin, and the like,
over aperiod of time. Asused herein, the terms cell, transmission point, and eNB may be used
interchangeably. Distinction between cells, transmission points, and eNBs is made where needed.
The transmission/reception from a controller (e.g., eNB) to aUE is called downlink (DL)
transmission/reception, and the transmission/reception from a UE to a controller is called uplink
(UL) transmission/reception.

In orthogonal frequency-division multiplexing (OFDM) systems, the frequency
bandwidth is divided into multiple subcarriers in frequency domain. In time domain, one
subframe is divided into multiple OFDM symbols. The OFDM symbol may have a cyclic prefix
(CP) to avoid inter-symbol interference due to multiple path delays. One resource element (RE) is
defined by the time-frequency resource within one subcarrier and one OFDM symbol. In a
downlink transmission, reference signals (RSs) and other signals, such as a data channel (physical
downlink shared channel (PDSCH)), a control channel (physical downlink control channel
(PDCCH)), and an enhanced PDCCH (EPDCCH), are orthogonal and multiplexed in different
resource elements in the time-frequency domain. In an uplink transmission, a physical uplink
shared channel (PUSCH) and a physical uplink control channel (PUCCH) are orthogonal and
multiplexed in different time-frequency resources. A set of REs are grouped together to form a
resource block (RB). For example, 12 subcarriers in a slot make up a RB. Further, the signals are
modulated and mapped into resource elements. Using inverse fast Fourier transform (IFFT) per

4-



10

15

20

25

30

35

WO 2014/183083 PCT/US2014/037578

each OFDM symboal, the signals in frequency domain are transformed into the signalsin time
domain, and are transmitted with added CP to avoid the inter-symbol interference.

To enable any data channels in either UL or downlink DL transmissions, such as PDSCH
or PUSCH in an LTE-A system, reference signals are transmitted. There are reference signals for
aUE to perform channel/signal estimation/measurements for demodulation of PDCCH and other
common channels, and for measurements and feedback. Such reference signals include the
Common/Cell-specific Reference Signal (CRS) inherited from the Rel-8/9 specification of
evolved Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access (E-
UTRA). A Dedicated/De-modulation reference signa (DMRS) can also betransmitted with the
PDSCH channel in Rel-10 of E-UTRA. The DMRS isused for channd estimation during PDSCH
demodulation.

Figure lillustrates example OFDM symbols with CP. There are 14 OFDM symbols
labeled from Oto 13 in each subframe. The symbols 0to 6 in each subframe correspond to even
slots, and the symbols 7 to 13 in each subframe correspond to odd slots. In the figure, only one
slot of a subframe is shown. There are 12 subcarriers labeled from Oto 11in each RB, and hence
in this example, there are 84 REs in this dot of the RB. In each subframe, there are anumber of
RBs, and the number may depend on the bandwidth (BW).

Figure 2 shows a PDSCH carrying data packets on the DL from an eNB to UEs a a
physical layer, and aphysical uplink shared channel (PUSCH) carrying data packets from the UEs
tothe eNB on the UL in the physical layer. Also shown are the corresponding physical downlink
control channels (PDCCHSs) transmitted from the NB to the UEs. The PDCCH indicates where the
corresponding PDSCH and/or PUSCH isin frequency domain and in which manner the PDSCH
and/or PUSCH istransmitted. For instance, the PDCCH 701 may indicate the signaling for
PDSCH 702 or PUSCH 704. In Release 11, an EPDCCH is adownlink control channel that has a
similar functionality as PDCCH. However, the transmission of the EPDCCH may bein the data
region of an LTE Rel-8 system, and EPDCCH demodulation is based on the DMRS as opposed to
CRS-based demodulation for PDCCH.

In downlink transmission of LTE-A systems, the CRS isareference signal, inherited
from the Rel-8/9 specification of E-UTRA, for the UE to perform channel estimation for
demodulation of PDCCH and other common channels and for measurement and some feedback.
Figure 3 shows an example of the CRS. The CRS may be used by the UE to derive Radio
Resource Management (RRM) measurements, such asreference signal received power (RSRP)
measured on CRS REs and reference signal received quality (RSRQ). The RSRQ isthe ratio
between RSRP and the received signal strength indicator (RSSI) measured on all the REs.

The DMRS can betransmitted together with the PDSCH channel in Rel- 10 of E-UTRA.
The DMRS isused for channed estimation during PDSCH demodulation. The DMRS can also be
transmitted together with EPDCCH for the channel estimation of EPDCCH by the UE. Figure 4
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shows a CSI-RS which isintroduced in Rel-10, in addition to CRS and DMRS. The CSI-RS is
used for Rel-10 UEs to measure the channd status, such as for multiple antennas cases. The
Precoding Matrix Indicator (PMI)/Channel Quality Indicator (CQI)/Rank Indicator (RI) of the
precoding matrix and other feedback information may be based on the measurement of CSI-RS
for Rel-10 and beyond UE. There may be multiple CSI-RS resources configured for aUE. The
eNB assigns a specific time-frequency resource and scrambling code for each CSI-RS resource.
CSI-RS in Rel-10 can support up to 8 transmission antennas, while CRS can only support up to 4
transmission antennas in Rel-8/9. The number of CSI-RS antenna ports can be 1, 2, 4, and 8. To
support the same number of antenna ports, CSI-RS has substantially lower overhead duetoits
relatively low density in time and frequency.

A RS(eg., CRS, CSI-RS or DMRS) may beused at areceiver to estimate the channel
impulse response and/or channel power delay profile (PDP). The RSistypicaly apseudorandom
sequence modulated using Quadrature Phase Shift Keying (QPSK) on the subcamers assigned for
RStransmission. Upon receiving the RS, the receiver performs demodulation and descrambling
by multiplying the conjugate of the pseudorandom sequence. The resulting signal isthen
transformed into time domain by |FFT operation to obtain the channel PDP estimation. Further
measurements may be performed based on the obtained PDP estimates. The RSs from different
transmitters may be assigned to different sets of subcamers and hence are separated in frequency
domain. The RSs from different transmitters may also be assigned to different pseudorandom
sequences and hence are separated via low correlation between the pseudorandom sequences.
Alternatively, the RSs may be assigned to transmit on the same set of subcamers and using the
same pseudorandom sequence. A s such, the RSs can strongly interfere with each other. In current
LTE systems, the use of the same pseudorandom sequence in RSs for different cells on the same
set of time/frequency resources may be done if the cells are far apart from each other so that the
RSinterference may bereduced to an acceptable range. This decision can be made at the network
planning stage.

In heterogeneous networks (HetNets), there are high power macro points and various
lower power points that generally may share the same communication resources. The lower
power points may include, but are not limited to, picos, remote radio heads (RRHs), femto cells
(or home eNBs (HeNBSs)), access points (APs), distributed antennas (DAS), relays, and near field
communication points. Macro eNBs are used to provide wide area coverage, typicaly within a
few hundred meters to a few kilometers of radius. The low-power points are generally used to
provide high throughputs to UEs close to the nodes, e.g., within several meters to tens of meters.

In the 3GPP Rel-10 specification, a component carrier is called a cell. When multiple
cells are controlled by a same eNB, cross scheduling of multiple cells is possible using asingle
scheduler in the same eNB to schedule the multiple cells. With carrier aggregation (CA), one eNB
may operate and control several component carriers forming a Pcell and a Scell. InRel-11

-6-
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design, an eNB may control both amacro cell and apico cell. In this case, the backhaul between
the macro cell and the pico cell isfast backhaul. The eNB can control the transmission/reception
of both macro cell and pico cell dynamically. The PDCCH or EPDCCH transmitted from the
macro cells can be used to indicate the PDSCH or PUSCH transmitted from the pico cells.

Component carriers in anetwork can operate in different frequency bands. High
frequency bands generally have ahigh path loss over distance and thus are more suitable to serve
arelatively smaller area, such as used for high throughput purpose for nearby UEs. Low
frequency bands generally have low path loss over distance and thus are more suitableto serve a
relatively large area, such asused for providing coverage.

The eNBs in anetwork may be arranged close to each other so that a decision made by a
first eNB may have an impact on a second eNB. For example, the eNBs may use their transmit
antenna arrays to form beams towards their UEs when serving them. For instance, if afirst eNB
decidesto serve afirst UE in aparticular time-frequency resource, it may form abeam pointing to
that UE. However, the pointed beam may extend into a coverage area of the second eNB and
cause interference to UEs served by a second eNB. The inter-cell interference (ICl) for small cell
wireless communications systems is commonly referred to as an interference limited cell scenario,
which may be different from anoise limited cell scenario in large cell wireless communications
systems.

In Rel-12 or beyond design, the backhaul between the macro cell and the pico cell may
not be fast backhaul. In other words, the backhaul may be slow backhaul, or any backhaul. In
slow backhaul scenario, the PDCCH or EPDCCH transmitted from the macro cells cannot be used
to indicate the PDSCH or PUSCH transmitted from the pico cells.

In actual network implementations, there may be multiple macro points and multiple pico
points operating in multiple component carriers, and the backhaul between any two points can be
fast backhaul or slow backhaul depending on the deployment. When two points have fast
backhaul, the fast backhaul may be fully utilized, e.g., to simplify the communication method and
system or to improve coordination. The points configured for a UE for transmission or reception
may include multiple points, where some pairs of points may have fast backhaul and other pairs
of points may have slow backhaul or any backhaul.

In some deployments, an eNB may control one or more cells. Multiple remote radio units
may be connected to the same base band unit of the eNB by fiber cable, and the latency between
base band unit and remote radio unit is substantially small. As such, the same base band unit can
process the coordinated transmission/reception of multiple cells. For example, the eNB may
coordinate the transmissions of multiple cellsto a UE, which isreferred to as coordinated multiple
point (CoMP) transmission. The eNB may also coordinate the reception of multiple cells from a

UE, which isreferred to as COMP reception. In this case, the backhaul link between the cells with
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the same eNB is fast backhaul and the scheduling of PDSCH transmitted in different cells for the
UE can be easily coordinated in the same eNB.

Downlink coordinated multi-point (DL-CoMP) has been addressed in 3GPP, and three
main areas of focus have been identified. The work for specifying CoMP support in Rel-1 1
focuses onjoint transmission (JT), dynamic point selection (DPS), including dynamic point
blanking (DPB), and coordinated scheduling™eamforming (CS/CB), including dynamic point
blanking. Generally, there are four CoMP scenarios. The scenarios include a homogeneous
network with intra-site CoM P, ahomogeneous network with high transmission power RRHSs, an
heterogeneous network with low power RRHs within the macro cell coverage where the
transmission/reception points created by the RRHs have different cell IDs asthe macro cell, and
an heterogeneous network with low power RRHs within the macro cell coverage where the
transmission/reception points created by the RRHs have the same cell IDs asthe macro cell. In
the last scenario (heterogeneous cell where the RRHs have the same cell IDs), a single shared
cell-1D isused for multiple sites. In this case, cell ID-based transmission set configuration
generaly isnot applicable. The CSI-RS-based configuration is used for this scenario instead of
cell-1D based configuration.

Asan extension of the HetNet deployment, possibly densely deployed small cells using
low power nodes are promising to cope with mobile traffic explosion, such as for hotspot
deployments in indoor and outdoor scenarios. As described above, alow-power node isanode
whose transmission power is lower than macro node and B S classes. For example pico and femto
eNBs are both applicable. Small cell enhancements for E-UTRA and E-UTRAN focus on
additional functionalities for enhanced performance in hotspot areas for indoor and outdoor using
possibly densely deployed low power nodes.

Figures 5to 8illustrate various small cell deployment scenarios. Figure 5 shows co-
channel macro and small cells. Figure 6 shows separate channel macro and outdoor small cells.
Figure 7 shows separate channel macro and indoor small cells. Figure 8 shows small cells
without macro coverage.

A UE can discover the surrounding small cells by first identifying the cell through
detecting a downlink Primary Synchronization Signal (PSS)/Secondary Synchronization Signa
(SSS). The UE then performs signal power measurement based on the downlink CRS of these
identified cells. If the measured signal power is above a predefined threshold, the cell discovery is
considered successful. For mobility and other network operation optimization purposes, the UE
may be required to monitor several cells. To increase the chance that the UE is able to discover
weaker cells under one or two dominant strong interfering cells, an interference cancellation (1C)
technique may be used in which the dominant strong interfering cells are first discovered and then
their PSS/SSS/CRS are reconstructed and subtracted from the UE received signal. Weaker cell
discovery isthen performed upon the remaining signal.

-8-
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In dense small cell scenarios, there could be several strong interferers of similar strength.
Under this interference condition, there islittle benefit of interference cancellation due to the lack
of asmall number of dominant interferers. In another small cell deployment scenario, efficient
small cell operation may require the introduction of techniques for interference management
where some small cells may be silent at certain times. With the reduced interference, it may be
possible to maintain or even improve the network throughput performance with reduced network
resources, in cases such aswhere the traffic load islight or medium. If the traffic load increases,
then the network may activate some inactive small cellsto support the increased traffic load. For
example, transmission of common signals can be avoided in certain subframes without negative
impact to the UE measurements. If such solutions consist of cells that stop transmitting for along
time, then the discovery of these cells would become even more challenging.

When performing limited monitoring activities, e.g., without CRS or CSI-RS
transmission, a network node/carrier/antenna set, may need to transition to data
transmission/receiving (Tx/Rx) state (in which CRS and/or CSI-RS istransmitted) when a number
of UEs enter its coverage area. With the assistance of the network, the UEs that meet predefined
criteria (e.g., path loss, load, maobility) may transmit specia physical signals, referred to as
Transition Request Signals (TRSs), using a specific hopping pattern on designated resources.
Based on the received signal strength distributions/levels, the network node/carrier/antenna set
determines if it should transition to data Tx/Rx state or stay in limited monitoring state. This
adapts the network to the dynamic traffic situation.

Service demand in anetwork may vary significantly. In worse cases, such as during
network rush hours or peak hours, the service demand can be much higher than normal. To cope
with such situations, operators usually deploy their network infrastructure in away such that peak
service demand requirements can be met. Thisisgeneraly attained by using relatively smaller
macro cells (with reduced cell sizes) combined with a considerable number of low power nodes
(LPNs) which are densely distributed and may even be redundant under anormal service
condition, and with multiple component carriers and frequency bands supported which may also
beredundant under anormal service condition. Such network infrastructure deployment is
targeted for peak service demands and can become over-provisioned for normal or off-peak
service demands, which may be significantly lower than the peak demands. In this case, the over-
provisioning network is generally not optimal, or even not suitable for normal service demands.

Over-provisioning the network presents a challenge for interference
management/coordination. Interference management approaches have been proposed to deal with
specific interference conditions, such as ailmost blank subframes (ABS) intended to reduce macro
interference when amacro strongly interferes with pico UES in macro-pico deployments.
However, such approaches are not intended for a dense and over-provisioning network. For
instance, one issue that needs to be addressed isthat the dominant interference may not be from
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one cell (e.g., the macro) but from several cells (e.g., severa pico cells or small cells), and hence
blanking one cell does not improve the performance much. Another issue isregarding power
consumption in an over-provisioned network. Keeping most of the network nodes active most of
the time may waste considerable energy, and may also increase network operation complexity,
cost, and chances of failures.

Therefore, it isdesired to introduce higher degrees of flexibility and adaptability into the
network, so that the network can better adapt its resources to varying service demands. For
example, an eNB may transition to a state of transmitting DL CRS, CSI-RS, or PDSCH
considering the UEs within the coverage area of the point/cell or carrier/frequency of the eNB, for
instance if the number of UEs in the coverage areais considered large. An eNB may also stop
transmission or decide not to transmit DL CRS, CSI-RS, or PDSCH on a set of antennas
considering the UEs within the coverage area, for instance if the number of UEs in the coverage
areais considered small.

Figure 9 shows a macro point and two pico points, Picol and Pico2. There are no UES in
the coverage area of Pico2 to serve. If this situation lasts a considerable period of time, it may be
beneficial to reduce Pico2 Tx/Rx activities to reduce interference and power consumption, among
other benefits. Thus, Pico2 may turn off CRS and/or CSI-RS transmission and only monitor a
limited set of resources. In contrast to Pico2, Picol isin active operation mode and performs data
Tx and/or Rx with two UEs, UE1 and UES. Picol also performs CRS and/or CSI-RS
transmission. The macro point servesthe UEs, UE2, UE4, and UES.

Figure 10 shows a subseguent time shot of the system in Figure 9. In Figure 10 more
UEs, UE1 and UE2, move into the coverage area of Pico2. Serving UE1 and UE 2 by other
network points such asthe macro or Picol may be difficult due to the relative distance of UEL
and UE2. Hence, Pico2 should know, with the assistance of the network, when and how to make
adecision toincrease its TX/Rx activities. Similar cases exist for other types of network points
(eNBs, RRHs, relays, DAS), near field communication nodes, component carriers/frequencies,
and antenna sets, and similar implementations may be applied to these cases as well.

Figure 11 shows an embodiment of a network adaptation scheme to address the scenario
in Figure 10. Because UE1 and UE2 have relatively high path loss to the active serving points
(macro and Picol) and can overload the network, the network may decide to seek alternative
serving points for these UEs. Thus, the network may select and instruct UE1 and/or UE2 to send
TRSs on network designated resources with network configured power levels. When Pico2
receives the TRSs, Pico2 transitions into amore active mode such as by transmitting CRS/CSI-RS
and consequently serving UEL and/or UE2. Alternatively, Pico2 may stay in the reduced activity
mode. The decision may be made by the macro which controls Pico2, based on the received TRS

statistics on Pico2 and optionally based on neighboring points such as Picol.
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The scheme above may be adopted for more general transition/adaptation purposes,
including turning a cell or point on/off or making modifications to transmissions or receptions,
such asto antenna sets, channels (e.g., PDSCH, CRS, CSI-RS), component carrier sets,
frequencies, or parameters for transmissions or receptions (e.g., Tx power). Embodiments are
provided herein for suitable adaptation schemes, including small cell on/off adaptation, carrier
selection, and downlink power control. The adaptation schemes may differ in various aspects,
however similar mechanisms, procedures, and measurements may beimplemented to support
them, as described below. The adaptation schemes may be implemented together in a small cell
deployment to ensure efficient operation of the networks.

Small cell on/off adaptation refers to the adaptive turning on and turning off of a small
cell. When the small cell isturned on, the small cell acts asalegacy carrier and may transmit the
signals existing in alegacy carrier and signals necessary for datatransmission, such as reference
signals used for measurements and demodulation. UES may access the small cell and may receive
data transmission from the cell. When the small cell isturned off, the small cell does not transmit
any signals including legacy carrier signals or signals necessary for datatransmission. UEs may
not access the small cell and may not receive datatransmission from the cell. However, evenif a
small cell isturned off, its power amplifier (PA) for DL transmission may or may not be turned
off. Such decision may depend on network implementation and be transparent to the standards in
3GPP Radio Access Network Layer 1 (RANI) and Access Network Layer 2 (RAN2). Small cell
carrier selection refers to the adaptive turning on and turning off of one or more of asmall cell's
multiple component carriers (CCs). The transmission behavior of a turned-on (or turned-off) CC
can be similar to that of aturned-on (or turned-off) small cell. Small cell downlink power control
refers to the adaptation of a small cell (or asmall cell CC) transmission power, including possibly
both the common channel power and data channel power.

One purpose of small cell on/off adaptation is interference avoidance and coordination. A
network may turn off selected small cells to reduce inter-cell interference, for instance the
interference caused by common channel transmissions such as CRS. With the reduced
interference, it may be possible to maintain or improve the network throughput performance with
reduced network resources in cases such aswhere the traffic load is light or medium. If the traffic
load increases, the network may turn on some turned-off small cells to support the heavier traffic
load. Small cell on/off adaptation may also lead to energy savings. Small cell carrier selection or
downlink power control may beimplemented for similar purposes or other benefits.

Figure 12 shows an example of atiming diagram for small cell on/off adaptation. The
time period Tis the duration during which the small cell isturned off. The time period Tiisthe
duration between the instance that a "turn on" decision is made and the instance that the small cell
can transmit PDSCH. The length of Ti may depend on the availability of sufficiently accurate UE

measurements at the cell. The length of Ti may further depend on, for example, on how long it
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may take for the cell configuration to be detected by UEs or signalled to UEs (e.g., signalled from
amacro cell), how long it may take for aUE to receive downlink signals from the small cell or
transmit valid uplink signals to the small cell (related to the activation/deactivation delays), how
long the stable measurements may take, and/or UE reporting configurations. Thus, the time scale
for T; may be of afew hundreds of milliseconds (ms) using currently existing procedures. The
time period T, isthe duration during which PDSCH can betransmitted, but whether/when/how
the transmissions are performed may depend on implementations, e.g., the scheduler or
transmission configurations. Thetime period T; is the duration between the instance that a "turn
off decision is made and the moment that the cell isturned off. The cell activity during this
period may include handing over UEs (if any) to other cells, which may take several milliseconds
to a few hundreds of milliseconds. It may be desired to have Ti and T; sufficiently shorter than T,
and T since Ti and T; represent "transient” or "overhead" periods. Small cell on/off adaptation
cannot be faster than the time scales dictated by Ti and T, the transient times needed for stable
measurement requirements, or radio resource control (RRC) signaling time scales.

Figure 13 shows an embodiment of an event/signaling method for network adaptation
techniques such as small cells on/off, carrier selection, and power control. The events/signaling,
including optional steps (shown in dashed lines), can be used for each of the three network
adaptation techniques. Some of the events/signaling may occur concurrently with some other
events/signaling. There may be elapsed times, for example due to backhaul delays, cell
configuration detection, stable measurements, RRC signaling, or other reasons, that affect the
feasible time scales for network adaptation.

The eventg/signaling include, at step 1, sending the adaptation decision from the
macro/network entity to an eNB (e.g., of asmall cell). At step 2, the eNB updates its
configuration, such as synchronization and/or radio frequency (RF) configurations. At step 3, the
eNB transmits its updated configuration to aUE. At step 4, the UE performs a cell search. At step
5, the UE receives from the macro/network entity a signaling of updated information. At step 6,
the UE reacts by at least one of changing RF configuration, detecting PSS/SSS, acquiring a CRS,
and performing RRM measurements. At a step 7, the UE performs ahandover (HO) procedure
with the macro/network entity to prepare for anew connection. At a step 8, the UE performs a
Random Access Procedure (RACH) with the eNB. At step 9, the UE receives from the eNB a
RRC signaling. At step 10, the UE sends a measurement report (e.g., RRM/CS]) to the eNB. At
step 11, the UE and eNB begin communications according to the updated configurations.

Table 1below shows feasible time scale examples for the various events/signaling above.
The step numbers in the event/signaling column correspond to the numbering in Figure 13.
Regarding the small cell on/off adaptation, the feasible time scales may be different with or
without network assistance. With network assistance, the network may inform the UE regarding
the updated configuration (e.g., a small cell turning on), and then the UE can start detecting the
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updated configuration. Without network assistance, the UE may not be aware of the updated
configuration and may wait for an indefinite time until it starts detecting the updated
configuration. After asmall cell is detected, if aUE is capable of supporting dual connectivity,
then the HO procedure is ot necessary. However, the HO may be needed for UES that are not
capable of supporting dual connectivity.

Regarding carrier selection, the feasible time scales may be different for CA capable UES
and non-CA capable UEs. A serving small cell may configure anewly turned-on CC asa
secondary cell for aCA capable UE in order for the CC to servethe UE. However, an intra-eNB
HO isneeded for anon-CA-capable UE in order for the CC to serve the UE.

For downlink power control, a small change in downlink transmission power may not
need to be signalled to the UE, and the communication based on update transmission power may
bein effect after a few milliseconds asthe transient due to a small power change should be short.
However, alarge/abrupt change in downlink transmission power may need to be conveyed to the
UE. Otherwise, the communications between the eNB and the UE may become unreliable due to
the wrong assumption the UE makes about the transmission power. The change may be signalled
to the UE based on existing mechanisms such asvia paging/system information modification,
which may require a few hundreds of milliseconds (ms) at least. It is a common understanding in
LTE that the system information modification should not be updated frequently (generally it
should not be changed over hours). If a system information modification signaling is sent, the UE
needs to re-acquire all system information, which isnot an efficient way to implement power
adaptation.

According to Table 1, the possible values of the feasible time scales for network
adaptation, e.g., using currently existing procedures, can be set as follows: from about 400ms to
about 2000ms for small cell on/off adaptation, from about 300ms to about 1200ms for small cell
carrier selection, and from about 10ms to about 400ms for small cell downlink power control.

Table 1. Feasible time scale examples (unit of time: ms).
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On/off
Event/ Carrier
. . Note w/ network w/o network . DL power control
signaling ) ) selection
assistance assistance
1 Adaptation decision sent over 0~60 0-60 0-60
backhaul
2 Small cell sync, turning _on RF 0-i00 0-5 0
3 Small cell transmitting based on -0 -0 0
updated configuration
100-1000
4 UE cell search gap (not needed w/ 0 or -0 -0
network assistance) more
5 Network signaling of updated 100-200 (may be 0 100-200 0-300
configuration, via e.g. RRC, paging |concurrent with step 2)
6.1 UE changing RF 0-i0 0~10 ~0
6.2 UE detecting PSS/SSS 0 10-200 0-200 ~0
6.3 CRS T/F acquisition -10 0~10 ~0
0-200
6.4 UE RRM measurement -200 -200 (may be
concurrent with step 5)
Preparing for new connection (e.g.
7 HO procedure, changing S-cells, 100-600 0-200 ~0
changing dual connectivity cells)
8 RACH procedure 20-40 20-40 ~0
9 Small cell RRC signaling of UE 100-200 0-200 0
specific _configurations
10 Measurement reports (RRM/CSI) 10-50 10-50 10-50
450-2070 or
Total 440~1070 330-1175 10-410
more

Figure 14 shows atypica scenario for aUE to connect to a cell that turns on. The UE is
first served by afirst cell, e.g., by amacro point. When a second cell, e.g., asmall cell, closeto
the UE turns on, the UE performs CRS-based measurements for the second cell, and reports the
measurements to the network. After receiving the RRC reconfiguration information, the UE
connects to the second cell. In this scenario, there may be a considerable time delay between the
instance the second cell turns on and the instance the UE performs the CRS based measurements
for the second cell. This may be due, for example, to the UE cell search time and detecting
necessary signaling from the second cell. The long delay isnot desirable, asit implies that a
turned on cell hasto wait for along time to serve aUE. Thus, there isaneed for schemes for
small cell on/off adaptation that reduce the transition time for the UE to connect to the small cell
(e.g., apico point) that switches on.

Figure 15 shows an embodiment method for small cell on/off adaptation with reduced
transition time. When the UE is served by afirst cell, the UE can perform downlink
measurements based on a second cell turned-off cell discovery reference signal (DRS) or other
DL reference signal transmissions. When turned off, the second cell can still send DL reference
signals such as DRS for surrounding UEs to detect. Thus, when the UE isin the coverage area of
the small cell and detects the DRS, the UE performs measurements accordingly and reports the
measurements (DRS based RRM measurements (RSRP/RSRQ)) to the network. The second cell
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isthen turned on, e.g., via signaling by the network, and the UE receives RRC reconfiguration
signaling. The UE then connects to the second cell according to the reconfiguration. This method
reduces the transition time between switching the second cell on and connecting to the second cell
in comparison to the typical scenario of Figure 14. Specificaly, alowing the small cell to
continue sending DRS signals when turned off promotes faster detection of the small cell by the
UE and avoids long delay due to performing the CRS-based RRM measurement required by the
specification, which takes at least 200 ms. Further, when the network receives the measurement
reports from the UE, the network may configure UE-specific information for the UE directly and
save additional configuration steps, reducing the transition time.

Figure 16 shows another embodiment method for small cell on/off adaptation with
reduced transition time using network assistance. When the UE is served by afirst cell and a
second cell, e.g., asmall cell, within proximity of the UE turns on, the network performs signaling
to assist the UE to connect to the second cell. The network signaling informs the UE of the
presence of an activated small cell within range. Hence, the UE detects the second cell (based on
the second cell's CRS and/or DRS) and performs measurements accordingly, and then reports the
measurements to the network. The UE then receives RRC reconfiguration signaling and connects
to the second cell accordingly. This method reduces the transition time between switching the
second cell on and connecting to the second cell in comparison to the typical scenario of Figure
14. Specifically, the network assistance signaling by the network allows the UE to detect the
second cell and hence perform and report the necessary measurements with reduced delay.

The network assistance signaling may be sent to the UE from a network node that the UE
is connected to, such asthe first cell. The purpose of such asignaling isto inform the UE that a
change of the network configuration is expected/undergoing or has occurred. Thus the UE's cell
search gap in step 4 of Figure 13 and Table 1 and between steps 2 and 3 in Figure 14 may be
reduced significantly. Without such a signaling, a UE may not necessarily perform a cell search if
it does not experience any problem with its current connections, and hence the updated network
configuration may be unnoticed by close UEs and cannot provide the desired benefit by serving
such UEs.

For example, asthe traffic load increases gradually, the network decides to turn on one or
more small cellsto increase the capacity of the network and offload the current serving cells.
However, after the small cells are turned, the UES may not notice any radio link issues/changes so
they may not betriggered to perform any cell search. In such a case, the turned-on cells may not
contribute any system benefits but increase the interference level in the network, which isnot
desirable.

The network assistance signaling may be sent to UES so that the UEs may start a cell
search upon receiving such signaling and perform measurements. The signaling may be an
existing RRC signaling that modifies an RRC connection (e.g., via
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RRCConnectionReconfiguration signaling which includes measConfig to reconfigure
measurements, or updating the threshold and hysteresis parameters used in measurement events
so that a measurement event is more likely to betriggered). This may work in cases where the
network has sufficient information regarding the relative locations/channel qualities of the UEs
and the turned-on small cells, or where the network may reconfigure the UES so that they can
monitor certain small cells that arejust turned on. In an embodiment, the cell 1Ds of the turned-on
small cells and relevant information may be carried in the reconfiguration signal, and hence the
UE may not need to perform any blind cell search. The UE canjust detect the PSS/SSS/PBCH of
the associated cell and acquire system information, reducing the feasible time scale significantly.
This may be done by configuring the UE with a measurement object regarding the turned-on
small cell, and/or updating the neighbor list of the UE.

In other possible implementations, the network does not signal information about the
turned-on small cellsto the UES, but instead notifies the UEs that a change is occurring. Hence,
the UEs may start to perform a cell search. When a UE receives such areconfiguration signal, it
may reset its measurement filters (e.g., filtersinvolving interference measurements and RSS|
measurements) associated with some measurement processes or specified measurement processes.
The UE may also start intra-frequency and/or inter-frequency cell search. In various
embodiments, the reconfiguration signaling comprises any combination of atime stamp for
resetting a measurement process, atime stamp for starting intra-frequency and/or inter-frequency
cell search, an indicator of whether or not to perform intra-frequency and/or inter-frequency cell
search, an indicator of whether or not to perform measurement reset, and other relevant
information.

In some implementations, the reconfiguration signals may also be used for other purposes
such as probing. The signals used for probing (or other purposes) may be separated from the
signals used for assisting the UEs to search for new small cells or identify new network
configurations. The signal for triggering a cell search may be UE specific high layer signaling
(e.g., RRC), physical layer signaling (e.g. in PDCCH/EPDCCH), or in common channels.

The HO procedure may follow the UE's detection of new small cells, which may
typicaly take severa hundreds of milliseconds. However in some cases, the HO procedure is not
needed and is not used, and hence the transition time is further reduced. For example, if the UE
can support dual connectivity or multi-cell access, the UE may be configured to add/modify a
connection. In another example, if the turned-on cell is a CC of the UE's serving cdll, the serving
cell may configure the turned-on CC as a secondary cell of the UE without any HO if the UE
supports CA, or the serving cell may initiate an intra-eNB HO across the CCs which can also
reduce the time scales. Alternatively, the eNB may send Scell activation/deactivation signaling
viaMAC signaling, which is faster than HO and Scell addition/removal.
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Other embodiments for small cell on/off adaptation include UL-signal based schemes and
DL-signal based techniques. In UL-signal based schemes, small cells monitor the uplink, such as
RACH, SRS, or modifications of existing signals. In DL-signal based schemes, the network
decidesto turn on certain DL channels, e.g., DL reference signals for UE measurements, based on
mechanisms such asperiodic DL reference signal transmissions (e.g., DRS), using load/location
information sent from some network entities asatrigger (e.g., wake-up signa), or using UL
signals as atrigger. The UL-signal based schemes may not be sufficient as DL measurements may
be needed for the network to make better transition decisions. Some DL-signal based schemes
may use aUL signal asthe wake-up signal. The DL reference signals for UE measurements may
betriggered by an UL signal from UEs. New downlink signaling may also be used to enable the
network to alert UES in proximity of its presence and trigger the transmission of awake-up signal.

With regard to power control, the network typically convey transmission power changes
to UEs using procedures such as paging, e.g., with systeminfomodification. However, the paging
and receiving of system information in return may take at least severa hundreds of milliseconds.
Another way to notify the UEs about power changes isvia secondary cell reconfiguration or via
mobility control, which may not be applicable in al power control scenarios. A new signaling
scheme for carrying cell power change information with reduced transition time is desirable.

Figure 17 shows an embodiment for transmission power adaptation with reduced
transition time. A specific signaling is used to notify a UE that a cell transmission power (or cell-
specific RStransmission power) is changed by avalue in dB. The signaling may be a UE specific
high layer signaling (e.g., RRC), physical layer signaling (e.g., in PDCCH/EPDCCH), or in
common channels. Upon receiving the signal, the UE updates its path loss estimate, which may
(or may not) affect the UE's uplink transmission power (due to the existence of closed-loop
uplink power control) and compensate its CSI measurements based on the relations of the power
levels between the RS power and the EPRE ratio that the UE should assume in generating CS
measurement report. Figure 18 illustrates the relation between power levels of different signals.
Generally, the CRS power is signaled in the system information and/or RRC configuration. This
power level may be subject to power adaptation. The control channel (CCH) power isrelative to
the CRS power within the range of (-6,+4)dB. The PDSCH power isrelative to the CRS power
andtheratio issignaled asthevalues , or g, wherethevalue ,isused on OFDM symbols
without CRSand gisused on OFDM symbols with CRS. The CSI-RS power isrelative to the
PDSCH power without CRS, and the ratio Pc isthe assumed ratio of PDSCH EPRE to CSI-RS
EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1dB step
size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH
EPRE to the cell-specific RS (CRS) EPRE isthevalue . Therefore, if the CRS power
undergoes an adaptation, the UE should accordingly update its CCH power, PDSCH power, CSI-
RS assumed power, and hence the CSI measurement report is also be updated to reflect the power
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change. The power may be used to offset the UE's measurement results, and the UE may need to
recomputed its CSl, including RI, PMI, and precoded CQI and MCS level accordingly. The UE's
pathloss estimate isbased on CRS measurement, so the pathloss estimate needs to be updated to
reflect the power change. Otherwise, the UE would send UL signals based on outdated pathloss
estimate, which may betoo high (causing high interference) or too low (unable to be decoded by
the eNB). The power change can be used to offset the UE's pathloss estimate and hence the UL
transmission power.

Other potential issues for network adaptation include the coverage issue if a small cell or
aCCisalowed to beturned off or reduce its (common channel transmission) power. However, if
a coverage layer isused, such asamacro layer, the coverage issue can beresolved by relying on
the coverage layer. Furthermore, idle UEs can aso be supported if they are camped on the
coverage layer, which can be allowed in the current cell selection mechanism. Therefore, network
coverage and idle UE support can be ensured if a coverage layer (e.g., macro layer) exists. To
prevent a UE form camping under a small cell performing on/off, the small cell may be
blacklisted.

Figure 19isablock diagram of a processing system 1900 that can be used to implement
various embodiments. For instance the processing system 1900 can be part of aUE, an eNB, a
low power node, or other network devices. Specific devices may utilize all of the components
shown, or only a subset of the components, and levels of integration may vary from device to
device. Furthermore, adevice may contain multiple instances of a component, such as multiple
processing units, processors, memories, transmitters, receivers, etc. The processing system 1900
may comprise aprocessing unit 1901 equipped with one or more input/output devices, such asa
speaker, microphone, mouse, touchscreen, keypad, keyboard, printer, display, and the like. The
processing unit 1901 may include a central processing unit (CPU) 1910, amemory 1920, a mass
storage device 1930, avideo adapter 1940, and an 1/O interface 1960 connected to abus. The bus
may be one or more of any type of severa bus architectures including a memory bus or memory
controller, aperipheral bus, avideo bus, or the like.

The CPU 1910 may comprise any type of electronic data processor. The memory 1920
may comprise any type of system memory such as static random access memory (SRAM),
dynamic random access memory (DRAM), synchronous DRAM (SDRAM), read-only memory
(ROM), a combination thereof, or the like. In an embodiment, the memory 1920 may include
ROM for use at boot-up, and DRAM for program and data storage for use while executing
programs. In embodiments, the memory 1920 isnon-transitory. The mass storage device 1930
may comprise any type of storage device configured to store data, programs, and other
information and to make the data, programs, and other information accessible via the bus. The
mass storage device 1930 may comprise, for example, one or more of a solid state drive, hard disk
drive, amagnetic disk drive, an optical disk drive, or the like.
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The video adapter 1940 and the 1/O interface 1960 provide interfaces to couple external
input and output devices to the processing unit. Asillustrated, examples of input and output
devices include a display 1990 coupled to the video adapter 1940 and any combination of
mouse/keyboard/printer 1970 coupled to the 1/O interface 1960. Other devices may be coupled to
the processing unit 1901, and additional or fewer interface cards may beutilized. For example, a
seria interface card (not shown) may be used to provide a serial interface for a printer.

The processing unit 1901 aso includes one or more network interfaces 1950, which may
comprise wired links, such asan Ethernet cable or the like, and/or wireless links to access nodes
or one or more networks 1980. The network interface 1950 allows the processing unit 1901 to
communicate with remote units via the networks 1980. For example, the network interface 1950
may provide wireless communication via one or more transmitters/transmit antennas and one or
more receivers/receive antennas. In an embodiment, the processing unit 1901 is coupled to a
local-area network or awide-area network for data processing and communications with remote
devices, such as other processing units, the Internet, remote storage facilities, or the like.

While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present examples
areto be considered asillustrative and not restrictive, and the intention isnot to be limited to the
details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

In addition, techniques, systems, subsystems, and methods described and illustrated in the
various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure.
Other items shown or discussed as coupled or directly coupled or communicating with each other
may beindirectly coupled or communicating through some interface, device, or intermediate
component whether electrically, mechanicaly, or otherwise. Other examples of changes,
substitutions, and alterations are ascertainable by one skilled in the art and could be made without

departing from the spirit and scope disclosed herein
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WHAT ISCLAIMED IS
1 A method supporting network adaptation by a network component, the method
comprising:

receiving, by the network component, a discovery reference signal (DRS) from a network
controller, the network controller being in a switch-off transmission mode;

performing, by the network component, measurements according to the DRS;

reporting the measurements to anetwork associated with the network controller;

receiving, at the network component, aradio resource control (RRC) signaling from the
network, the RRC signaling including configuration information allowing a connection between
the network component and the network controller; and

connecting the network component to the network controller in accordance with the
configuration information.
2. The method of claim 1 further comprising:

receiving, at the network component, a signaling from the network, the signaling
indicating a change in transmission power of areference signal associated with the network
component; and

updating a path loss parameter at the network component in accordance with the change
in transmission power.
3. The method of claim 2 further comprising:

modifying a power level of transmission a the network component according to the
updated path loss; and

compensating for channel status indicator reference signal (CSI-RS) based measurements
at the network component according to the updated path loss.
4, The method of claim 1, wherein the measurements are radio resource management
(RRM) measurements.
5. The method of claim 1, wherein the network component is connected to a second network

controller prior to receiving the DRS from the network controller.

6. The method of claim 5, wherein the RRC signaling is received viathe second network
controller.
7. The method of claim 5 further comprising performing a handover procedure from the

second network controller to the network controller upon connecting the network component to
the network controller.
8. The method of claim 5, wherein the network controller isasmall cell, and wherein the
second network controller isone of amacro cell and a second small cell associated with the
network.
9. A network component supporting network adaptation, the network component
comprising:

20-



10

15

20

25

30

35

WO 2014/183083 PCT/US2014/037578

at least one processor; and

anon-transitory computer readable storage medium storing programming for execution
by the at least one processor, the programming including instructions to:
receive a discovery reference signal (DRS) from a cell, the cell being in a switch-off transmission
mode;

perform measurements according to the DRS;

report the measurements to a network associated with the cell;

receive aradio resource control (RRC) signaling from the network, the RRC signaling
including configuration information allowing a connection between the network component and
the cell; and

connect the network component to the cell in accordance with the configuration
information.
10. The network component of claim 9, wherein the programming includes further
instructions to:

detect a signaling from the network, the signaling indicating a change in transmission
power of areference signal associated with the network component; and

update apath loss parameter at the network component in accordance with the change in
transmission power.
11. The network component of claim 10, wherein the programming includes further
instructions to:

modify apower level of transmission at the network component according to the updated
path loss; and

compensate for channd status indicator reference signal (CSI-RS) based measurements at
the network component according to the updated path loss.
12, The network component of claim 9, wherein the measurements are radio resource
management (RRM) measurements including at least one of areference signal received power
(RSRP) and areference signal received quality (RSRQ).
13. The network component of claim 9, wherein the network component is auser egquipment
(UE).
14. A method supporting network adaptation by anetwork controller, the method comprising:

receiving, by the network controller, areport of discovery reference signal (DRS) based
measurements from a user equipment (UE), the DRS based measurements performed by the UE
upon receiving a DRS from a second network controller in a switch-off transmission mode;

sending, by the network controller to the second network controller, one of arequest to
turn on transmission at the second network controller and a request to serve the UE by the second

network controller; and

21-



10

15

20

25

WO 2014/183083 PCT/US2014/037578

sending, by the second network controller to the UE, aradio resource control (RRC)
signaling including configuration information allowing a connection between the UE and the
second network controller.
15. The method of claim 14 further comprising sending, by the network controller to the UE,
asignaling indicating a change in transmission power of areference signal associated with the
UE.
16. The method of claim 14, wherein the signaling is one of aradio resource control (RRC)
signaling and aphysical layer signaling.
17. A network controller supporting network adaptation, the network controller comprising:

at least one processor; and

anon-transitory computer readable storage medium storing programming for execution
by the at least one processor, the programming including instructions to:

receive areport of discovery reference signal (DRS) based measurements from a user
equipment (UE), the DRS based measurements performed by the UE upon receiving a DRS from
a second network controller in a switch-off transmission mode;

send to the second network controller one of arequest to turn on transmission & the
second network controller and arequest to serve the UE by the second network controller; and

send aradio resource control (RRC) signaling to the UE, the RRC signaling including
configuration information allowing a connection between the UE and the second network
controller.
18. The network controller of claim 17, wherein the programming includes further
instructions to send, to the UE, a signaling indicating atransmission power change of areference
signal associated with the UE.
19. The network controller of claim 18, wherein the signaling is one of aradio resource
control (RRC) signaling and a physical layer signaling.
20. The network controller of claim 17, wherein the network controller is one of amacro cell

and a small cell, and wherein the second network controller is a second small cell
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