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transmitter and a radio-node receiver. A method of operating the secondary ra-
dio-node may include monitoring through the radio-node receiver of the sec-
ondary radio-node to detect user terminal signals transmitted to the primary ra-
dio-node while maintaining the secondary radio-node in a sleep mode. Respon-
sive to detecting user terminal signals during monitoring in the sleep-mode, op-
eration of the secondary radio-node may be changed from the sleep mode to an



w o 2012/005657 AT [l oo il vorstl bl enedhl i

EE, ES, Fl, FR, GB, GR, HR, HU, IE IS, IT, LT, LU, . . .
— d inventorship (Rule 4.17(iv))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE S|, S,

SM, TR), OAPI (BF, BJ CF, CG, Cl, CM, GA, GN, GQ,  Published:
GW, ML, MR, NE, SN, TD, TG).

— with international search report (Art. 21(3))
Declarations under Rule 4.17:



10

15

20

25

30

WO 2012/005657 PCT/SE2011/050805

SECONDARY RADIO-NODES FOR MOBILE COMMUNICATIONS NETWORKS
AND RELATED METHODS

TECHNICAL FIELD
The present invention relates to radio communications, and more particularly, to

mobile communications networks including radio-nodes defining respective coverage
areas.
BACKGROUND

A mobile communications network may include aplurality of spaced apart radio-
nodes (also referred to as base stations) defining respective radio-node coverage areas (also
referred to as cells). A mobile user terminal (e.g., a cellular radiotelephone) may thus
communicate through aradio-node defining the radio-node coverage areain which the user
terminal islocated. By providing overlap between radio-node coverage areas of adjacent
radio-nodes, a continuous network coverage area may be defined, and continuous
communications for amoving user terminal may be provided using a hand-off of the user
termina from one radio-node to the next as the user terminal moves from one radio-node
coverage areato the next.

Primary radio-nodes may provide coverage across an entirety of the network
coverage area, but primary radio-nodes may not provide sufficient capacity to satisfy
demand for communications in high density/traffic areas and/or during high density/traffic
times. For example, arelatively high demand for communications may occur along a
heavily traveled road during ahigh traffic period (e.g., during rush hour). In order to
satisfy this relatively high demand, secondary radio-nodes may be provided in/along these
high density/traffic areas.

SUMMARY
The invention provides methods and devices for operating aradio-node in amobile
communications network as et out in the appended claims. According to some
embodiments of the present invention, amethod of operating a secondary radio-node in a

mobile communications network is provided where the secondary radio-node includes a
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radio-node transmitter and aradio-node receiver and where the mobile communications
network includes aprimary radio-node. The method includes monitoring through the
radio-node receiver of the secondary radio-node to detect user terminal signals transmitted
to the primary radio-node while maintaining the secondary radio-node in asleep mode. In
addition, operation of the secondary radio-node is changed from the sleep mode to an
active mode responsive to detecting user terminal signals during monitoring in the sleep-
mode.

In the sleep mode, the radio-node transmitter of the secondary radio-node may be in
alow power mode. In the sleep mode, for example, the radio-node transmitter of the
secondary radio-node may be off, and in the active mode, the radio-node transmitter of the
secondary radio-node may be on. In accordance with some embodiments the radio-node
transmitter of the secondary radio-node, for example, includes a modulator, a frequency
generator, and/or apower amplifier, and the modulator, the frequency generator, and/or the
power amplifier may beturned off in the sleep mode to conserve power. Inthe active
mode, the modulator, the frequency generator, and the power amplifier may be turned on
to support active mode communications. Transmission of a control channel from the
secondary radio-node during the sleep mode may be suppressed, but during the active
mode, a control channel may be transmitted from the secondary radio-node.

The primary radio-node and the secondary radio-node can in accordance with some
embodiments define respective overlapping primary coverage area and secondary coverage
area, and detecting user terminal signals includes detecting user terminal signals
transmitted from auser terminal operating in the secondary coverage areato the primary
radio-node. In addition, communications with the user terminal can in accordance with
some embodiments be provided from the secondary radio-node responsive to changing
operation of the secondary radio-node to the active mode. More particularly, the
communications with the user terminal isin some embodiments received at the radio-node
receiver of the secondary radio-node and transmitted from the radio-node transmitter of the
secondary radio-node.

After terminating communication between the user terminal and the secondary
radio-node, operation of the secondary radio-node isin some embodiments changed from
the active mode to the sleep mode. Monitoring to detect user terminal signals in some
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embodiments include monitoring over frequencies used by the primary radio-node. The
primary radio-node and the secondary radio-node in some embodiments operate over a
same frequency band, monitoring in some embodiments include monitoring the frequency
band to detect user terminal signals, and the communications with the user terminal isin
some embodiments received a the radio-node receiver of the secondary radio-node over
the frequency band. The primary radio-node and the secondary radio-node in some
embodiments operate using respective different first and second frequency bands,
monitoring in some embodiments include monitoring the first frequency band to detect
user terminal signals, and the communications with the user terminal isin some
embodiments received at the radio-node receiver of the secondary radio-node over the
second frequency band.

Monitoring to detect user termina signals in some embodiments include
monitoring received signal strength (e.g., RSSI) over frequencies used by the primary
radio-node without decoding and/or without converting to baseband, and the secondary
radio-node is in some embodiments changed from the sleep mode to the active mode
responsive to the received signal strength exceeding areceived signal strength threshold.
Monitoring to detect user termina signals in some embodiments include monitoring a
number of user terminals transmitting over frequencies used by the primary radio-node,
and the secondary radio-node isin some embodiments changed from the sleep mode to the
active mode responsive to the number of user terminals exceeding athreshold number of
user terminals.

The secondary radio-node in some embodiments provide a Radio Access
Technology (RAT) that is unavailable from the primary radio-node, and monitoring in
some embodiments include monitoring to detect user terminal signals from auser terminal
compatible with the Radio Access Technology provided by the secondary radio-node.
Changing operation of the secondary radio-node (from the sleep mode to the active mode)
in some embodiments include providing communications with the user terminal from the
secondary radio-node according to the Radio Access Technology (that is unavailable from
the primary radio-node) so that the communications with the user terminal are received at
the radio-node receiver of the secondary radio-node and transmitted from the radio-node
transmitter of the secondary radio-node.
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According to some other embodiments of the present invention, a secondary radio-
node is provided in amobile communications network with aprimary radio-node, and the
secondary radio-node include aradio-node transmitter, aradio-node receiver, and a
processor. The processor is coupled to the radio-node transmitter and to the radio-node
receiver of the secondary radio-node. Moreover, the processor isin some embodiments
configured to monitor through the radio-node receiver to detect user terminal signals
transmitted to the primary radio-node while maintaining the secondary radio-node in a
sleep-mode. The processor isin some embodiments further configured to change
operation of the secondary radio-node from the sleep mode to an active mode responsive to
detecting user terminal signals during monitoring in the sleep-mode.

In the sleep mode, the radio-node transmitter of the secondary radio-node may bein
alow power mode. In the sleep mode, for example, the radio-node transmitter of the
secondary radio-node may be off, and in the active mode, the radio-node transmitter of the
secondary radio-node may be on. The radio-node transmitter of the secondary radio-node,
in some embodiments include amodulator, afrequency generator, and/or a power
amplifier, and the modulator, the frequency generator, and/or the power amplifier may be
turned off in the sleep mode to conserve power. In the active mode, the modulator, the
frequency generator, and the power amplifier may be turned on to support active mode
communications. Transmission of acontrol channel from the secondary radio-node during
the sleep mode may be suppressed, but during the active mode, a control channel may be
transmitted from the secondary radio-node.

The primary radio-node and the secondary radio node in some embodiments define
respective overlapping primary coverage area and secondary coverage area. The processor
is in some embodiments configured to monitor to detect through the radio-node receiver
user terminal signals transmitted from auser terminal operating in the secondary coverage
areato the primary radio-node. The processor isin some embodiments also configured to
provide communications with the user terminal through the radio-node transmitter and the
radio-node receiver responsive to changing operation of the secondary radio-node to the
active mode.

The radio-node receiver of the secondary radio-node in some embodiments include

an active mode receiver configured to receive communications during active mode
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operation and a sleep mode receiver configured to detect user terminal signals during sleep
mode operation. The processor isin some embodiments also configured to change
operation of the secondary radio-node from the active mode to the sleep mode after
terminating communication between the user terminal and the secondary radio-node.

The processor isin some embodiments configured to monitor to detect user
terminal signals by monitoring over frequencies used by the primary radio-node. The
primary radio-node and the secondary radio-node in some embodiments operate over a
same frequency band, the processor and the radio-node receiver of the secondary radio-
node is in some embodiments configured to monitor the frequency band to detect user
terminal signals, and the processor and the radio-node receiver of the secondary radio-node
is in some embodiments configured to receive communications from the user terminal over
the frequency band. The primary radio-node and the secondary radio-node in some
embodiments operate using respective different first and second frequency bands, the
processor and the radio-node receiver of the secondary radio-node isin some embodiments
configured to monitor the first frequency band to detect user terminal signals, and the
processor and the radio-node receiver of the secondary radio-node is in some embodiments
configured to receive communications from the user terminal over the second frequency
band. The radio-node receiver of the secondary radio-node in some embodiments include
an active mode receiver configured to receive communications over the second frequency
band during active mode operation and a sleep mode receiver configured to monitor the
first frequency band during sleep mode operation.

The processor isin some embodiments configured to monitor received signal
strength over frequencies used by the primary radio-node without decoding and/or without
converting to baseband, and the processor is in some embodiments configured to change
the secondary radio-node from the sleep mode to the active mode responsive to the
received signa strength exceeding areceived signal strength threshold. The processor isin
some embodiments configured to monitor anumber of user terminals transmitting over
frequencies used by the primary radio-node, and the processor is in some embodiments
configured to change the secondary radio-node from the sleep mode to the active mode

responsive to the number of user terminals exceeding athreshold number of user terminals.
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The processor, the radio-node receiver, and the radio-node transmitter of the
secondary radio-node isin some embodiments configured to provide communications
according to aRadio Access Technology (RAT) that is unavailable from the primary radio-
node. The processor and the radio-node receiver of the secondary radio-node isin some
embodiments configured to detect user terminal signals from auser terminal compatible
with the Radio Access Technology provided by the secondary radio-node. The processor
is in some embodiments configured to provide communications with the user terminal
from the secondary radio-node according to the Radio Access Technology so that the
communications with the user terminal are received a the radio-node receiver of the
secondary radio-node and transmitted from the radio-node transmitter of the secondary
radio-node.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure lis aschematic diagram of amobile communications network according to
some embodiments of the present invention.

Figure 2 isablock diagram of a secondary radio-node according to some
embodiments of the present invention.

Figure 3isablock diagram of aradio-node transmitter of a secondary radio-node
according to some embodiments of the present invention.

Figures 4A and 4B are block diagrams of radio-node receivers of a secondary
radio-node according to some embodiments of the present invention.

Figure 5isablock diagram of a sleep-mode receiver of a secondary radio-node
according to some embodiments of the present invention.

Figure 6is aflow chart illustrating operations of a secondary radio-node according

to some embodiments of the present invention.

DETAILED DESCRIPTION
The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the invention are shown. This
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invention may, however, be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather, these embodiments are provided so
that this disclosure will bethorough and complete, and will fully convey the scope of the
invention to those skilled in the art.

It will be understood that, when an element isreferred to as being "connected”,
"coupled", "responsive", or variants thereof to another element, it can be directly
connected, coupled, or responsive to the other element or intervening elements may be

present. In contrast, when an element isreferred to asbeing "directly connected”, "directly
coupled”, "directly responsive", or variants thereof to another element, there are no
intervening elements present. Like numbers refer to like elements throughout.
Furthermore, "coupled", "connected”, "responsive”, or variants thereof as used herein may
include wirelessly coupled, connected, or responsive. The terminology used herein is for
the purpose of describing particular embodiments only and is not intended to be limiting of
the invention. Asused herein, the singular forms "a’, "an" and "the" are intended to
include the plural forms aswell, unless the context clearly indicates otherwise. Well-
known functions or constructions may not be described in detail for brevity and/or clarity.

It will be understood that, although the terms first, second, etc. may be used herein
to describe various elements, these elements should not be limited by these terms. These
terms are only used to distinguish one element from another. For example, afirst element
could be termed a second element, and, similarly, a second element could betermed afirst
element, without departing from the scope of the present invention. Asused herein, the
term "and/or" includes any and all combinations of one or more of the associated listed
items.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. It will be further understood that terms, such asthose
defined in commonly used dictionaries, should beinterpreted as having ameaning that is
consistent with their meaning in the context of this specification and the relevant art and
will not be interpreted in an idealized or overly formal sense expressly so defined herein.

Asused herein, the term Radio Access Technology (RAT) may include, for

example, operations in any of the following Radio Access Technologies. Advanced Mobile
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Phone Service (AMPS), ANSI- 136, Global Standard for Mobile (GSM) communication,
General Packet Radio Service (GPRS), enhanced data rates for GSM evolution (EDGE),
DCS, PDC, PCS, code division multiple access (CDMA), wideband-CDMA, CDMA 2000,
Universal Mobile Telecommunications System (UMTS), 3GPP LTE (3" Generation
Partnership Project Long Term Evolution). For example, GSM operation can include
reception/transmission in frequency ranges of about 824 MHz to about 849 MHz and about
869 MHz to about 894 MHz. EGSM operation can include reception/transmission in
frequency ranges of about 880 MHz to about 914 MHz and about 925 MHz to about 960
MHz. DCS operation can include transmission/reception in frequency ranges of about
1710 MHz to about 1785 MHz and about 1805 MHz to about 1880 MHz. PDC operation
can include transmission in frequency ranges of about 893 MHz to about 953 MHz and
about 810 MHz to about 885 MHz. PCS operation can include transmission/reception in
frequency ranges of about 1850 MHz to about 1910 MHz and about 1930 MHz to about
1990 MHz. 3GPP LTE operation can include transmission/reception in frequency ranges
of about 1920 MHz to about 1980 MHz and about 2110 MHz to about 2170 MHz. Other
Radio Access Technologies and/or frequency bands can also be used in embodiments
according to the invention.

Asused herein, the terms "comprise”, "comprising”, "comprises’, "include",
"including”, "includes’, "have", "has’, "having", or variants thereof are open-ended, and
include one or more stated features, integers, elements, steps, components or functions but
does not preclude the presence or addition of one or more other features, integers,
elements, steps, components, functions or groups thereof. Furthermore, asused herein, the
common abbreviation "e.g.", which derives from the Latin phrase "exempli gratia,” may be
used to introduce or specify ageneral example or examples of apreviously mentioned
item, and isnot intended to be limiting of such item. If used herein, the common
abbreviation "i.e.", which derives from the Latin phrase "id est,” may be used to specify a
particular item from amore general recitation.

Exemplary embodiments are described herein with reference to block diagrams
and/or flowchart illustrations of computer-implemented methods, apparatus (systems
and/or devices) and/or computer program products. It isunderstood that ablock of the

block diagrams and/or flowchart illustrations, and combinations of blocks in the block
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diagrams and/or flowchart illustrations, can be implemented by computer program
instructions that are performed by one or more computer circuits. These computer
program instructions may be provided to a processor circuit of a general purpose computer
circuit, special purpose computer circuit, and/or other programmable data processing
circuit to produce amachine, such that the instructions, which execute via the processor of
the computer and/or other programmable data processing apparatus, transform and control
transistors, values stored in memory locations, and other hardware components within such
circuitry to implement the functions/acts specified in the block diagrams and/or flowchart
block or blocks, and thereby create means (functionality) and/or structure for implementing
the functiong/acts specified in the block diagrams and/or flowchart block(s).

These computer program instructions may also be stored in a computer-readable medium
that can direct acomputer or other programmable data processing apparatus to function in
aparticular manner, such that the instructions stored in the computer-readable medium
produce an article of manufacture including instructions which implement the
functiong/acts specified in the block diagrams and/or flowchart block or blocks.

A tangible, non-transitory computer-readable medium may include an electronic,
magnetic, optical, electromagnetic, or semiconductor data storage system, apparatus, or
device. More specific examples of the computer-readable medium would include the
following: aportable computer diskette, arandom access memory (RAM) circuit, aread-
only memory (ROM) circuit, an erasable programmable read-only memory (EPROM or
Flash memory) circuit, a portable compact disc read-only memory (CD-ROM), and a
portable digital video disc read-only memory (DV D/BlueRay).

The computer program instructions may also be loaded onto a computer and/or
other programmable data processing apparatus to cause a series of operational steps to be
performed on the computer and/or other programmable apparatus to produce a computer-
implemented process such that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the functions/acts specified in the
block diagrams and/or flowchart block or blocks.



10

15

20

25

30

WO 2012/005657 PCT/SE2011/050805
10

Accordingly, embodiments of the present invention may be embodied in hardware
and/or in software (including firmware, resident software, micro-code, etc.) that runs on a
processor such as adigital signal processor, which may collectively bereferred to as
"circuitry,” "amodule" or variants thereof.

It should also be noted that in some alternate implementations, the functions/acts
noted in the blocks may occur out of the order noted in the flowcharts. For example, two
blocks shown in succession may in fact be executed substantially concurrently or the
blocks may sometimes be executed in the reverse order, depending upon the
functionality/acts involved. Moreover, the functionality of a given block of the flowcharts
and/or block diagrams may be separated into multiple blocks and/or the functionality of
two or more blocks of the flowcharts and/or block diagrams may be at least partially
integrated. Finally, other blocks may be added/inserted between the blocks that are
illustrated. Moreover, although some of the diagrams include arrows on communication
paths to show aprimary direction of communication, it isto be understood that
communication may occur in the opposite direction to the depicted arrows.

Many different embodiments are disclosed herein, in connection with the following
description and the drawings. It will be understood that it would be unduly repetitious and
obfuscating to literally describe and illustrate every combination and subcombination of
these embodiments. Accordingly, the present specification, including the drawings, shall
be construed to constitute a complete written description of all combinations and
subcombinations of the embodiments described herein, and of the manner and process of
making and using them, and shall support claimsto any such combination or
subcombination.

For purposes of illustration and explanation only, various embodiments of the
present invention are described herein in the context of user terminals (e.g., "wireless user
terminals’, "wireless communication terminals’, "wireless terminals’, "terminals’, etc.)
that are configured to carry out cellular communications (e.g., cellular voice and/or data
communications). It will beunderstood, however, that the present invention isnot limited
to such embodiments and may be embodied generally in any wireless communication

terminal that is configured to transmit and receive according to one or more RATS.
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According to some embodiments of the present invention shown in the schematic
diagram of Figure 1, amobile communications network in some embodiments include a
plurality of primary radio-nodes 103a and 103b (also referred to as macro-layer radio-
nodes, macro-layer base stations, primary base stations, etc.) and a secondary radio-node
101 (also referred to as amicro-layer radio-node, amicro-layer base station, a secondary
base station, etc.). The primary radio-nodes 103a and 103b in some embodiments define
respective primary coverage areas 107a and 107b, the secondary radio-node 101 in some
embodiments define a secondary coverage area 109, and secondary coverage area 109 may
overlap primary coverage area 107a and/or primary coverage area 107b. Moreover,
secondary coverage area 109 may beincluded within primary coverage area 107a and/or
within primary coverage area 107b, and network management node 111 may facilitate
operations of and communications between primary and secondary radio-nodes 103a,
103b, and 101.

Network management node 111 may provide data connection/communication (e.g.,
viawired connection, wireless radio connection, fiber optic connection, microwave
connection, and/or combinations thereof) between primary and secondary radio-nodes
1033, 103b, and 101, and network management node 111 may provide balancing of data
communications between radio-nodes, coordination of hand-offs between radio-nodes,
connection to other communications networks (e.g., a Public Switched Telephone network
(PSTN), the Internet, etc.), etc. Functionality of Network Management Node 111may be
provided a asingle site separate from radio-nodes, distributed across different sites
separate from radio-nodes, distributed among radio-nodes, distributed among radio-nodes
and one or more sites separate from the radio-nodes, etc.

Primary and secondary radio-nodes 103 and 101 may be deployed according to a
hierarchical network architecture with the primary radio-nodes being deployed initialy as a
macro-layer to provide service/coverage for a service area. One or more secondary radio-
nodes 101 (e.g., micro-base stations, relays, repeaters, etc.) may be deployed subsequently
to provide extra capacity in high traffic areas, to provide enhanced services (e.g., increased
data rate services, mobile internet access, etc.), to provide improved coverage, to provide
improved service quality, to provide a Radio Access Technology (RAT) not available
through primary base stations 103, etc. A network operator may thus initially deploy
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primary radio-nodes 103 to support communications services over a service area according
to aRAT available at the time of initia deployment, and then, the network operator may
later deploy secondary radio-nodes 109 over time to selectively add capacity and/or to
support one or more subsequent RATs. With secondary radio-node(s) 101 providing
relatively small coverage area(s) 109 (as compared with primary coverage areas 107
provided by primary radio-nodes 103), anetwork operator may selectively upgrade
capacity/service over time in relatively high traffic areas.

If secondary radio-node 101 isprovided to increase network capacity in ahigh
traffic area (e.g., along aportion of aheavily traveled road), secondary radio-node 101 may
only be needed during high traffic times (e.g., during rush hour traffic) when demand for
network services in secondary coverage area 109 exceeds a capacity provided by primary
radio-nodes 103a and/or 103b. Similarly, if secondary radio-node 101 provides a RAT not
supported by primary radio-nodes 103a and/or 103b, secondary radio-node 101 may only
be needed when user terminals 105 supporting the RAT not supported by primary radio-
nodes 103a and/or 103b arein secondary coverage area 109. Primary radio-nodes
103a/103b, for example, may support one or more RATS providing voice, paging, and
basic packet data services without providing broadband service, and secondary radio-node
may provide voice, paging, basic packet data, and broadband services in relatively high
traffic areas. During low traffic periods in secondary coverage area 109 and/or when there
isno demand for service in secondary coverage area 109 using aRAT not provided by
primary radio-node 103a/103b, secondary-radio node 101 may be unneeded.

According to some embodiments of the present invention, secondary radio-node
101 may operate in a sleep mode when not needed with its transmitter off to conserve
power. While in the sleep mode, secondary radio-node 101 may monitor to detect signals
transmitted to aprimary radio-node 103 (e.g., uplink signals), and secondary radio-node
101 may change operation to an active mode with its transmitter on to provide additional
capacity/service asneeded. Once the capacity/service isno longer needed in secondary
coverage area 109, secondary radio-node may change operation back to the sleep mode to
conserve power. Decisions to change operation of secondary radio-node 101 from the
active mode to the sleep mode and/or from the sleep mode to the active mode may be made

a secondary base station 101 and/or at network management node 111.
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As shown in the block diagram of Figure 2, secondary radio-node 101 may include
radio-node transmitter 201, radio-node receiver 203, processor 205, and antenna 207, and
processor 205 may be coupled to radio-node transmitter 201 and to radio-node receiver
203 of secondary radio-node 101. More particularly, processor 205 may be configured to
monitor through radio-node receiver 203 to detect uplink signals from user terminals 105a
and/or 105b (in secondary coverage area 109) transmitted to primary radio-node 103a
and/or 103b while maintaining the secondary radio-node 101 in the sleep-mode with radio-
node transmitter 201 of the secondary radio-node 101 off. Responsive to detecting user
terminal uplink signals (transmitted by user terminals 105a and/or 105b) during monitoring
in the sleep mode, processor 205 may be configured to change operation of secondary
radio-node 101 from the sleep mode with radio-node transmitter 201 off to the active mode
with radio-node transmitter 201 on responsive to detecting user terminal uplink signals.
Processor 205 may thus maintain secondary radio-node 101 in the sleep mode with radio-
node transmitter 201 off as long as a sufficient threshold of user terminal activity is not
detected. Because an entirety of secondary coverage area 109 isincluded in primary
coverage area 107a and/or 107b, network coverage for the entire coverage area may be
maintained intact even when secondary radio-node 101 isin the sleep mode.

Asshown in the block diagram of Figure 3, radio-node transmitter 201 may include
modulator 301, frequency generator 303, and power amplifier 305. Inthe sleep mode,
processor 205 may be configured to turn off modulator 301, frequency generator 303,
and/or power amplifier 305 to conserve power. Accordingly, processor 205 may be
configured to suppress transmission of acontrol channel (e.g., abroadcast control channel)
from secondary radio-node 101 during the sleep mode. During the active mode, the
processor 205 may be configured to turn modulator 301, frequency generator 303, and
power amplifier 305 on to support active mode communications including transmission of
acontrol channel (e.g., abroadcast control channel). Asnoted above, decisions to switch
secondary radio-node 101 between the sleep and active modes may be made at processor
205 of the secondary radio-node 101 and/or a network management node 111, and/or
decisions to switch secondary radio-node 101 between sleep and active modes may be
shared between processor 205 and network management node 111. Moreover,

functionality of processor 205 may be provided at secondary radio-node 101, a network
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management node 111, and/or shared between secondary radio-node 101 and network
management node.

While in the sleep mode, processor 205 may be configured to monitor (through
radio-node receiver 203) to detect user terminal uplink signals transmitted from user
terminal 105a and/or 105b (operating in secondary coverage area 109) to primary radio-
node 103a and/or 103b. Upon detecting a sufficient threshold of user terminal activity in
secondary coverage area 109, processor 205 may be configured to change operation of
secondary radio-node 101 to the active mode and to provide communications with user
terminal 105a and/or 105b through radio-node transmitter 201 and radio-node receiver 203.
According to some embodiments of the present invention, processor 205 may detect an
ongoing communication (e.g., aradiotelephone voice communication, a data text
communication, a client/server network communication, etc.) between user terminal
105a/105b and primary radio-node 103a/103b, and processor 205 may change operation of
secondary radio-node 101 from the sleep mode to the active mode to effect a hand-off of
the existing communication with user terminal 105a/105b from primary radio-node
103a/103b to secondary radio node 101. According to some other embodiments of the
present invention, processor 205 may detect arequest by user terminal 105a 105b for
communication (transmitted to primary radio-node 103a/103b), and responsive to detecting
the request from communication, processor 205 may change operation of secondary radio-
node 101 from the sleep mode to the active mode so that the communication isinitiated
between user terminal 105a/105b and secondary radio-node 101 and no hand-off is
required.

According to some embodiments of the present invention, radio-node receiver 203
of secondary radio-node 101 may include a single receiver chain used for both active and
sleep mode operations with low noise pre-amplifter 405 and receiver 401a, as shown in
Figure 4A. Receiver 401a and processor 205 may thus be configured during sleep mode to
monitor to detect user terminal signals by monitoring over frequencies used by the primary
radio-node 103. More particularly, primary radio-nodes 103a and/or 103b and secondary
radio-node 101 may operate over a same frequency band using a same RAT, and processor
205 and receiver 401a of the secondary radio-node 101 may be configured to monitor the

frequency band during the sleep mode to detect user terminal signals. Moreover, processor
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205 and receiver 401a may be configured to receive communications from user terminal
105a and/or 105b during the active mode over the same frequency band that is monitored
during the sleep mode. Primary radio-nodes 103a/103b and secondary radio-node 101, for
example, may operate according to asame RAT using the same frequency band or using
different frequency bands of asame RAT allowing use of a same receiver chain for
scanning during the sleep mode and for communications during the active mode.
Accordingly, primary radio-nodes 103a/103b and secondary radio-node 101 may operate
on different frequencies of the same frequency band of the same RAT. Receiver 401a may
thus be used for both sleep mode monitoring and for active mode reception so that extra
equipment for sleep mode monitoring/detection may not berequired. During the Sleep
mode, receiver 401a may betuned to frequencies used by primary radio-nodes 103a/103b,
and during the active mode, receiver 401a may betuned to frequencies used by secondary
radio-node 101. In an alternative to conserve power, a separate sleep mode receiver may
provide ameasure of received signa strength (e.g., RSSI) without downconverting to
baseband and/or without decoding.

According to some embodiments of the present invention, receiver 401a and
processor 205 may be configured to fully process (e.g., convert to baseband and decode)
signals transmitted from user terminals 105a/105b to primary radio-nodes 103a/103b
during sleep mode operations. Accordingly, processor 205 may be able to
determine/estimate numbers of user terminals 105a/105b in coverage area 109, capabilities
of user terminals 105a/105b in coverage area 109, distances of user terminals 105a/105b
from secondary radio-node 101, etc., and processor 205 may use this information to
determine when to transition between sleep and active modes. Processor 205, for example
may transition from the sleep mode to the active mode responsive to anumber of user
terminals 105 in coverage area 109 exceeding athreshold number of user terminals for a
threshold period of time, responsive to one or more user terminals in coverage area 109
requesting a communications service provided by secondary radio-node 101 that isnot
provided by primary radio-nodes 103a/103b, etc.

According to some other embodiments of the present invention, receiver 401a and
processor 205 may be configured during the sleep mode to monitor received signa

strength over frequencies used by the primary radio-node 103 without decoding and/or
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without converting to baseband. Receiver 401a and/or processor 205, for example, may be
configured to generate aReceived Signal Strength Indication (RSSI) indicative of an
aggregate signal strength of signals transmitted from user terminals 105 in coverage area
109 to primary radio-nodes 103. Accordingly, processor 205 may be configured to change
secondary radio-node 101 from the sleep mode to the active mode responsive to the
received signal strength exceeding areceived signal strength threshold. More particularly,
processor 205 may be configured to change secondary radio-node 101 from the sleep mode
to the active mode responsive to the received signa strength exceeding the received signal
strength threshold for athreshold period of time. By monitoring only areceived signa
strength, elements of receiver 401a used for decoding and/or baseband conversion may be
turned off during the sleep mode to further conserve power, and then turned on during the
active mode.

According to some other embodiments of the present invention, radio-node receiver
203 of secondary radio node 101 may include separate active mode and sleep mode
receivers 401b' and 401b", as shown in Figure 4B. More particularly, switch 407 may
provide coupling between low noise pre-amplifier 405b and sleep mode receiver 401b"
with active mode receiver 401b' off during the sleep mode, and switch 407 may provide
coupling between low noise pre-amplifier 405b and active mode receiver 401b" with sleep
mode receiver 401b" off during the active mode. Separate receiver chains as shown in
Figure 4B may allow monitoring different frequency bands and/or monitoring different
RATSs using sleep mode receiver 401b" during the sleep mode than those received using
active mode receiver 401b' during the active mode, and/or separate receiver chains may
allow use of arelatively low power sleep mode receiver 401b" that monitors areceived
signal strength (e.g., RSSI) without converting to baseband and/or without decoding.

Active mode receiver 401b' may thus be configured to receive communications
during active mode operation, and sleep mode receiver 401b" (e.g., a Scanning receiver)
may be configured to detect user terminal signals during sleep mode operation. More
particularly, active mode receiver 401b' and sleep mode receiver 401b" may be configured
to receive over respective different and non-overlapping frequency bands of the same or
different RATS, with active mode receiver 401b' used to provide active mode

communications between secondary radio-node 101 and user terminals 105 during the
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active mode, and with sleep mode receiver 401b" used to provide monitoring of
frequencies/RATSs used by primary radio-nodes 103 during the sleep mode.

According to some embodiments, primary and secondary radio-nodes 103 and 101
may operate using respective first and second different frequency bands of a same RAT
(e.g., 850 MHz and 2100 MHz), with processor 205 and sleep mode receiver 401b" being
configured to monitor the first frequency band to detect user terminal signals during the
sleep mode with active mode receiver 401b' off. During the active mode, processor 205
and active mode receiver 401b' may be configured to receive communications from the
user terminal 105 over the second frequency band with sleep mode receiver 401b" off.
Sleep mode receiver 401b™ may monitor communications between user terminals 105 and
primary radio-nodes 103 (including converting to baseband and decoding) during the sleep
mode so that numbers of user terminals, capabilities of user terminals, distances of user
terminals, etc. in coverage area 109 may be determined/estimated. In an aternative, sleep
mode receiver 401b" may monitor an aggregate received signal strength (without
converting to baseband and/or without decoding) with active mode receiver 401b' off to
reduce power consumption during the sleep mode operation, and active mode receiver
401b" may receive communications during active mode operation with sleep mode
receiver 401b" off.

According to some embodiments, primary and secondary radio-nodes 103 and 101
may operate using respective first and second different frequency bands of respective first
and second different RATS, with processor 205 and sleep mode receiver 401b" being
configured to monitor the first frequency band of the first RAT to detect user terminal
signals during the sleep mode with active mode receiver 401b' off. During the active
mode, processor 205 and active mode receiver 401b" may be configured to receive
communications from user terminals 105 over the second frequency band of the second
RAT with sleep mode receiver 401b" off. Sleep mode receiver 401b" may monitor
communications between user terminals 105 and primary radio-nodes 103 (including
converting to baseband and decoding) during the sleep mode so that numbers of user
terminals, capabilities of user terminals, distances of user terminals, etc. in coverage area
109 may be determined/estimated. In an alternative, sleep mode receiver 401b" may
monitor an aggregate received signal strength (without converting to baseband and/or



10

15

20

25

30

WO 2012/005657 PCT/SE2011/050805
18

without decoding) with active mode receiver 401b' off to reduce power consumption
during the sleep mode operation, and active mode receiver 401b" may receive
communications during active mode operation with sleep mode receiver 401b" off.

According to some embodiments, primary and secondary radio-nodes 103 and 101
may operate using a same frequency band and a same RAT, with processor 205 and sleep
mode receiver 401b" being configured to monitor the frequency band to detect user
terminal signals during the sleep mode with active mode receiver 401b' off. During the
active mode, processor 205 and active mode receiver 401b' may be configured to receive
communications from the user terminal 105 over the frequency band with sleep mode
receiver 401b" off. More particularly, sleep mode receiver 401b" may monitor an
aggregate received signal strength (without converting to baseband and/or without
decoding) with active mode receiver 401b' off to reduce power consumption during the
sleep mode operation, and active mode receiver 401b" may receive communications during
active mode operation with sleep mode receiver 401b" off.

Processor 205 and/or sleep mode receiver 401b" may thus be configured during the
sleep mode to monitor received signal strength (e.g., RSSI) over frequencies used by the
primary radio-node 103 without decoding and/or without converting to baseband to
conserver power. Accordingly, processor 205 may be configured to change secondary
radio-node 101 from the sleep mode to the active mode responsive to the received signal
strength exceeding areceived signal strength threshold over athreshold period of time.
According to some other embodiments, processor 205 and/or sleep mode receiver 401b"
may be configured to convert to baseband and decode user terminal signals to monitor a
number of user terminals transmitting over frequencies used by the primary radio-node
103, and processor 205 may be configured to change secondary radio-node 101 from the
sleep mode to the active mode responsive to anumber of user terminals exceeding a
threshold number of user terminals. Processor 205 and/or sleep mode receiver 401 may be
further configured to distinguish between distances of user terminals from secondary radio-
node 101 when determining whether to change to the active mode.

According to embodiments where sleep mode receiver 401b" and/or processor 205
monitor areceived signal strength to determine when to change secondary radio-node 101

from the sleep mode to the active mode, sleep mode receiver 401b" may include atunable
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band-pass filter 501 and detector 503 as shown in Figure 5. Detector 503 may be
configured to generated areceived signa strength (e.g., RSSI) that istransmitted to
processor 205 without downconverting to baseband and/or without decoding. A simplified
sleep mode receiver may thus be provided that reduces power consumption during sleep
mode operation. According to embodiments where sleep mode receiver 401b" and/or
processor 205 monitor numbers, capabilities, distances, etc. of user terminals, sleep mode
receiver 401b" may be a complete receive, for example, providing downconverting to
baseband and decoding.

Processor 205, radio-node receiver 203 (including active mode and sleep mode
receivers 401b' and 401b"), and radio-node transmitter 201 may thus be configured to
provide communications according to a Radio Access Technology (RAT) that is
unavailable from primary radio-node 103. Processor 205 and radio-node receiver 203, for
example, may be configured to detect user terminal signals from user terminal(s) 105
compatible with the Radio Access Technology provided by secondary radio-node 101, and
processor 205 may be configured to provide communications with user terminal(s) 105
from the secondary radio-node 101 according to the Radio Access Technology so that the
communications with user terminal(s) 105 arereceived a radio-node receiver 203
(including active mode and sleep mode receivers 401b' and 401b") and transmitted from
radio-node transmitter 201 of the secondary radio-node 101. According to some
embodiments, auser terminal 105 communicating with a primary radio-node 103
according to afirst RAT may request a service (e.g., broadband internet access) according
to asecond RAT that isunavailable at the primary radio-node 103, and responsive to
detecting this request while in the sleep mode, processor 205 may change secondary radio-
node 101 from the sleep mode to the active mode to alow communication between the
user terminal 105 and secondary base station 101 according to the second RAT. In
addition or in an alternative, the user terminal 105 may transmit arequest for service to the
primary radio-node 103 (before providing any substantive communication between the
user terminal 105 and the primary radio-node), and responsive to detecting the request,
processor 205 may change secondary radio-node 101 from the sleep mode to the active
mode to allow communication between the user terminal 105 and secondary radio-node

101.
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In each of the embodiments discussed above with respect to Figures 2, 3, 4A, 4B,
and 5, recelver 203 (e.g., including receiver 401a of Figure 4A and/or including active
mode and sleep mode receivers 401b' and 401b" of Figure 4B) may use the same antenna
system to monitor user terminals 105 during the sleep mode and to receive
communications from user terminals 105 during the active mode. For example, the same
elements of antenna 207 of Figure 2 may be used to both monitor during the sleep mode
and to receilve communications during the active mode. Accordingly, adefinition of
coverage area 109 may be substantialy the same for both sleep mode monitoring and
active mode reception. According to other embodiments, receiver 203 (e.g., including
receiver 401a of Figure 4A and/or including active and sleep mode receivers 401b' and
401b" of Figure 4B) may use different antenna systems to monitor communications from
user terminals 105 during the sleep mode and to provide communications with user
terminals 105 during the active mode. Byway of example, secondary radio-node 101 may
be an indoor radio-node and secondary coverage area 109 may be an indoor pico-cell
defined by walls of the indoor area. In such an embodiment, arelatively inexpensive sleep
mode antenna may be used in the sleep mode to receive any scattered signals in the
(indoor) secondary coverage area 109. Such an inexpensive sleep mode antenna may be
provided in addition to an active mode antenna used for active mode
reception/transmission.

According to some embodiments of the present invention, secondary radio-node
101 may act autonomously to determine when to transition from the sleep mode to the
active mode. During the sleep mode, for example, processor 205 of secondary radio-node
101 may determine when to change operation of secondary radio-node 101 from the sleep
mode to the active mode based on detected communications from user terminals 105 in
secondary coverage area 109 without requiring input from network management node 111.
Upon changing to the active mode, processor 205 and transmitter 201 may initiate
transmission of a control channel (e.g., abroadcast control channel) from antenna 207 to
announce availability of service from secondary radio-node 101, and communications
between user terminals 105 and secondary radio-node 101 may beinitiated and/or handed
off from primary radio-nodes 103. Processor 205 may aso determine when secondary

radio-node should return to the sleep mode, for example, when active communications
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between user terminals 105 and secondary radio-node 101 have been dormant for a
threshold period of time, and/or when primary radio-nodes 103 have sufficient capacity to
handle traffic in primary coverage areas 107 including secondary coverage area 109.

According to some other embodiments of the present invention, secondary radio-
node 101 may act under the direction of network management node 111when transitioning
from the sleep mode to the active mode so that active/seep mode decisions are handled by
network management node 111. During the sleep mode, for example, processor 205 may
transmit information (regarding detected communications from user terminals 105 in
secondary coverage area 109) to network management node 111, and network management
node 111 may determine when to change operation of secondary radio-node 101 from the
sleep mode to the active mode. Network management node 111, for example, may
consider the information received from secondary radio-node together with information
received from primary radio-nodes 103 when determining whether to transition secondary
radio-node 101 from the sleep mode to the active mode. Network management node 111,
for example, may also determine when secondary radio-node 101 should return to the sleep
mode, for example, when active communications between user terminals 105 and
secondary radio-node 101 have been dormant for athreshold period of time, and/or when
primary radio-nodes 103 have sufficient capacity to handle traffic in primary coverage
areas 107 including secondary coverage area 109. According to still other embodiments of
the present invention, network management node 111 and processor 205 may share aspects
of active/sleep mode decisions for secondary radio-node 101.

According to some embodiments of the present invention, primary radio-node 103a
may provide communications according to afirst RAT, primary radio-node 103b may
provide communications according to a second RAT, and secondary radio-node 101 may
provide communications according to the first and second RATs and according to athird
RAT (not supported by either of primary radio-nodes 103aor 103b). Inthe sleep mode,
secondary radio-node 101 may monitor up-link communications according to the first and
second RATs. User terminal 105amay initiate communications with primary radio-node
103a according to the first RAT outside coverage area 109, user terminal 105b may initiate
communications with primary radio-node 103b according to the second RAT outside

coverage area 109, and secondary radio-node 101 may bein the sleep mode monitoring for
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user terminal transmission within coverage area 109 according to either of the first or
second RATs. When one or both of user terminals 105a and/or 105b move within
coverage area 109, receiver 203 and/or processor 205 of secondary radio-node 101 may
detect transmissions of user terminals 105a/105b and change to the active mode.
Accordingly, communications for user terminals 105& 105b may be handed off to
secondary radio-node 101 to provide increased network capacity without changing aRAT
used by either of user terminals 105a or 105b. Once user terminals 105a/105b terminate
communications with secondary radio-node 101 and/or move outside secondary coverage
area 109, secondary radio-node 101 may return from the active mode to the sleep mode.

According to some embodiments of the present invention, user terminal 105a and
secondary radio-node 101 may support communications according to first, second, and
third RATS, but primary radio-node 103amay only support communications according to
the first RAT. Inthe sleep mode, secondary radio-node 101 may monitor up-link
communications according to the first RAT. User terminal 105amay initially establish a
communication with primary radio-node 103a according to the first RAT that is supported
by both user terminal 105a and primary radio-node 103aoutside secondary coverage area
109. When user terminal 105a moves within secondary coverage area 109, receiver 203
and/or processor 205 of secondary radio-node 101 may detect communications for user
terminal 105a according to the first RAT and change to active mode. Accordingly, the
communication for user terminal 105a may be handed off to secondary radio-node 101 to
provide communications for user terminal 105a according to the second or third RAT to
provide improved service for user terminal 105a and/or to increase network capacity.
Once user terminal 105a terminates the communication with secondary radio-node 101
and/or moves outside secondary coverage area 109, secondary radio-node may return from
the active mode to the sleep mode.

According to some embodiments of the present invention, user terminal 105a and
secondary radio-node 101 may support communication according to first and second
(different) RATS, and primary radio-node 103amay support communications according to
the first RAT (and not the second RAT). In the sleep mode, secondary radio-node 101
may monitor up-link communications according to the first and second RATs. With

secondary radio-node 101 in the sleep mode and with user terminal 105ain secondary
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coverage area 109, user terminal 105amay transmit arequest for communications to
primary radio-node 103a, and receiver 203 and/or processor 205 of secondary radio node
101 may detect the request and change from the sleep mode to the active mode.
Accordingly, the requested communication may be established between user terminal 105a
and now active secondary radio-node 101 (without first establishing communication
between user terminal 105a and primary radio-node 103a) according to the second RAT so
that the higher level of service (provided by the first RAT relative to the second RAT) is
provided without requiring ahand-off In an alternative, user terminal 105a may establish
communications with primary radio-node 103a according to the first RAT, and responsive
to detecting uplink transmissions from user terminal 105ato primary radio-node 103a
(indicating that user terminal 105a supports the second RAT), secondary radio-node 105a
may change from sleep mode to active mode. A hand-off of communications for user
terminal 105a may then be made from primary radio-node 103ato secondary radio-node
101, and communications between user terminal 105a and secondary radio-node 101 may
be provided according to the second RAT not available from the primary radio-node 103a.
In still another alternative, user terminal 105a, secondary radio-node 101, and primary
radio-node 103amay all support communications according to the same RAT(s), and the
communications may be established with the previously sleeping secondary radio-node
101 to increase network capacity. For example, communications between user terminal
105a and primary radio-node 103amay be provided according to asame RAT that is
available from secondary radio-node 101, and upon detecting uplink transmissions from
user terminal 105ato primary radio-node 103a, secondary radio-node 101 may change
from sleep mode operation to active mode operation. Once secondary radio-node 101 has
changed to active mode operation, communications for user terminal 105amay be handed
off from primary radio-node 103ato secondary radio-node 101 while maintaining
communications according to the same RAT.

In Figure 1, asingle secondary radio-node 101 is shown for each of illustration, but
multiple secondary radio-nodes 101 may provide service over multiple secondary coverage
areas 109. Moreover, multiple secondary coverage areas may be spaced apart and/or
overlapping. For example, aplurality of secondary radio-nodes 101 may define respective

overlapping secondary coverage areas 109 along aroad that is heavily used some portions
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of the day (e.g., during rush hour) but that is lightly used some other portions of the day
(e.g., a night). While in the sleep mode, a secondary radio-node 109 may thus monitor
frequencies of primary radio-nodes 103 as discussed above aswell as frequencies of
adjacent secondary radio-node(s) 109.

In addition, receiver 203 of secondary radio-node 101 may continue scanning
frequencies of primary radio-nodes 103a/103b during the active mode, and results of this
active mode scanning may be provided to network management node 111to facilitate
hand-offs of user terminals between radio-nodes and/or to facilitate radio-node |load
balancing. In addition or in an aternative, information generated by receiver 203 of
secondary radio-node 101 responsive to scan frequencies of primary radio-nodes
103a/103b (during the active and/or sleep modes) may be used by network management
node 111to provide load balancing between primary radio-nodes 103a/103b even when
secondary radio-node 101 ismaintained in the sleep mode.

Figure 6isaflow chart illustrating operations of mobile communications networks
and/or secondary radio-nodes 101 thereof according to embodiments of the present
invention. Asdiscussed above, secondary radio-node 101 may operate in an active mode
to provide active communications with user terminals 105 and in areduced power sleep
mode when active communications are not being provided. At block 601, secondary radio
node 101 may bein the sleep mode with transmitter 201 off. Monitoring may be provided
through the radio-node receiver 203 of the secondary radio-node 101 at block 603 to detect
user terminal signals transmitted to the primary radio-node 103, and monitoring may
include monitoring over frequencies used by the primary radio-node 103a/103b. If no
signals are detected and/or if detected signals do not exceed athreshold (e.g., lessthan a
threshold strength, quantity, duration, etc.) a block 605, the secondary radio-node 101 is
maintained in the sleep mode with the radio-node transmitter 201 of the secondary radio-
node 101 off a block 601 and monitoring continues. |If signals are detected and/or if
detected signals exceed the threshold (e.g., greater than athreshold strength, quantity,
duration, etc.) at block 605, operation of the secondary radio-node 101 may be changed
from the sleep mode to an active mode at block 607 responsive to detecting the user
terminal signals during monitoring in the sleep mode. In the active mode, radio-node

transmitter 201 of the secondary radio-node 101 may beturned on.
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After changing operation of the secondary radio-node 101 to the active mode at
block 607, active mode communications may be provided at block 609. For example,
secondary radio-node 101 may provide active mode communications with user terminal
105a/105b so that communications with user terminal 105a/105b are received at radio-
node receiver 203 of secondary radio-node 101 and transmitted from radio-node
transmitter 201 of secondary radio-node 101. Active mode communications may be
maintained a block 611, for example, as long as communications services with user
terminal 105 or other user terminals are needed in secondary coverage area 109. Once the
decision to return to the sleep mode ismade at block 611 (e.g., when active mode
communications between secondary radio-node 101 at user terminal 105a/105b are no
longer needed), secondary radio-node 101 may return to the sleep mode at blocks 615 and
601 and resume monitoring at block 603. The decision whether to maintain secondary
radio-node 101 in the sleep mode at block 611 may bebased on atermination of al
communications between secondary radio-node 101 and user terminals 105a/105b in
secondary coverage area 109. For example, secondary radio-node may be returned to the
sleep mode once athreshold period of time passes without providing any communications
between secondary radio-node 101 and any user terminals.

Operations of Figure 6 may be performed by elements of secondary radio-node 101
(including processor 205, receiver 203, and/or transmitter 201), by elements of network
management node 111, and/or by elements of primary radio-nodes 103a/103b and/or other
secondary radio-nodes. Decisions at blocks 605 and/or 611 may be made a processor 205,
a network management node 111, and/or at processors of other primary and/or secondary
radio-nodes. Moreover, decisions a blocks 605 and/or 611 may be made based on
detection of user terminal signals a other primary and/or secondary radio-nodes aswell as
detection of user termina signals at the secondary radio-node.

By providing areduced power sleep mode where secondary radio-node 101
monitors (e.g., scans) for user termina uplink transmissions from its secondary coverage
area 109 without transmitting, secondary radio-node 101 may detect the presence of the
user terminals, and secondary radio-node 101 may be reactivated to the active mode
responsive to detecting the presence of the user terminals. In densely populated aress, for

example, secondary radio-node 101 may provide additional capacity when needed while
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reducing power consumption in the sleep mode when not needed. Secondary radio-nodes
according to embodiments of the present invention may thus allow a communications
network to dynamically adapt to spatially and temporally changing demand for
communications traffic by maintaining continuous coverage with primary radio-nodes that
are always on and by using to secondary radio-nodes that provide additional capacity in the
active mode when needed and that return to the sleep mode when not needed.

Many variations and modifications can be made to the embodiments without
substantially departing from the principles of the present invention. All such variations
and modifications are intended to be included herein within the scope of the present

invention, as set forth in the following claims.
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CLAIMS:

1. A method of operating a secondary radio-node in amobile communications
network, wherein the secondary radio-node includes aradio-node transmitter and aradio-
node receiver, and wherein the mobile communications network includes aprimary radio-
node, the method comprising:

monitoring (603) through the radio-node receiver of the secondary radio-node to
detect user terminal signals transmitted to the primary radio-node while maintaining the
secondary radio-node in a sleep mode; and

responsive to detecting (605) user termina signals during monitoring in the sleep-
mode, changing (607) operation of the secondary radio-node from the sleep mode to an

active mode.

2. The method according to Claim 1wherein the primary radio-node and the
secondary radio-node define respective overlapping primary coverage area and secondary
coverage area, and wherein detecting user terminal signals comprises detecting user
terminal signals transmitted from auser terminal operating in the secondary coverage area
to the primary radio-node, the method further comprising:

responsive to changing operation of the secondary radio-node to the active mode,
providing communications with the user terminal from the secondary radio-node so that
the communications with the user terminal are received at the radio-node receiver of the
secondary radio-node and transmitted from the radio-node transmitter of the secondary
radio-node.

3. The method according to Claim 2 further comprising:
after terminating communication between the user terminal and the secondary
radio-node, changing (615) operation of the secondary radio-node from the active mode to

the sleep mode.

4. The method according to Claim 2 wherein monitoring to detect user terminal

signals comprises monitoring over frequencies used by the primary radio-node.
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5. The method according to Claim 4 wherein the primary radio-node and the
secondary radio-node operate over a same frequency band, wherein monitoring comprises
monitoring the frequency band to detect user terminal signals, and wherein the
communications with the user terminal are received a the radio-node receiver of the

secondary radio-node over the frequency band.

6. The method according to Claim 4 wherein the primary radio-node and the
secondary radio-node operate using respective different first and second frequency bands,
wherein monitoring comprises monitoring the first frequency band to detect user terminal
signals, and wherein the communications with the user terminal are received a the radio-

node receiver of the secondary radio-node over the second frequency band.

7. The method according to any of Claims 1- 6, wherein monitoring to detect user
terminal signals comprises monitoring received signal strength over frequencies used by
the primary radio-node without decoding and/or without converting to baseband, and
wherein the secondary radio-node is changed from the sleep mode to the active mode

responsive to the received signal strength exceeding areceived signal strength threshold.

8. The method according to any of Claims 1- 6, wherein monitoring to detect user
terminal signals comprises monitoring anumber of user terminals transmitting over
frequencies used by the primary radio-node, and wherein the secondary radio-node is
changed from the sleep mode to the active mode responsive to the number of user

terminals exceeding athreshold number of user terminals.

9. The method according to any of Claims 1- 8, wherein the secondary radio-node
provides a Radio Access Technology (RAT) that is unavailable from the primary radio-
node, wherein monitoring comprises monitoring to detect user terminal signals from auser
terminal compatible with the Radio Access Technology provided by the secondary radio-
node, and wherein changing operation of the secondary radio-node comprises providing
communications with the user terminal from the secondary radio-node according to the
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Radio Access Technology so that the communications with the user terminal are received
a the radio-node receiver of the secondary radio-node and transmitted from the radio-node
transmitter of the secondary radio-node.

10. A secondary radio-node in amobile communications network including a
primary radio-node, the secondary radio-node comprising:

aradio-node transmitter (201);

aradio-node receiver (203); and

aprocessor (205) coupled to the radio-node transmitter and to the radio-node
receiver of the secondary radio-node, wherein the processor is configured to monitor
through the radio-node receiver to detect user terminal signals transmitted to the primary
radio-node while maintaining the secondary radio-node in a sleep-mode, and to change
operation of the secondary radio-node from the sleep mode to an active mode responsive to

detecting user terminal signals during monitoring in the sleep-mode.

11. The secondary radio-node according to Claim 10 wherein the primary radio-
node and the secondary radio node define respective overlapping primary coverage area
and secondary coverage area, wherein the processor is configured to monitor to detect
through the radio-node receiver user terminal signals transmitted from auser terminal
operating in the secondary coverage areato the primary radio-node, and wherein the
processor is configured to provide communications with the user termina through the
radio-node transmitter and the radio-node receiver responsive to changing operation of the

secondary radio-node to the active mode.

12. The secondary radio-node according to Claim 11wherein the radio-node
receiver of the secondary radio-node includes an active mode receiver configured to
receive communications during active mode operation and a sleep mode receiver
configured to detect user terminal signals during sleep mode operation.

13. The secondary radio-node according to Claim 11wherein the processor is

configured to change operation of the secondary radio-node from the active mode to the
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sleep mode after terminating communication between the user terminal and the secondary

radio-node.

14. The secondary radio-node according to Claim 11 wherein the processor is
configured to monitor to detect user terminal signals by monitoring over frequencies used

by the primary radio-node.

15. The secondary radio-node according to Claim 14 wherein the primary radio-
node and the secondary radio-node operate over a same frequency band, wherein the
processor and the radio-node receiver of the secondary radio-node are configured to
monitor the frequency band to detect user terminal signals, and wherein the processor and
the radio-node receiver of the secondary radio-node are configured to receive

communications from the user termina over the frequency band.

16. The secondary radio-node according to Claim 14 wherein the primary radio-
node and the secondary radio-node operate using respective different first and second
frequency bands, wherein the processor and radio-node receiver of the secondary radio-
node are configured to monitor the first frequency band to detect user terminal signals, and
wherein the processor and the radio-node receiver of the secondary radio-node are
configured to receive communications from the user terminal over the second frequency
band.

17. The secondary radio-node according to Claim 16 wherein the radio-node
receiver of the secondary radio-node includes an active mode receiver configured to
receive communications over the second frequency band during active mode operation and
a seep mode receiver configured to monitor the first frequency band during sleep mode

operation.

18. The secondary radio-node according to any of Claims 10 - 17, wherein the
processor is configured to monitor received signal strength over frequencies used by the
primary radio-node without decoding and/or without converting to baseband, and wherein
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the processor is configured to change the secondary radio-node from the sleep mode to the
active mode responsive to the received signal strength exceeding areceived signal strength
threshold.

19. The secondary radio-node according to any of Claims 10 - 17, wherein the
processor is configured to monitor anumber of user terminals transmitting over
frequencies used by the primary radio-node, and wherein the processor is configured to
change the secondary radio-node from the sleep mode to the active mode responsive to the
number of user terminals exceeding athreshold number of user terminals.

20. The secondary radio-node according to any of Claims 10 - 19, wherein the
processor, the radio-node receiver, and the radio-node transmitter of the secondary radio-
node are configured to provide communications according to a Radio Access Technology
(RAT) that isunavailable from the primary radio-node, wherein the processor and the
radio-node receiver of the secondary radio-node are configured to detect user terminal
signals from auser terminal compatible with the Radio Access Technology provided by
the secondary radio-node, and wherein the processor is configured to provide
communications with the user terminal from the secondary radio-node according to the
Radio Access Technology so that the communications with the user terminal are received
at the radio-node receiver of the secondary radio-node and transmitted from the radio-node
transmitter of the secondary radio-node.
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