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COMMUNICATIONS SYSTEM RADIO COVERAGE RECONFIGURATION BASED ON
AVAILABLE CAPACITY OF A COMPENSATION CELL

PRIQRITY
[0001]  The present application claims priority to Provisional Application No.
£1/864,474 entitled “Methods for Managing Resources for Transitions Between Cell
Coverags Configurations”, fitled August 08, 2013, assigned to the assignee hereof, and

hereby expressly incorporated by reference.

FIELD

[0002] The invention generally relates to wireless communications and more
particularly to apparatuses, systems, and methods for changing communications
systems’ radio coverage configuration based on available capacity of one or more

compensation cells,

BACKGROUND

[0003] Many wireless communication systems employ transceiver stations or radio
heads to provide service within geographical service areas, where the boundaries of a
service area are determined by the radio coverage of its associated transceiver station.
Wirelass service is provided to user equipment {UE) devices over radio frequency
carriers {carriers) within each service area, whera a carrier is the modulated waveform
that conveys the physical channels as specified by the associated wireless technology
standard. These sendce areas are sometimes referred to as “cells”.

[0004]  Although the term “cell' sometimes refers to the geographical area where
multiple uplink and downlink resources (e.g., pairs of uplink and downlink carriers) are
used, increasingly the term “cell” Is used to refer to the geographical service area whers
single uplink resource and a single downlink resource are used to communicate with the
UE devices. For example, where Time Division Duplex (TDD) is used, a single
frequency may be used for uplink and downlink at different times within the “cell”. Whare
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Frequency Division Duplex (FDD) is used, a single uplink/downiink frequency pair (one
uplink frequency and one downlink frequency) is used within a “cell”.

[0005]  As discussed herain, one or more resources (carrier pairs) may be used ina
service area. As a result, a service area may be a single cell or may contain mutlliple
cells. In one common arrangement, each service area is adjacent {o several other
service areas o provide ubiguitous coverage over a large geographical area.

[0006]  Adjacent service areas may overlap slightly, but, for the following discussion,
no service areas provide service within the same geographical arga. In many situations,
there may be an advantage to dynamically change the configuration of the service
areas, such as by selectively reducing the size of some service areas and expanding
the size of one or more other service areas lo provide service within the area previously
serviced by the service areas that were reduced, Such dynamic coverage area
configuration transitions may allow for more efficient operation of the system.

[0007] Forexample, a service area with only a small number of UE devices may be
reduced to zero by deactivating its associated transcelvers, and an adjacent service
area that is serving several UE devices but has available capacily may be expanded to
provide radio coverage for the UE devices previously contained in the reduced service
area. Therefore, a service area that is reduced may be referred o as an energy saving
service area since the energy consumed by its associated transceivers is reduced or
eliminated, and a service area that is reduced to zero may be referred to as a
deactivated service area. A service area that is expanded in cooperation with a service
area that is reduced may be referred to as compensation service area since its service

area is expanded to compensate for a service area that is reduced.

[0008] UE devices being served by an energy saving service area may lose their
connection with the network if they are not handed over to another service area before
the energy saving service area is deactivated. If the energy saving service area and tha
compensation service area operate on the same frequency resources, UE devices
being served by an energy saving service area may lose their connection with the
network if the compensation service area is expanded before the UE devices are
handed over to another service area because of the interference between the energy
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saving service area and the compensation service ares. As discussed below,
management techniques are nesded to control the dynamic coverage area

configuration transitions.

SUMMARY

[0009]  In a cellular communication system, a coverage area configuration transition
is performed when it is determined that the resources allocated to a compensation
service area have sufficient available capacity to serve one or more UE devices being
served by an energy saving service area. in reconfiguring the coverage areas of the
system, the compensation service area is expanded to cover at least a portion of an
energy saving service area of an energy saving cell and the energy saving service area
is at least partially deactivated. A compensation communication station providing the
compensation service area sends a request for a coverage area configuration transition
to an energy saving communication station, and the energy saving communication
station may reject the coverage area configuration transition or may accept it and send
an expansion notification to the compensation communication station, where the
notification at least indicates that the compensation service area can be expanded.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1is an Hustration of coverage areas in a cellular communication system.
[0011]  FIG. 2 is an illustration of a coverage transition where the energy saving
service area (ES SA)} is deactivated and the compensation service area (Comp. 8A} is
expanded to provide wireless service within the geographical region of the energy
saving service area.
[0012] FIG. 3 includes illustrations of a coverage area transition where the
compensation service area is expanded to cover more than one energy saving service
area.
[0013] FIG. 4 is a message flow diagram between the compensation communication
station, the enargy saving communication station, and the UE devices.
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[0014] FIG. 5 is a method of operating the system shown in FIG, 1.

DETAILED DESCRIPTION

[0015]  Ina caliular communication system, a coverage area configuration transition
is performed when it is determined that the resources allosated to a compensation
service area have sufficient avallable capacity to serve one or more UE devices being
served by an energy saving service area. in reconfiguring the coverage area of the
system, the compensation service area {e.g., compensation communication station
coverage area) is expanded to include at least a portion of an area covered by the
energy saving communication station. For example, the expanded compensation
service area would cover an energy saving service area of an energy saving cell and
the ensrgy saving service area is deactivated.

[0016]  FIG. 1is an illustration of coverage areas in a cellular conynunication system
100 where coverage area transitions are based on the available capacity of a
compensation cell, For the example of FIG. 1, an ensrgy saving communication station
provides wireless service within a geographical service area represented by a circular
area of an energy saving cell and a compensation communication station provides
wireless service within a geographical service area representsd by a circular area of a
compensation cell, In typical implementations of the cellular communication system 100,
several adjacent cells cover larger geographical regions. In the interest of brevity and
clarity, however, FIG. 1 shows only two cells 104, 108. The circular shapes representing
the service areas of the cells generally ilustrate the relationships between the cells and
do not necessarily depict the actual shapes of the service areas. The coverage area
configuration transition management techniques discussed with reference ta FIG. 1 may
be applied to numerous coverage atea configuration transition scenarios. For example,
several energy saving cefls may be deactivated and a compensation cell may be
expanded fo cover the geographical service areas of the multiple energy saving cells in
accordance with the techniques discussed herein, The cells may have any of several

shapes and sizes.
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[0017] Communication stations 108, 112 transmit and receive wirelass signals to
provide the cefls 104, 106. Each communication station 108, 112, which also may be
referred 1o as an access node, access point, eNodeB, eNB, base station, and other
terms, includes a transceiver and station controlier. The controller in each
communication station is configured to perform the various methods and operations
described herein. The transceiver, or radio head, is typically coliocated with the station
controller although, in some situations, the station controller may be physically
separated from the radio head. The radio head at least includes radio frequency {RF)
transceiver equipment such as antennas, transmitters, and recelvers, for transmitting
and receiving wireless signals. Typically, radio heads do not include higher level
processing and control functions which are performed by the associated station
controller. For the flustration of FIG. 1, the radio heads are near a station controller
whers both the radio head and the controller may be implementsd within a single
apparaius. Since the location, shape, and size of the cell is determined at least in part
by wireless transmission and reception with the communication station, the cell’s
location and coverage area is determined by the location and operation of the radio
head. The compensation communication station 108 provides the compensation cell
104 and an energy saving communication station 112 provides the energy saving cell
106. Each communication station 108, 112, therefore, provides wireless communication
services to wireless communication user equipment devices (UE devices) 114, 116, 118
within the cell where each call covers a geographical service area. Communication
stations typically provide several cells, but in the interest of brevity and dlarity,
communication stations 108 and 112 each provide one cell and the full radio and data
processing capacity of communication stations 108 and 112 are applied to the service
of the cell they provide. Accordingly, for the example shown in FIG. 1, the available
capacity of a cell is equivalent to the available capacity of the communication station
that provides the cell. As discussed herein, a communication station includes the
equipment such as a station controller and radio head that provides a single cell.
Accordingly, a communication station can be configured or adjusted to establish the
size and shape of the service area of the cell. Several communication stations are
typically interconnected through a backhaul {(not shown) and fo a network {not shown} to
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provide several sarvice areas fo cover large areas. The backhaul may include any
combination of wired, optical, and/or wirsless communication channels, For the
examples herein, the network includes the functionality of the Mobility Management
Entity (MME) and the Packet Gateway (P-GW).

[0018] A cellular communication system is typically required to adhere to a
communication standard or specification. The communication specification defines at
least 5 data channel and a control channet for uplink and downlink ransmissions and
spacifies at least some timing and frequency parameters for physical downlink control
channels from a base station 1o a wireless communication device. The Third-Gensration
Partnership Project Long-Term Evolution (3GPP LTE) communication specification is a
specification for systems where communication stations (eNodeBs) provide service fo
wireless communication devices (UE devices) using orthogonal frequency-division
multiplexing {OFDM) on the downlink and single-carrier frequency-division muttiple
access {(SC-FDMA) on the uplink. Although the techniques described hersin may be
applied in other types of communication systems, the exemplary systems discussed
herein operate in accordance with an FDD 3GPP LTE communication specification.

[0019] Therefore, for the examples herein, the compensation communication station
108 includes a wireless transceiver that fransmits downlink signals 120 to ons or mora
UE devices 114 within the compensation cell 104 in accordance with 3GPP LTE and
receives uplink signals 122 from one or more UE devices 114 within the compensation
cell 104 in accordance with 3GPP LTE. The energy saving communication station 112
includes a wireless transceiver that transmits downlink signals 126 and 130 to one or
more UE devices 118, 118 within the energy saving cell 108 in accordance with 3GPP
LTE and receives uplink signals 124 and 128 from one or more UE devices 116, 118
within the energy saving cell 108 in accordance with 3GPP LTE.

[0020] The User Equipment (UE) devices 114, 116, 118 may be referred to as
mobile devices, wireless devices, wireless communication devices, and mobile wireless
devices, and UEs, as well as by other terms. The wireless communication devices
include electronics and code for communicating with communication stations (eNBs)
and, in some cases, with other devices including other UE devices. The UE devices
include devices such as smart phones, cell phones, personal digital assistants (PDAs),
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wireless modem cards, wireless modems, televisions with wireless communication
alectronics, and laptop and desktop computers, as well as other devices. The
combination of wireless communication electronics with an electronic device, therefors,
may form a wireless communication device. For example, a wireless communication
device may include a wireless modem connected fo an appliance, computer, or

{elevision.

[0021] i some instances, the compensation communication station 108 uses the
same frequency channel to provide the compensation cell 104 as the energy saving
communication station uses fo provide the energy saving cefl 108, For the example of
FIG. 1, the same set of downlink/uplink frequency channel pairs may be assigned for
the compensation cell 104 and the energy saving cell 108, In the cell configuration
shown in FIG. 1, communications in the compensation cell do not interfere with
communications in energy saving cell 108 when both cells use the same frequency
channel since the service areas of the cells do not overlap. When the compensation cell
and enargy saving cell use the same frequency channel and the service area of the
compensation cell is expanded as discussed below, the compensation cell will interfere
with the UE devices served by the energy saving cell if not managed in some manner.

[0022]  First, the compensation communication station 108 determines a traffic ioad
of the compensation cell. As used herein, the term “traffic load” generally refers to an
amount of communications resources of a particular cefl that are being used by the UE
devices that are being served by the cell. Traffic load can be expressed in an absolute
tarms of as a measurement relative to the total resources {e.g., capacity) of the cell.

[0023] Regardiess of how the traffic load is expressed, if the traffic load of the
compensation cell is below a first threshold level, the traffic load of the energy saving
cell is determined. More specifically, the compensation communication station 108
transmits a request 132 for the traffic load of the energy saving communication station
112. The enargy saving communication station responds by transmitting the traffic load
indicator 134 that is indicative of the traffic load of the energy saving communication
station to the compensation communication station 108. Based at least on the traffic
load of the energy saving cell and the availlable capacily of the compensation cell, the
compensation communication station 108 determines whether the compensation cell



WO 2015/019178 PCT/IB2014/001947

8-

can serve the UE devices 118, 118 being served by the snergy saving communigation
station 112 if the compensation service area were 1o be sxpanded 10 include the energy
saving service area. When determining whether the compensation celf can serve the
traffic load of the energy saving cell, the compensation communication station may take
inta consideration the amount of the enargy saving cell's traffic load that could be
transferred to other cells. This information could be oblained from the energy saving
communication station or from a centralized {raffic management server, of if might be
determined by the compensation communication station based on traffic load reports
received from other communication stations. In response {0 a determination that the
compensation cell can serve the UE devices 1186, 118 being served by the energy
saving cell, the compensation communication station 108 initiates a transition of the

radio coverage area configuration.

[0024] In the example shown in FIG. 1, the coverage area configuration transition
consists of expanding the compensation service area, handing over the UE devices
being served by the energy saving cell, and deactivating the energy saving cell. In
general, ali of the UE devices being served by the energy saving cell are handed over to
one or more compensation celle {or neighboring cells that do not expand their coverage
area) before the energy saving cell reduces the amount of energy being used, and the
compensation coverage area is expanded to include the entire area of the energy
saving service area. However, in other instances, the anargy saving cell’s activity may
only be partially reduced and a compensation service area may be expanded to include
only a part of the energy saving service area. The energy saving cell may hand over
one or more UE devices and still continue to serve one or more remaining UE devices.
When the energy saving cell hands over all of its UE devices, the reduction of energy
will generally include switching off or deactivating the energy saving cell 1086. in other
circumstances, the reduction of energy could include: reducing the size of the service
area being served by the energy saving cell 108, reducing the broadcast strength of the
signals 126, 130 being transmitted by the energy saving communication station 112,
andlor reducing the number of UE devices being served by the energy saving cell 106,

[0025] FIG. 2 is an illustration of a coverage transition where the anergy saving
service area (ES SA) 106 is deactivated and the compensation service area {Comp.



WO 2015/019178 PCT/IB2014/001947

5

SA} 104 is expanded o provide wireless service within the geographical region of the
energy saving service area 108. In the example of FIG. 2, a coverage transition within
the systern of FIG. 1 is shown progressing through three stages. In the interests of
clarity and brevity, two UE devices 116, 118, are shown in the example.

[0026] In the first stage 202, the UE devices 118, 118 are communicating over
wireless communication links 204, 206 with the communication station 112 of the
energy saving service area 108, For the example, the UE devices 116, 118 are at least
raceiving control signals and may also be transmitting control signals and exchanging
data with the communication station 112 prior to the coverage transition. The coverage
ransition may be initiated in response o a determination that the energy saving service
area 106 should be deactivated and the compensation service area 104 should be
gxpanded. Such a determination may be based on any number of several factors and
circumstances where some examples include the resource load on the energy saving
service area 106 and the compsnsation service area 104, For example, the resource
load of the energy saving service ares may at least partly be based on the amount of
time and frequency resources being used by all of the UE devices 118, 118 within the
service arga. The determination for deactivating the energy saving service area 108
may he based on whether the resources allocated to the compensation service area
104 have sufficient available capacily to provide service 1o the UE devices 118, 118
within the ES service arsa 1086. As another example, the determination for deactivating
an energy saving service area 108 may be based on a particular time, day, month, slc.,
whare an operator has determined that the treffic load at this time can be managed
without the enargy saving service area 108. In response to the determination that the
energy saving service area 106 should be deactivated, the coverage transition is
initiated.

[0027] In FIG. 2, when it is determined that the compensation cell’s traffic load may
be sufficiently low o allow the deactivation of the energy saving cell 1086, the
compensation communication station 108 obiains the current traffic load of the energy
saving cell 106, The compensation communication station 108 may already have this
information because of previously received traffic load information or it may reguast the
information based on existing methods. When the level of the fraffic load of the energy
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saving cell 106 does not exceed the available capacity of the resources allocated to the
compensation coverage area 104, the compensation communication station 108 sends
2 message to the energy saving communication station 112 to request a cell coverage
configuration transition. The energy saving communication station 112 sends &
response massage that indicates whether the request is accepted or not. For the
purpose of this illustration, the cell coverage configuration transition would consist of the
expansion of the coverage area 104 of the compensation cell 1o include the energy
saving coverage area 106 and the deactivation of the energy saving service area 106.

[0028]  When the compensation communication station 108 receives a response
message from the energy saving communication station 112 with an "accept” indication,
the coverage transition may be initiated, which is the second stage 208. The
compensation communication station 108 initiates the expansion of the compensation
service area and the energy saving communication station 112 initiates the handover
procedures for the UE devices 118, 118 currently receiving wireless service from the
energy saving communication station 112. The UE devices 116, 118 are handed over
from the energy saving cell to other cells according to the typical LTE handover
procedures. UE devices 118, 118 may be handed over to the compensation cell 104
when the compensation cell’s coverage of the energy saving service area 1086 allows it
to be 2 suitable handover target for the UE.

[0029]  After the compensation cell expansion is complate, the compensation
communication station 108 notifies the energy saving communication station 112. After
the energy saving communication station 112 receives notification that the
compensation cell expansion is complete and all of the UE devices 116, 118 are
handed over o other cells, at the third stage 210 of the transition procedurs, the energy
saving service area 108 is deactivated. The circle representing the energy saving
service area 106 is shown with a dashed fine to indicate that the cell is no longer active.
As a result, the energy saving communication station (eNB) 112 does not provide
wireless service within the energy saving service area 106 by transmitting or receiving
wireless signals. For the example herein, the energy saving communication station 112
is tumned off and consumes little or no power, and the UE devices 116, 118 are
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communicating over wireless communication links 212, 214 with the compensation
communication station 112 of the expanded compensation service area 104,

10030] FIG. 3 includes Hlustrations 300, 301 of a coverage area transition where the
compensation service area is expanded to cover more than one energy saving service
area. The circular shapes representing the service areas generally lustrate the
refationships between the service areas and do not necessarily depict the actual shapes
of the service areas. In addition, the service areas may overlap in some regions more
than in other regions. The open areas shown between the circular shaped service areas
in the figure do not pecessarily indicate that no service is available in these areas and
are meraly a product of llustration ulilizing simple shapes to represent a more
complicated relationship between service areas. Further, the service areas may contain
holes of coverage where service is unavailable, in the interasts of clarity and brevity,
such features are not illustrated in the figures.

[0031] For the example of FIG. 3, the region 102 includes the geographical areas of
saveral smaller service areas 104, 108, 302, 304, 308, 308, 310 including the
compensation service area 104 and three energy saving service areas 106, 302, 304. In
state 300 bafore the compensation area is expanded, the energy saving service areas
108, 302, 304 have coverage areas adjacent to the compensation service area 104, In
state 301 after the compensation service area is expanded, the compensation service
area 312 has a coverage area that includes the original coverage area of the
compensation service area 104 and at least portions of the coverage areas of the
gnergy saving service areas 106, 302, 304. The expanded compensation setvice area
312, therefore, is the compensation service area 104 with a larger coverage area, The
anergy saving service areas are shown with dashed lines in the coverage state 301 to
ilustrate that the service areas have been deactivated. The coverage area transition
procedure for multiple energy saving service areas is similar to the transition procedure
for a single energy saving service area discussed above. In one example, the
compensation service area expands to cover each energy saving service area senially.
in other words, the compensation service area is expanded to cover a first energy
saving service area before a second energy service area. In such an example, all UE
devices in the first energy saving service area are handed over o the compensation
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service area, the compensation service area is expanded to cover the first energy
saving service area, and the UE devices are transferred to the compensation service
area prior to the procedure baing performad for next energy saving service area. In the
sxamples discussad below, however, the compensation service area is expanded to
cover multiple energy saving service area areas in a single coverage area transition
procadure. In this example, all UE devices from all energy saving service areas are
handed over to the compensation service area, the compensation service area is
expanded, and all the UE devices complete the handovers to the compensation service
arsa. In some circumstances, some UE devices may be transferred to neighboring
small service areas (308, 310} instead of the compensation service area. In these
instances, the small service areas 306, 310 may act as additional compensation
sommunication stations and may remain the same size or may sxpand/reduce their

respactive compensation service areas, as ngeded.

[0032] In some situations, a first compensation service area {e.g., first compsnsation
communication coverage area) is only expanded to cover a portion of the energy saving
service area, and one or mors additional compensation communication stations gach
expand their respective coverage areas to include any portion of the energy saving
service area that is not covered by the expanded first compensation communication

station coverage area.

[0033] FIG. 4 is a message flow diagram 400 between the compensation
communication station 108, the energy saving communication station 112, and the UE
devices 116, 118. For the example, the communication stations are eNBs that
communicate through the backhaul over an X2 fink in accordance with LTE
communication standards. Other communication technigues can be used in some
gircumstances. More specifically, the communication stations could communicate
wirglessly in somea circumstances.

[0034] For the example shown in Fig. 4, in response 1o determining that the traffic
load of the compensation cell is balow a first threshold level, the compensation
communication station {compensation cell eNB) 108 sends a request 402 to the energy
saving communication station (ES eNB) 112 for the traffic load of the energy saving cell.
In response o the request, the energy saving communication station 112 transmits 404
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a traffic load indicator {e.q., indicator 134 from Fig. 1) indicative of its current traffic load
ta the compensation communication station 108. Based at least on the traffic load of the
snergy saving cell and the available capacity of the compensation cell, the controlier of
the compensation communication station 108 determines whether the compensation
cell can setve the UE devices 118, 118 that are being served by the energy saving

communication station 112.

[0035]  If it is determined that the compensation communication station 108 can
serve the UE devices 118, 118 being served by the energy saving cell, the
compensation communication station 108 sends a request to the energy saving
communication station 112 to initiate a transition of the cell coverage configuration for
the energy saving cell. In the example shown in FIG. 4, this request is a Cell Status
Change Reguest 406. The energy saving communication station 112 sends a response
to the compensation communication station 108 accepting or rejecting the request to
initiate a transition of the cell coverage configuration for the energy saving cell. In this
example, the response is a Cell Status Change Response 408. The Cell Slatus
Change Response 408 is an example of the Expansion Notification and indicates to the
compensation communication station 108 that the compensation service area can be
expanded. In one example, the Cell State Change messages 406/408 are part of a
dedicated procedure for this feature that is added to a standard specification. In other
circumstances, the Cell State Change messages 406/408 functions may be
incorporated into messaging structures and procedures currently defined by a
communication standard, such as the Load Management or eNB Configuration Update
procedures contained in the LTE communication standard. in either case, modifications
of the LTE communication standard can facilitate the communication.

[0036] A partof the transition of the cell coverage configuration is that the
compensation cell is reconfigured such that its coverage area is expanded to include
the coverage area being served by the energy saving cell. The expansion of the
compensation service area Is initiated by the compensation communication station 108
after receiving the Cell Status Change Response 408 with an indication that the energy
saving communication station 112 accepts the request fora transition of the cell
coverage configuration for the energy saving cell. The compensation communication
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station 108 increases fransmission power and performs other known techniques for
expanding the compensation service area to cover the energy saving service area. For
example, fechnigues such as antenna tilting and antenna beam forming may be used o
provide an expanded setvice araa of the compensation cell that covers the original
service area of the energy saving service ares as well as the original service area of the
compensation service area.

{00371  Where multiple energy saving service areas are deactivated, the
compensation service area is expanded to cover those service areas. In one axample,
the parameters for establishing the expanded coverage area are determined at the time
of aquipment deployment. For exampls, signal quality measurements may be made and
the parameters may be determined using the signal measurements at the time of or
after equipment instaflation. Accordingly, the compensation communication station
applies stored values or values it has received from an QOperations and Maintenance
{OAM) system to expand the service area to cover the areas of the energy saving

service areas that have been desctivated.

[0038] The UE devices 118, 118 are handed over from the energy saving celi to
other cells according to the typical LTE handover procedures. A UE device may be
handed over o the compensation cell when the compensation cell's coverage of the
energy saving service area allows it {o be a suitable handover targst for the UE. As
flustrated in FIG, 4, handover messages 410 for the first UE device 1186 are exchanged
betwesn the communication stations 108, 112 and handover messages 412 for the nth
UE device 116 are exchanged between the communication stations 108, 112, Whaen all
of the UE devices 118, 118 are handed over o other cells and the compensation cell
has completed its coverage expansion fo include the energy saving service area, the
energy saving service area 106 is deactivated. As discussed herein, a service area is
“deactivated” when it no longer transmits downlink signals to UE devices and does not
raceive or process uplink signals from UE devices. Therefore, a deactivated service
area cannct provide wireless service to UE devices. The communication station that
provides the energy saving service area stilf includes active functions and is not tumed
off. For example, the communication station is still capable of communicating with other

communication stations and/or the network.
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[0039] In some circumstances, a communication station configuration update
message may be sent from the energy saving communication station 112 to other
cormmunications stations indicating that the energy saving service area is no longer
active. The other communication stations include at least the neighbor stations of the
enargy saving service area and may include other communication stations that require
information regarding the status of the energy saving service area. For example, this
functionality could be added to the LTE X2 interface eNB Configuration Update
message that communication stations use to notify other communication stations about

configuration changes of their service areas (celis}.

[0040]  Also, in some circumstances, a communication station configuration update
message may be sent from the compensation communication station 108 {o the other
communications stations indicating that the compensation service area has been
expanded. The other communication stations include at least the neighbor stations of
the energy saving service area and the compensation service area and may include
other communication stations that require information regarding the status of the
compensation service area. For sxample, this functionality could be added to the LTE
X2 interface eNB Configuration Update message that communication stations use to
notify other communication stations about configuration changes of their service areas.

[0041] FIG. 5 illustrates a method 500 of operating system 100. Al step 502, 2
controfler of the compensation communication station 108 determines a traffic load of
the compensation cell. At step 504, if the traffic load of the compensation
communication station 108 is below a first threshold level, the compensation
communication station 108 transmits a request 132 for the traffic load of the energy
saving communication station 112. The energy saving communication station 112
responds by transmitting the traffic load indicator 134 indicative of the traffic load of the
anergy saving communication station 112 o the compensation communication station
108.

[0042] At step 508, based at least on the traffic load of the energy saving cell and the
available capacity of the compensation cell, the compensation communication station
108 determines i the compensation cell can serve the UE devices 118, 118 being
served by the energy saving cell. In some circumstances, determining whether the
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compensation cell can serve one or more of the UE devices 118, 118 being served by
the energy saving cell includes determining whether the traffic load of the energy saving
cell is less than or aqual to the available capacity of the compensation cell.

[0043] i it is determined that the compensation cell cannot serve the UE devices
1186, 118 being served by the energy saving cell, the compensation communication
station 108 fransmits a request to the energy saving communication station 112 that the
energy saving communication station 112 transmits a traffic load report or other
indication to the compensation communication station 108 when the traffic load of the
anergy saving cell falls below a second threshold level.

[0044] In some situations, the determination that the compensation cefl cannot serve
the UE devices 118, 118 being served by the energy saving cell includes determining
that the traffic load of the energy saving cell is more than a capacity threshold based on
the available capacity of the compensation cell. For example, the capacity threshold
could be 80% of the available capacity of the compensation cell. . Of course, the
capacity threshold could be any suitable threshold amount, based on system
capabiliies, requirements, expected traffic demands, and any other pertinent criteria.
When it is determined that the traffic load of the energy saving cell is more than the
capacity threshold based on the available capacity of the compensation cefl, the
compensation communication station 108 transmits the request to the energy saving
communication station 112 that the energy saving communication station 112 fransmits
a report to the compensation communication station 108 when the traffic load of the
energy saving cell falls below a second threshold level. In some situations, the second
threshold level may be updated as the traffic load of the compensation cell changes.

[0045] Regardless of the exact method used to determine that the compensation cell
cannot serve the UE devices 116, 118 being served by the energy saving cell, the
energy saving communication station 112 transmits, at step 508, the requested report to
the compensation communication station 108 when the traffic load of the energy saving
call falls below the second threshold level. In response to a determination that the
compensation cell can serve the UE devices 116, 118 bsing served by the energy
saving cell and the enetrgy saving communication station 112 accepting the request for
a transition of the cell coverage configuration for the energy saving cell, the
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compensation cell is reconfigured, at step 510, such that its coverage is expanded fo
inciude the coverage area being served by the energy saving cell. The UE devices 118,
118 are handed over from the energy saving cell to other cells according to the typical
LTE handover procedures. A UE device may be handed over to the compensation cell
when the compensation cell's coverage of the energy saving service area allows it to be
a suitable handover target for the UE. When all of the UE devices 116, 118 are handed
over to other cells and the compensation cell has completed is coverage expansion to
include the energy saving service area, the energy saving service area 106 is
deactivated. . in the example shown in FIG. 1, the reduction of energy includas
switching off or deactivating the energy saving cefl 106. In other situations, the reduction
of energy includes: reducing the size of the service area being served by the energy
saving cell 106, reducing the broadcast strength of the signals 126, 130 being
transmitted by the energy saving communication station 112, and/or reducing the
number of UE devices being served by the energy saving cell 106,

[0048]  Clearly, other modifications and manners of praclicing this invention will ocour
readily to those of ordinary skill in the art in view of these teachings. The above
description s illustrative and not restrictive. This invention is to be limited only by the
following claims, which include all such modifications and manners of practice when
viewed in conjunction with the above specification and accompanying drawings. The
scope of the invention should, therefore, be determined not with reference to the above
description, but instead should be determined with reference to the appended claims

along with their full scope of equivalents.
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CLAIMS

1. A mathod comprising:

determining a traffic load of s first compensation communication station;

if the traffic load of the first compensation communication station is below a first
threshold level, determining a traffic load of an energy saving communication statiory

determining, based at least on the traffic load of the energy saving
communication station and an available capacity of the first compensation
communication station, whather the first compensation communication station can serve
one of more user equipment devices (UE devices) being served by the energy saving
communication station;

in responsea to determining that the first compensation communication station can
serve one or more UE devices being served by the energy saving communication
station, reconfiguring the first compensation communication station such that the first
compensation communication station can serve the one or more UE devices being
served by the energy saving communication station;

handing over at least one of the UE devices from the anargy saving
communication station to the first compensation communication station; and

reducing an amount of energy used by the energy saving communication station.

2. The method of claim 1, wherein the determining whether the first compensation
communication station can serve one or more UE devices being served by the energy
saving communication station comprises:

determining whether the traffic load of the energy saving communication station
is less than or equal to the available capacity of the first compensation communication
station.

3. The method of claim 1, wherein reconfiguring the first compensation
communication station comprises:

expanding & first compensation communication station coverage area to include
at least a portion of an area covered by the energy saving communication station.
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4, The mathod of claim 3, whersin expanding the first compensation communication
station coverage area comprises:

expanding the first compensation communication station coverage area fo
include all of the area covered by the energy saving communication station.

5, The method of claim 3, wherein one or more additional compensation
communication stations expand their respective coverage areas to include any portion
of the area covered by the energy saving communication station that is not covered by
the expanded first compensation communication station coverage area,

8. The method of claim 1, whersin handing over at least one of the UE devices
comprises:

handing over all of the UE devices being served by the energy saving
communication station to the first compensation communication station.

7. The method of claim 1, wherein reducing the amount of energy used by the
snergy saving communication station comprises:
deactivating the energy saving communication station.

8, The method of claim 1, further comprising:

if the traffic load of the energy saving communication station is more than a
capacity threshold based on the available capacity of the first compensation
communication station, requesting that the energy saving communication station
tfransinits a report to the first compensation communication station when the traffic load
of the energy saving communication station falls below a second threshold level; and

transmitting the requested report to the first compensation communication station
when the traffic load of the energy saving communication station falls below the second
thrashold level.
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Q. The method of claim 1, further comprising:
fransmitting a request to initiate & transition of a cell coverage configuration;
transmitting a response fo the requsst o initiate a transition of the cell coverage
configuration; and
if the response is an acceptance, initiating a transition of the cell coverage

configuration.

10. A compensation communication station, comprising:
a controfer configured to determine a fraffic load of the compensation
communication station; and
a transmitter configured to transmit a request for a traffic load of an energy
saving communication station if the traffic load of the compensation communication
station is below a first threshold level,
wherein the controller is further configured to
detarmine, based on at least the traffic load of the energy saving
communication station and an available capacity of the compensation
communication station, whether the compensation communication station can
serve one of more user equipment devices (UE devices) being served by the
energy saving communication station,
in response to determining that the compensation communication station
can serve one or more UE devices being served by the energy saving
communication station, reconfigure the compensation communication station
such that the compensation communication station can serve one or more UE
devices being served by the energy saving communication station, and
receive at least one of the UE devices being handed over from the energy
saving communication station {o the compensation communication station.

11.  The compensation communication station of claim 10, wherain the controller is
configired to determine that the compensation communication station can serve one or
more UE devices being served by the energy saving communication station if the traffic
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load of the energy saving communication station is less than or equal to the available
capacity of the compensation communication station.

12.  The compensation communication station of claim 10, wherein the controller is
further configured to

expand a compensation communication station coverage area to include at least
a portion of an area covered by the energy saving communication station.

13.  The compensation communication station of claim 12, wherein the controller is
further configured {o

expand the compensation communication station coverage area to include all of
the area covered by the energy saving communication station.

14,  The compensation communication station of claim 10, whersin the contralier is
further configured to:
receive all of the UE devices being handed over from the energy saving

communication station o the compensation communication station.

15.  The compensation communication station of claim 10, wherein the controller is
further configured to:

if the traffic load of the energy saving communication station is more than a
capacily threshold based on the available capacity of the compensation communication
station, request that the energy saving communication station transmits a report to the
compensation communication station when the traffic load of the energy saving
communication station falls below a second threshold level.

16. A system, comprising:
a compensation communication station, comprising:
a controfler configured to determine a traffic load of the compensation
communication sfation, and
a transmitter; and
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an energy saving communication station, comgprising:

a receiver configured 1o receive a request, transmitted by the
compensation communication station, for a traffic load of the energy saving
communication station if the traffic load of the compeansation communication
station is below a first threshold level, and

a transmitler condigured to transmit the traffic load of the energy saving
communication station to the compensation communication station,
wherein the controller is further configurad to:

determine, based on at least the traffic load of the energy saving
communication station and an available capacity of the compensation
communication station, whether the compensation communication station can
serve one or more user equipment devices {(UE devices) being served by the
energy saving communication station,

in response o determining that the compensation communication station
can sarve one or more UE devices being served by the energy saving
communication station, reconfigure the compensation communication station
such that the compensation communication station can serve one or more UE
devices being served by the energy saving communication station, and

receive at least one of the UE devices being handed over from the energy

saving communication station fo the compensation communication station.

17.  The system of claim 18, whersin the controller is configured to determine that the
compansation communication station can serve one or more UE devices being served
by the energy saving communication station if the traffic load of the energy saving
communication station is less than or equal to the available capacity of the
compensation communication station.

18.  The system of claim 18, wherein the controller is further configured to:
expand a compensation communication station coverage area to include at least
a portion of an area covered by the energy saving communication station.
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18,  The system of claim 18, wherein the controller is further configured to:
expand the compansation communication station coverage area o include alf of
the area coverad by the energy saving communication station.

20.  The system of claim 18, wherein one or more additional compensation
cormmunication stations expand their respective coverage areas to include any portion
of the area covered by the snergy séving communication station that is not covered by
the sxpanded compensation communication station coverage area.

21, The system of claim 18, whaerein the controller is further configured {o:
receive all of the UE devices being handed over from the energy saving
communication station to the compensation communication station.

22.  The system of claim 18, wharein the energy saving communication station is
configured fo deactivate after handing over at least one of the UE devices.

23.  The system of claim 16, wherein the controlier is further configured to

if the traffic load of the energy saving communication station is more than a
capacity threshold based on the available capacity of the compensation communication
station, request that the energy saving communication station fransmits a report to the
compensation communication station when the traffic load of the energy saving
sommunication station falls below a second threshold level; and

receive the requested report when the fraffic load of the energy saving
communication station falls below the second threshold level,
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