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Description
TECHNICAL FIELD

[0001] The present invention relates generally to con-
trolling energy consumption of a wireless network node,
such as a base station.

BACKGROUND

[0002] Energy consumption has long been an impor-
tantissuefor mobile terminals in cellular systems. Recent
trends in green technology make it important to reduce
the energy consumption also for the base stations (BS
or NodeB) as the base station power consumption is a
non-negligible part of the cost for the operator and ex-
cessive power consumption has a negative impact on
the environment. Furthermore, the energy consumed as
part of the base station operation generates heat, and
active cooling (e.g. air conditioning) is typically required
to control the temperature of the equipment. Active cool-
ing will further add to the total energy consumption of a
base station site. Similar comments apply to other wire-
less network nodes, such as relays and repeaters.
[0003] US 2007/066329 A1 (LAROIA RAJIV [US] ET
AL) 22 March 2007 (2007-03-22) relates to methods and
apparatus for implementing wireless communications
with base stations which support multiple modes of op-
eration.

SUMMARY

[0004] An object of the present invention is to reduce
the amount of energy used by a wireless network node.
[0005] This object is achieved in accordance with the
attached claims.

[0006] Briefly, the basic idea of the present invention
is to monitor the number of active terminals served by
the cell. During time periods when there are no active
terminals served by the cell, downlink transmission is re-
stricted to intermittent transmission of information assist-
ing active terminals not served by the cell in finding the
cell.

[0007] In addition to reducing the energy consumption
of the wireless network node, the present invention has
the further advantage ofreducing interference generated
by the node.

[0008] The presentinventionis especially useful in cell
scenarios where macro cells overlay micro cells and
hence, in case of low load (no or few active cells in the
micro cell area), idle terminals (in the micro cell area) can
camp on the macro cells and hence use their sync sym-
bols to be in sync with the network.

[0009] According to another aspect of the invention, a
radio terminal receives signalsindicating a time schedule
for intermittent transmission of information from a cell
and synchronizes mobility measurements with the inter-
mittent transmission of information.
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[0010] According to still another aspect of the inven-
tion, a radio terminal performs a first cell search over a
multitude of frequencies, and then, if the first cell search
fails, a second cell search in which the search duration
on each frequency is extended.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention, together with further objects and
advantages thereof, may best be understood by making
reference to the following description taken together with
the accompanying drawings, in which:

Fig. 1 is a scenario in which the present invention
may be used;

Fig. 2 is another scenario in which the present in-
vention may be used;

Fig. 3 is a time diagram illustrating an embodiment
of discontinuous operation in accordance with the
present invention;

Fig. 4 is a flow chart illustrating an embodiment of
the method of controlling energy consumption in ac-
cordance with the present invention;

Fig. 5 is a flow chart illustrating further details of an
embodiment of the method of controlling energy con-
sumption in accordance with the present invention;
Fig. 6 is a block diagram illustrating an embodiment
of an arrangement for controlling energy consump-
tion of a wireless network node in accordance with
the present invention;

Fig. 7 is a time diagram illustrating synchronization
of paging in a terminal with intermittent transmission
in a base station;

Fig. 8 is a flow chart illustrating an embodiment of a
method of operating a radio terminal in accordance
with one aspect of the present invention;

Fig. 9 is a block diagram illustrating an embodiment
of a radio terminal in accordance with one aspect of
the present invention;

Fig. 10 is a flow chart illustrating an embodiment of
a method of operating a radio terminal in accordance
with another aspect of the present invention; and
Fig. 11 is ablock diagram illustrating an embodiment
of aradio terminal in accordance with another aspect
of the present invention.

DETAILED DESCRIPTION

[0012] The presentinvention will be described in detail
with reference to an LTE (Long-Term Evolution) system.
However, the same principles may also be used in other
systems, such as WCDMA or GSM systems.

[0013] Furthermore, the presentinvention will primarily
be described with reference to base stations, especially
LTE base stations. However, the same principles may
also be applied to other wireless network nodes, such as
relays and repeaters and home base stations.

[0014] For the purposes of the present application a
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base station is assumed to serve one or more radio cells.
Thus, "base station" also refers to more recent entities,
such as NodeB and eNodeB (evolved NodeB), which are
capable of handling more than one cell.

[0015] Similarly, "terminal” will be used to indicate dif-
ferent types of radio terminals, such as mobile stations,
UEs (User Equipments), laptops, etc.

Fig. 1is afirst scenario in which the present invention
may be used. In this scenario adjacent radio cells
RC1 and RC2 are managed by respective base sta-
tions BS1 and BS2.

Fig. 2 is another scenario in which the present in-
vention may be used. In this scenario a micro cell
managed by base station BS1 lies within the cover-
age area of a macro cell managed by base station
BS2.

[0016] In current cellular systems, e.g. HSPA (High-
Speed Packet Access) and LTE, the base stations con-
tinuously transmit certain forms of signals in the cell. Ex-
amples of such signals are reference signals (pilots), syn-
chronization signals and the broadcast channel. These
signals are used for many purposes:

¢ Data reception: Active terminals need to perform
channel estimation, typically based on the reference
signals, to receive the transmitted data. The refer-
ence signals may also be used for estimation and
reporting of the downlink channel quality to support
base station functions such as channel-dependent
scheduling.

*  Mobility cell search: Terminals regularly scan for
neighboring cells. The synchronization signals trans-
mitted in a neighboring cell are used to find and syn-
chronize to a potential neighbor. Active terminals typ-
ically also report the received signal strength of ref-
erence signals (RSRP (Reference Signal Received
Power) measurements) transmitted by the neighbor-
ing cells to the network, which takes a decision if the
terminal should be handed over to the candidate cell.

¢ Initial cell search: At power-up terminals try to find
potential cells to connect to by scanning for synchro-
nization signals. Once a cell is found and synchro-
nization is obtained, the terminal reads the broadcast
channel transmitted in the cell to obtain the neces-
sary system information and performs a random ac-
cess to connect to the network.

*  Terminal synchronization: Idle terminals need syn-
chronization signals and/or reference signals (pilots)
to be able to keep in sync with the network, i.e. once
waking up from paging DRX (Discontinuous Recep-
tion) cycles, these signals are used to fine-tune tim-
ing and frequency errors etc.
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[0017] Whenthere are active users (terminals)inacell,
the cost of transmitting the signals discussed above is
justified. However, when there are no active users in the
cell, as in cell RC1in Fig. 1 and 2, there is in principle no
need forthese signals. This is especially true in scenarios
with dense deployment of NodeBs, i.e. in case where
"extra" (micro) cells are placed under macro cells, as in
Fig. 2. In such scenarios, the micro cells are primarily
used to cope with high load scenarios, and the energy
spent on transmitting these signals from the micro cells
in low load scenarios is in essence wasted.

[0018] In absence of active terminals in a cell, there is
in principle no need to transmit anything. This allows the
base station to turn off the power amplifier as well as the
baseband processing. The cellwould in essence be "idle"
in the downlink. As the network knows which cells the
active terminals are connected to, it is possible to identify
idle cells. Once a terminal, such as T4 in Fig. 1 and 2,
moves into the area covered by the idle cell, the base
station may wake up and resume transmission of signals.
However, to determine if the cell should resume the trans-
mission activity, it is necessary to detect if a terminal is
moving into the idle cell. Such a terminal expects certain
downlink signals (synchronization signals, reference sig-
nals, broadcast channels) to be present. Otherwise, it
would not be able to find the cell. Similarly, if inactive
terminals, such as terminals T1, T2 in Fig. 1 and 2, be-
come active, they mustalso be assisted infinding the cell.
[0019] Therefore, despite being in idle mode, the sig-
nals necessary for mobility and cell search should be
intermittently transmitted. This can be accomplished by
defining a DTX (Discontinuous Transmission) cycle for
the base station. Typically, the DTX cycle is defined such
that the base station is active every T, outof T, seconds
as illustrated in Fig. 3. The energy reduction at the trans-
mitter side is then approximately proportional to Ta/Tp.
[0020] The value of T, should be selected large
enough to allow the terminal to find synchronization with
sufficiently high probability as well as being able to do
signal measurements on the cell. The time needed for
this depends on the signal-to-noise ratio at the terminal,
but if T, is in the order of a few hundred milliseconds the
probability of not finding the idle cell is expected to be
sufficiently low.

[0021] The value Tp should be large enough to allow
for efficientreduction in energy consumption. Atthe same
time, a too large Tp means that terminals may not find
the idle cell. A typical value of Tp could be in the order of
several seconds or tens of seconds.

[0022] Preferably, the DTX pattern in the base station
is selected to match the DRX pattern configured in the
terminals. If the terminals wake up according to a certain
pattern to perform neighboring cell measurements, it is
beneficial if the DTX pattern in the base station matches
this pattern.

[0023] In many cellular standards the synchronization
signals are not transmitted continuously. For example,
in LTE synchronization signals are transmitted in (part
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of) subframe 0 and 5 in each radio frame (for FDD, for
TDD the subframes used are different but the principle
remains the same). Similar rules typically apply for the
broadcasted system information (in LTE, the most im-
portant part of the system information is transmitted in
subframe 0 and 5). Hence, the active period of the DTX
pattern could still allow the base station to sleep in the
remaining subframes of a radio frame, as indicated by
the expanded time segment T in the top part of Fig. 3.
[0024] An idle cell would exit the DTX period when it
detects that a terminal, for example T1 in Fig. 1 or 2, is
attempting a random access. In addition, as handover is
controlled by the network by sending commands to the
terminals, the network can also wake up idle base sta-
tions in conjunction with the handover procedure. For
example base station BS2 (managing cell RC2) com-
manding a terminal, for example T4 in Fig. 1 or 2, to
perform handover from cell RC2 to cell RC1 (managed
by base station BS1) would, in addition to the handover
command to the terminal, also send a wake up command
to base station BS1 over a base station interface, for
example the X2 interface in LTE.

[0025] Fig. 4 is a flow chart illustrating an embodiment
of the method of controlling energy consumption in ac-
cordance with the present invention. In continuous trans-
mission (CTX) mode step S1 monitors the number of
active terminals served by the cell. Step S2 tests whether
the number of active terminals served by the cell is less
than a predetermined threshold TH. If so, step S3 hands
over active terminals still served by the cell to at least
one other cell (more than one cell may be required, de-
pending on the location of the active terminals). When
the active terminals have been handed overto other cells,
step S4 instructs the base station managing the cell to
enter a discontinuous transmission mode (DTX) in which
transmission downlink in the cell is restricted to intermit-
tent transmission of information assisting active termi-
nals not served by the cell in finding the cell.

[0026] Thethreshold TH is set to, for example, a value
representing between 0 and 5% of the maximum load
the cell can handle. If the threshold TH is set to O, step
S3 may be omitted, since there are no remaining active
terminals served by the cell.

[0027] In another embodiment step S3 is omitted even
if there still are active terminals served by the cell. In this
embodiment the remaining active terminals are forced to
initiate handovers to other cells after the cell has already
entered DTX mode. Since there is a risk that some ter-
minals may not be handed over to another cell, for ex-
ample due to high load in these cells, the threshold TH
is typically set lower in this embodiment to minimize the
risk of dropped connections. A combination of these em-
bodiments, where the base station enters DTX mode as
soon as the handover commands have been transmitted,
is also possible.

[0028] Fig. 5 is a flow chart illustrating further details
of an embodiment of the method of controlling energy
consumption in accordance with the present invention.
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In step S10 the base station enters DTX mode. This cor-
responds to step S4 in Fig. 4. Step $S11 wakes the base
station (for this cell) at the start of the next DTX trans-
mission period. In step S12 the base station transmits
information assisting terminals in finding the cell, corre-
sponding to the first bar in the expanded upper part of
Fig. 3. Step S13 detects whether there are any random
access attempts from terminals. If so, step S14 instructs
the base station to leave DTX mode, and to enter normal
continuous mode. Otherwise step S15 detects whether
any handover commands have been received from
neighboring base stations. If so, step S14 instructs the
base station to leave DTX mode, and to enter normal
CTX mode. Otherwise the base station remains in DTX
mode, and step $16 tests whether the time period T, has
elapsed since the base station was wakened up. If not,
the procedure returns to step S12 and starts the next
transmission cycle, corresponding to the next bar in the
upper part of Fig. 3. Otherwise the base station goes idle
(in the downlink) during the time period Tp - T, in step
S17, and then the procedure returns to step S11 to wake
up the base station again.

[0029] A modification of the above flowchart includes
allowing the cell to exit the DTX mode not only during the
active period T, but at any time. This can be accom-
plished by including a test for handover commands from
neighboring cells and/or random access attempts also in
step S 17.

[0030] When a base station enters DTX mode it may
inform its neighbor cells of this fact. In this way the neigh-
bor cells can decide to reject handover requests to the
idle cell to reduce energy consumption in the system. In
such an embodiment handover requests to the idle cell
will be accepted only if a cell is congested or there is an
apparent risk of loosing a connection.

[0031] Fig. 6 is a block diagram illustrating an embod-
iment of an arrangement for controlling energy consump-
tion of a base station in accordance with the present in-
vention. An antenna is connected to a transmitter 10 and
a receiver 12, which are connected to a baseband
processing unit 14. A terminal activity monitor 16 is con-
nected to baseband processing unit 14 to receive a list
of active terminals served by the cell. Active terminal
monitor 16 determines the length of the list, and tests
whether the number of active terminals is less than the
threshold TH. If terminal activity monitor 20 detects that
the number of active terminals served by the cell falls
below the threshold TH, then a handover command is
forwarded to baseband processing unit 14. This will hand
the terminals on the active terminal list over to other cells.
When the list is empty, terminal activity monitor 16 indi-
cates this in a binary terminal activity indicator to a trans-
mitter controller 18, which controls a switch SW that dis-
connects a power supply 20 from transmitter 10.

[0032] The arrangement in Fig. 6 also includes a ran-
dom access monitor 22, which receives preambles from
terminals that attempt random accesses during DTX
mode. A random access attempt indicator is forwarded
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to transmission controller 18, which reconnects power
supply 20 to transmitter 10 when a preamble is detected.
[0033] Furthermore,the arrangementinFig. 6includes
a handover command monitor, which receives handover
commands from other base stations, for example over
the X2 interface, during DTX mode. A handover com-
mand indicator is forwarded to transmission controller
18, which reconnects power supply 20 to transmitter 10
when a handover request is detected.

[0034] The embodiment illustrated in Fig. 6 may op-
tionally also include a DTX/CTX indicator back to base-
band processing unit 14 to switch baseband processing
between DTX and CTX mode. In this way unnecessary
baseband signal processing can be avoided during DTX
mode.

[0035] Terminal activity monitor 16 in Fig. 6 may also
be configured to restrict transmission downlink when the
number of active terminals served by the cell falls below
the threshold, as discussed with reference to step S3 in
Fig. 4.

[0036] The functionality of the various blocks in Fig. 6
is typically implemented by one or several micro proces-
sors or micro/signal processor combinations and corre-
sponding software. Blocks 16, 18, 22, 24 may be inte-
grated into baseband processing unit 14, which already
has this type of hardware.

As noted above, there are three types of information that
the idle base station may transmit in DTX mode to assist
a terminal in finding the cell, namely reference (pilot) sig-
nals, synchronization signals and broadcasted system
information. At least one of these has to be transmitted
during the time periods T, in Fig. 3. Several procedures
may be performed by the network and the terminals to
facilitate the correct reception of this information:

An inactive terminal periodically listens to a paging
channel (terminal DRX mode). Typically the terminal
performs mobility measurements either just before
or just after listening to the paging channel. This fea-
ture can be used to let an active non-serving base
station (the terminal is inactive, so it is not served by
any base station, itonly listens to the paging channel)
synchronize the DRX mode of the terminal with the
time periods T, when the base station in intermittent
mode transmits, as illustrated in Fig. 7.

[0037] An active terminal, which can perform mobility
measurements at any time, may be instructed by a base
station to perform measurements at time instants that lie
in time periods T, of a base station in DTX mode. This
functionality can be obtained in existing terminals by a
firmware update.

[0038] Fig. 8 and 9 illustrate an embodiment of this
aspect of the present invention. In Fig. 8 step S20 re-
ceives signals indicating a time schedule for intermittent
transmission of information from a cell. Step S21 syn-
chronizes mobility measurements with the intermittent
transmission of information. If the terminal is active, the
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terminal is instructed to synchronize the mobility meas-
urements with the intermittent transmission. On the other
hand, if the terminal is inactive, it is instead instructed to
listen to the paging channel during transmission periods
of the intermittent transmission. In this way the mobility
measurements are indirectly synchronized with the inter-
mittent transmissions.

[0039] The radio terminal illustrated in Fig. 9 includes
an antenna connected to a receiver 30, which forwards
baseband signals to a baseband processing unit 32.
Baseband processing unit 32 extracts, among other sig-
nals, the DTX schedule of an idle base station. This
schedule has been received from an active base station,
either directly as an actual DTX schedule if the terminal
is active, or indirectly as a paging schedule if the terminal
is inactive. The DTX schedule is forwarded to a synchro-
nizer 34, which controls the mobility measurement
schedule of the receiver 30 and baseband processing
unit 32. If desirable synchronizer 34 may be integrated
into unit 32.

[0040] The network can synchronize the DTX mode of
several base stations. Both local (base station to base
station) and centralized (via the Operations Support Sys-
tem, OSS) synchronization is possible.

[0041] Terminals may be provided with a two step cell
search procedure. In the first step the terminal performs
a normal cell search scanning over a multitude of fre-
quencies. If this fails, the terminal performs an extended
cell search in which the search duration on each frequen-
cy is extended (i.e. longer than the idle time period Tp -
T, of base stations in DTX mode). This functionality can
be obtained in existing terminals by a firmware update.
[0042] Fig. 10 and 11 illustrate an embodiment of this
aspect of the present invention. In Fig. 10 step S30 per-
forms a first, normal cell search over a multitude of fre-
quencies. Step S31 tests whether the cell search failed,
i.e. whether the search failed to find any cells. If so, a
second cell search with an extended cell search duration
on each frequency is performed in step S32. Otherwise
the cell search is completed in step S33.

[0043] Fig. 11 is a block diagram of a radio terminal
incorporating this two-step cell search. Itincludes an an-
tenna connected to a receiver 30, which forwards base-
band signals to a baseband processing unit 32, which is
connected to a cell search unit 36. Cell search unit 36
implements two cell search modes, namely a normal cell
search mode and an extended cell search mode, and is
configured to perform the cell search procedure de-
scribed with reference to Fig. 10. It outputs a list of found
cells to baseband processing unit 32. If desirable unit 36
may be integrated into unit 32.

[0044] Reference signals and synchronization signals
are primarily designed for different purposes, but during
idle mode operation they could have more or less the
same function. UEs that are not served by the idle eNo-
deB use these signals to find the cell and to measure the
signal strength. Since synchronization signals are de-
signed to be easily detected they are beneficial to use
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for this purpose also during eNodeB idle mode. However
it would be possible to only transmit reference signals
from an idle eNodeB, and with somewhat more effort the
UEs would eventually find such a transmission and
measure on it. It would also be possible to only transmit
the synchronization signals during eNodeB idle mode op-
eration. In that case the UE would have to estimate the
signal strength based on measurements on synchroni-
zation channels. However, synchronization channels are
not primarily designed for this purpose and the accuracy
of such measurements would be slightly lower. Therefore
the preferred operation would be to transmit both syn-
chronization sighals aswell as reference signals also dur-
ing eNodeB idle mode operation.

[0045] Regarding the broadcast channel a UE could
potentially detect such a transmission from an idle eNo-
deB even if synchronization signals and reference sig-
nals were not transmitted, but it would result in degraded
performance and longer cell search durations. Theoret-
ically it would be possible for the UEs to determine the
signal strength of an idle eNodeB based only on meas-
urements onthe broadcastchannel. The broadcast chan-
nel carries the information that the UE needs in order to
perform a random access, but it is possible to let the UE
receive this information from a macro cell that encloses
the idle cell instead. In a preferred embodiment all three
types of signals (i.e. synchronization, reference and
broadcast) are transmitted from an eNodeB in idle mode,
but theoretically it is sufficient if only one of the signals
are transmitted.

[0046] It will be understood by those skilled in the art
that various modifications and changes may be made to
the present invention without departure from the scope
thereof, which is defined by the appended claims.

ABBREVIATIONS

[0047]

BS Base Station

DRX Discontinuous Reception
DTX Discontinuous Transmission
eNodeB  evolved NodeB

HSPA High-Speed Packet Access

LTE Long-Term Evolution

NodeB A logical node handling transmission/recep-
tion in multiple cells

0SS Operations Support System

RSRP Reference Signal Received Power

UE User Equipment

Claims

1. A method of controlling energy consumption of a
wireless network node (BS1, BS2) associated with
a cell (RC1, RC2), comprising the steps of:
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monitoring (S1) the number of active terminals
(T1, T2, T3, T5) served by the cell (RC1, RC2);
restricting (S4), during time periods when there
are no active terminals (T1, T2, T3, T5) served
by the cell (RC1, RC2), transmission downlink
in the cell (RC1, RC2) to intermittent transmis-
sion of information in a discontinuous transmis-
sion cycle, the discontinuous transmission cycle
comprising a non-transmission period and a
transmission period, and the information is in-
formation assisting active terminals (T1, T2, T3,
T5) not served by the cell (RC1, RC2) in finding
the cell and performing mobility measurements
(RC1, RC2).

The method of claim 1, including the steps of
detecting (S2) when the number of active terminals
(T1, T2, T3, T5) served by the cell (RC1, RC2) falls
below a predetermined threshold;

handing over (S3) active terminals (T1, T2, T3, T5)
still served by the cell (RC1, RC2) to at least one
other cell (RC1, RC2);

restricting (S4) transmission downlink when there
are no more active terminals (T1, T2, T3, T5) served
by the cell (RC1, RC2).

The method of claim 1, including the step of restrict-
ing transmission downlink when the number of active
terminals (T1, T2, T3, T5) served by the cell (RC1,
RC2) falls below a predetermined threshold.

The method of claim 1, 2 or 3, including the steps of
monitoring random access attempts (S13) from ter-
minals (T1, T2, T3, T5) not served by the cell (RC1,
RC2) during intermittent transmission;

leaving intermittent transmission (S15) and returning
to unrestricted continuous transmission if at least
one random access attempt has been detected.

The method of claim 1, 2 or 3, including the steps of
monitoring handover commands (S 15) during inter-
mittent transmission;

leaving intermittenttransmission (S14) and returning
to unrestricted continuous transmission if at least
one handover command has been detected.

The method of claim 1, 2, 3, 4 or 5, wherein the cov-
erage area of the cell (RC1, RC2) lies within the cov-
erage area of another cell (RC1, RC2).

The method of claim 6, wherein the cell (RC1, RC2)
is a micro cell (RC1) in a macro cell (RC2).

The method of claim 6, wherein the wireless network
node (BS1, BS2) is a base station or a home base

station.

The method of any of the preceding claims, wherein
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the intermittent transmission of information includes
at least one of:

transmission of reference signals;
transmission of synchronization signals;
transmission of broadcast information.

The method of any of the preceding claims, including
the step of synchronizing the intermittent transmis-
sion of information between several network nodes.

A base station (BS1, BS2) including an arrangement
for controlling energy consumption of a wireless net-
work node associated with a cell (RC1, RC2), said
arrangement including:

a terminal activity monitor (16) configured to de-
tect active terminals (T1, T2, T3, T5) served by
the cell (RC1, RC2);

a transmission controller (18) connected to the
terminal activity monitor and configured to re-
strict, during time periods when there are no ac-
tive terminals (T1, T2, T3, T5) served by the cell
(RC1, RC2), transmission downlink in the cell
(RC1, RC2) to intermittent transmission of infor-
mation in a discontinuous transmission cycle,
the discontinuous transmission cycle compris-
ing a non-transmission period and a transmis-
sion period, and the information is information
assisting active terminals (T1, T2, T3, T5) not
served by the cell (RC1, RC2) in finding the cell
(RC1, RC2) and performing mobility measure-
ments.

The base station (BS1, BS2) of claim 11, wherein
the terminal activity monitor (16) is configured to
detect when the number of active terminals (T1, T2,
T3, T5) served by the cell (RC1, RC2) falls below a
predetermined threshold;

command handover of active terminals (T1, T2, T3,
T5H) still served by the cell (RC1, RC2) to atleastone
other cell (RC1, RC2);

restrict transmission downlink when there are no
more active terminals (T1, T2, T3, T5) served by the
cell (RC1, RC2).

The base station (BS1, BS2) of claim 11, wherein
the terminal activity monitor (16) is configured to re-
strict transmission downlink when the number of ac-
tive terminals (T1, T2, T3, T5) served by the cell
(RC1, RC2) falls below a predetermined threshold.

The base station (BS1, BS2) of claim 11, 12 or 13,
including arandom access attempt monitor (22) con-
figured to detect random access attempts from ter-
minals (T1, T2, T3, T5) not served by the cell (RC1,
RC2) during intermittent transmission and to instruct
the transmission controller (18) to leave intermittent
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15.

16.

17.

18.

19.

transmission and return to unrestricted normal trans-
mission if at least one random access attempt has
been detected.

The base station (BS1, BS2) of claim 11, 12 or 13,
including a handover request monitor (24) config-
ured to detect handover commands during intermit-
tent transmission and to instruct the transmission
controller (18) to leave intermittent transmission and
return to unrestricted normal transmission if at least
one handover command has been detected.

A radio terminalincluding a synchronization unit (34)
receiving signals indicating a time schedule for in-
termittent transmission of information from a cell
(RC1, RC2) in a discontinuous transmission cycle,
the discontinuous transmission cycle comprising a
non-transmission period and a transmission period,
and the information is information to assist the radio
terminal in finding the cell and performing mobility
measurements.

The radio terminal of claim 16, wherein the synchro-
nization unit (34) is configured to synchronize a dis-
continuous reception mode of the radio terminal with
the intermittent transmission of information in a dis-
continuous transmission cycle, the discontinuous
transmission cycle comprising a transmission period
and a non-transmission period, and the information
is information to allow mobility measurements.

A method of operating a radio terminal, including the
steps of

receiving (S20) signals indicating a time schedule
for intermittent transmission of information from a
cell (RC1, RC2) in a discontinuous transmission cy-
cle, thediscontinuous transmission cycle comprising
a non-transmission period and a transmission peri-
od, and the information is information to assist the
radio terminal in finding the cell and performing mo-
bility measurements.

The method according to claim 18 further comprising
synchronizing adiscontinuous reception mode of the
radio terminal with the intermittent transmission of
information in a discontinuous transmission cycle,
the discontinuous transmission cycle comprising a
transmission period and a non-transmission period,
and the information is information to allow mobility
measurements.

Patentanspriiche

Verfahren zur Regelung des Energieverbrauchs ei-
nes drahtlosen Netzknotens (BS1, BS2), der mit ei-
ner Zelle (RC1, RC2) assoziiert ist, umfassend die
folgenden Schritte:
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Uberwachen (S1) der Anzahl von aktiven End-
geraten (T1,T2,T3,T5), dievonder Zelle (RC1,
RC2) versorgt werden;

Beschranken (S4) in Zeitperioden, in welchen
es keine aktiven Endgerate (T1, T2, T3, T5) gibt,
die von der Zelle (RC1, RC2) versorgt werden,
von Ubertragung in Abwartsrichtung in der Zelle
(RC1, RC2) auf periodische Ubertragung von
Informationen in einem diskontinuierlichen
Ubertragungszyklus, wobei der diskontinuierli-
che Ubertragungszyklus eine Nichtiibertra-
gungsperiode und eine Ubertragungsperiode
umfasst, und die Informationen aktiven Endge-
raten (T1, T2, T3, T5), die nicht von der Zelle
(RC1, RC2) versorgt werden, beim Suchen der
Zelle (RC1, RC2) und Durchfiihren von Mobili-
tatsmessungen helfen.

2. Verfahren nach Anspruch 1, umfassend die folgen-

den Schritte:

Erkennen (S2), wenn die Anzahl von aktiven
Endgeraten (T1, T2, T3, T5), die von der Zelle
(RC1, RC2) versorgt werden, unter eine vorbe-
stimmte Schwelle fallt;

Weiterreichen (S3) von aktiven Endgeraten (T1,
T2, T3, T5), die noch von der Zelle (RC1, RC2)
versorgt werden, an mindestens eine andere
Zelle (RC1, RC2);

Einschréanken (S4) der Ubertragung in Abwarts-
richtung, wenn es keine aktiven Endgerate (T1,
T2, T3, T5) mehr gibt, die von der Zelle (RC1,
RC2) versorgt werden.

Verfahren nach Anspruch 1, umfassend den Schritt
des Einschrankens der Ubertragung in Abwartsrich-
tung, wenn die Anzahl von aktiven Endgeraten (T1,
T2, T3, T5), die von der Zelle (RC1, RC2) versorgt
werden, unter eine vorbestimmte Schwelle fallt.

Verfahren nach Anspruch 1, 2 oder 3, umfassend
die folgenden Schritte:

Uberwachen von Direktzugriffsversuchen (S13)
von Endgeraten (T1, T2, T3, T5), die nicht von
der Zelle (RC1, RC2) versorgt werden, wahrend
der periodischen Ubertragung;

Verlassen der periodischen Ubertragung (S15)
und Zurickkehren zu uneingeschrankter konti-
nuierlicher Ubertragung, wenn mindestens ein
Direktzugriffsversuch erkannt wurde.

5. Verfahren nach Anspruch 1, 2 oder 3, umfassend

die folgenden Schritte:

Uberwachen von Weiterreichungsbefehlen
(S15) wahrend der periodischen Ubertragung;
Verlassen der periodischen Ubertragung (S14)
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und Zurlickkehren zu uneingeschrankter konti-
nuierlicher Ubertragung, wenn mindestens ein
Weiterreichungsbefehl erkannt wurde.

Verfahren nach Anspruch 1, 2, 3, 4 oder 5, wobei
der Versorgungsbereich der Zelle (RC1, RC2) inner-
halb des Versorgungsbereichs einer anderen Zelle
(RC1, RC2) liegt.

Verfahren nach Anspruch 1, wobei die Zelle (RC1,
RC2) eine Mikrozelle (RC1) in einer Makrozelle
(RC2) ist.

Verfahren nach Anspruch 6, wobei der drahtlose
Netzknoten (BS1, BS2) eine Basisstation oder eine
Heimat-Basisstation ist.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei die periodische Ubertragung von Infor-
mationen mindestens eine von Folgenden umfasst:

Ubertragung von Referenzsignalen;
Ubertragung von Synchronisationssignalen;
Ubertragung von Broadcast-Informationen.

Verfahren nach einem der vorhergehenden Ansprii-
che, umfassend den Schritt des Synchronisierens
der periodischen Ubertragung von Informationen
zwischen mehreren Netzknoten.

Basisstation (BS1, BS2), umfassend eine Anord-
nung zum Regeln des Energieverbrauchs eines
drahtlosen Netzknotens, der mit einer Zelle (RC1,
RC2) assoziiert ist, wobei die Anordnung umfasst;

eine Endgerateaktivitatsliiberwacher (16), der
so konfiguriert ist, dass er aktive Endgerate (T1,
T2, T3, T5) erkennt, die von der Zelle (RC1,
RC2) versorgt werden;

eine Ubertragungssteuerung (18), die mit dem
Endgerateaktivitatsiberwacher verbunden und
so konfiguriert ist, dass sie in Zeitperioden, in
welchen es keine aktiven Endgerate (T1, T2, T3,
T5H) gibt, die von der Zelle (RC1, RC2) versorgt
werden, Ubertragung in Abwartsrichtung in der
Zelle (RC1, RC2) auf periodische Ubertragung
von Informationen in einem diskontinuierlichen
Ubertragungszyklus beschrénkt, wobei der dis-
kontinuierliche Ubertragungszyklus eine Nicht-
Ubertragungsperiode und eine Ubertragungs-
periode umfasst, und die Informationen aktiven
Endgeraten (T1, T2, T3, T5), die nicht von der
Zelle (RC1, RC2) versorgt werden, beim Su-
chender Zelle (RC1, RC2) und Durchfiihren von
Mobilitdtsmessungen helfen.

Basisstation (210) nach Anspruch 11, wobei Endge-
rateaktivitdtsiiberwacher (16) konfiguriert ist zum:
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Erkennen, wenn die Anzahl von aktiven Endge-
raten (T1, T2, T3, T5), die von der Zelle (RC1,
RC2) versorgt werden, unter eine vorbestimmte
Schwelle fallt;

Befehlen von Weiterreichung von aktiven End-
geraten (T1, T2, T3, T5), die noch von der Zelle
(RC1, RC2) versorgt werden, an mindestens ei-
ne andere Zelle (RC1, RC2);

Einschrénken der Ubertragung in Abwartsrich-
tung, wenn es keine aktiven Endgerate (T1, T2,
T3, T5) mehr gibt, die von der Zelle (RC1, RC2)
versorgt werden.

Basisstation (BS1, BS2) nach Anspruch 11, wobei
der Endgerateaktivitatsiiberwacher (16) so konfigu-
riert ist, dass er Ubertragung in Abwartsrichtung ein-
schrankt, wenn die Anzahl von aktiven Endgeraten
(T1, T2, T3, T5), die von der Zelle (RC1, RC2) ver-
sorgt werden, unter eine vorbestimmte Schwelle
fallt.

Basisstation (BS1, BS2) nach Anspruch 11, 12 oder
13, umfassend einen Direktzugriffsversuchsiiber-
wacher (22), der so konfiguriert ist, dass er Direkt-
zugriffsversuche von Endgeraten (T1, T2, T3, T5),
die nicht von der Zelle (RC1, RC2) versorgt werden,
wahrend der periodischen Ubertragung erkennt und
die Ubertragungssteuerung (18) anweist, die perio-
dische Ubertragung zu verlassen und zu uneinge-
schrankter normaler Ubertragung zuriickzukehren,
wenn mindestens ein Direktzugriffsversuch erkannt
wurde.

Basisstation (BS1, BS2) nach Anspruch 11, 12 oder
13, umfassend einen Weiterreichungsanforde-
rungslberwacher (24), der so konfiguriert ist, dass
er Weiterreichungsbefehle wahrend der periodi-
schen Ubertragung erkennt und die Ubertragungs-
steuerung (18) anweist, die periodische Ubertra-
gung zu verlassen und zu uneingeschrankter nor-
maler Ubertragung zuriickzukehren, wenn mindes-
tens ein Weiterreichungsbefehl erkannt wurde.

Funkendgerat, umfassend eine Synchronisations-
einheit (34), die Signale empfangt, die einen Zeitplan
fir periodische Ubertragung von Informationen von
einer Zelle (RC1, RC2) in einem diskontinuierlichen
Ubertragungszyklus angeben, der eine Nichtiber-
tragungsperiode und eine Ubertragungsperiode um-
fasst, und wobei die Informationen Informationen
sind, um dem Funkendgerat beim Suchen der Zelle
und Durchfiihren von Mobilitatsmessungen zu hel-
fen.

Funkendgerat nach Anspruch 16, wobei die Syn-
chronisationseinheit (34) so konfiguriert ist, dass sie
einen diskontinuierlichen Empfangsmodus des Fun-
kendgerats mit der periodischen Ubertragung von
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Informationen in einem diskontinuierlichen Ubertra-
gungszyklus synchronisiert, wobeiderdiskontinuier-
liche Ubertragungszyklus eine Ubertragungsperio-
de und eine Nichtlibertragungsperiode umfasst, und
die Informationen Informationen zum Ermdglichen
von Mobilitatsmessungen sind.

Verfahren zum Betreiben eines Funkendgerats, um-
fassend die folgenden Schritte:

Empfangen von Signalen, die einen Zeitplan fir
periodische Ubertragung von Informationen von
einer Zelle (RC1, RC2) in einem diskontinuier-
lichen Ubertragungszyklus angeben, der eine
Nichtiibertragungsperiode und eine Ubertra-
gungsperiode umfasst, und wobei die Informa-
tionen Informationen sind, um dem Funkendge-
rat beim Suchen der Zelle und Durchfihren von
Mobilitdtsmessungen zu helfen.

Verfahren nach Anspruch 18, ferner umfassend ein
Synchronisieren eines diskontinuierlichen Emp-
fangsmodus des Funkendgerats mit der periodi-
schen Ubertragung von Informationen in einem dis-
kontinuierlichen Ubertragungszyklus, wobei der dis-
kontinuierliche Ubertragungszyklus eine Ubertra-
gungsperiode und eine Nichtlibertragungsperiode
umfasst, und die Informationen Informationen zum
Ermdéglichen von Mobilitatsmessungen sind.

Revendications

1.

2,

Procédé de commande de consommation d’énergie
d’un noeud de réseau sans fil (BS1, BS2) associé a
une cellule (RC1, RC2), comprenant les étapes de :

lasurveillance (S1) du nombre de terminaux ac-
tifs (T1, T2, T3, T5) desservis parla cellule (RC1,
RC2);

la restriction (S4), pendant des périodes de
temps au cours desquelles il n’y a pas de termi-
naux actifs (T1, T2, T3, T5) desservis par la cel-
lule (RC1, RC2), d’'une liaison descendante de
transmission dans la cellule (RC1, RC2) a une
transmission intermittente d’informations dans
un cycle de transmission discontinue, le cycle
de transmission discontinue comprenant une
période de non-transmission et une période de
transmission, et les informations sont des infor-
mations aidant des terminaux actifs (T1, T2, T3,
T5) non desservis par la cellule (RC1, RC2) a
trouver la cellule et a effectuer des mesures de
mobilité (RC1, RC2).

Procédé selon la revendication 1, comprenant les
étapes de :
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la détection (S2) quand le nombre de terminaux
actifs (T1, T2, T3, T5) desservis par la cellule
(RC1, RC2) devient inférieur a un seuil
prédéterminé ;

le transfert intercellulaire (S3) des terminaux ac-
tifs (T1, T2, T3, T5) toujours desservis par la
cellule (RC1, RC2) a au moins une autre cellule
(RC1, RC2);

la restriction (S4) d’'une liaison descendante de
transmission lorsqu’il n’y a plus de terminaux
actifs (T1, T2, T3, T5) desservis par la cellule
(RC1, RC2).

Procédé selon la revendication 1, comprenant I'éta-
pe de la restriction d’'une liaison descendante de
transmission lorsque le nombre de terminaux actifs
(T1, T2, T3, T5) desservis par la cellule (RC1, RC2)
devient inférieur a un seuil prédéterminé.

Procédé selon la revendication 1, 2 ou 3, compre-
nant les étapes de :

la surveillance de tentatives d’accés aléatoires
(813) a partirde terminaux (T1, T2, T3, T5) non
desservis par la cellule (RC1, RC2) au cours
d’une transmission intermittente ;

la sortie de la transmission intermittente (S15)
etle retour a une transmission continue non res-
treinte si au moins une tentative d’accés aléa-
toire a été détectée.

Procédé selon la revendication 1, 2 ou 3, compre-
nant les étapes de :

la surveillance de commandes de transfert in-
tercellulaire (S15) au cours d’'une transmission
intermittente ;

la sortie d’une transmission intermittente (S14)
et le retour a une transmission continue non res-
treinte si au moins une commande de transfert
intercellulaire a été détectée.

Procédé selon la revendication 1, 2, 3, 4 ou 5, dans
lequella zone de couverture de la cellule (RC1,RC2)
se trouve a l'intérieur de la zone de couvertured’une
autre cellule (RC1, RC2).

Procédé selon la revendication 6, dans lequel la cel-
lule (RC1, RC2) estune microcellule (RC1)dans une
macrocellule (RC2).

Procédé selon la revendication 6, dans lequel le
noeud de réseau sans fil (BS1, BS2) est une station
de base ou une station de base de rattachement.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la transmission intermit-
tente d’informations comprend au moins I'une de :
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10

une transmission de signaux de référence ;
une transmission de signhaux de
synchronisation ;

une transmission d’informations de diffusion.

10. Procédé selon 'une quelconque des revendications

1.

précédentes, comprenant|’étape de la synchronisa-
tion de la transmission intermittente d’informations
entre plusieurs noeuds de réseau.

Station de base (BS1, BS2) comprenant un agence-
ment de régulation de consommation d’énergie d’un
noeud de réseau sans fil associé a une cellule (RC1,
RC2), ledit agencement comprenant :

un moniteur d’activité de terminal (16) configuré
pour effectuer la détection des terminaux actifs
(T1, T2, T3, T5) desservis par la cellule (RC1,
RC2);

un organe de commande de transmission (18)
relié au moniteur d’activité de terminal et confi-
guré pour effectuer la restriction, pendant des
périodes de temps au cours desquelles il n’y a
pas de terminaux actifs (T1, T2, T3, T5) desser-
vis par la cellule (RC1, RC2), d’'une liaison des-
cendante de transmission dans la cellule (RC1,
RC2) a une transmission intermittente d’infor-
mations dans un cycle de transmission discon-
tinue, le cycle de transmission discontinue com-
prenant une période de non-transmission etune
période de transmission, etles informations sont
des informations aidant des terminaux actifs
(T1, T2, T3, T5) non desservis par la cellule
(RC1, RC2) a trouver la cellule (RC1, RC2) et a
effectuer des mesures de mobilité (RC1, RC2).

12. Station de base (BS1, BS2) selon la revendication

11, dans laquelle le moniteur d’activité de terminal
(16) est configuré pour effectuer :

ladétection quand le nombre de terminaux actifs
(T1, T2, T3, T5) desservis par la cellule (RC1,
RC2) devient inférieur a un seuil prédéterminé ;
la commande d’un transfert intercellulaire des
terminaux actifs (T1, T2, T3, T5) toujours des-
servis par la cellule (RC1, RC2) a au moins une
autre cellule (RC1, RC2) ;

larestriction d’une liaisondescendante de trans-
mission lorsqu’il N’y a plus de terminaux actifs
(T1, T2, T3, T5) desservis par la cellule (RC1,
RC2).

13. Station de base (BS1, BS2) selon la revendication

11, dans laquelle le moniteur d’activité de terminal
(16) est configuré pour effectuer la restriction d’une
liaison descendante de transmission lorsque le nom-
bre de terminaux actifs (T1, T2, T3, T5) desservis
par la cellule (RC1, RC2) devient inférieur a un seuil
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prédéterminé.

Station de base (BS1, BS2) selon la revendication
11, 12 ou 13, comprenant un moniteur de tentative
d’accés aléatoire (22) configuré pour effectuer la dé-
tection de tentatives d’accés aléatoires a partir de
terminaux (T1, T2, T3, T5) non desservis par la cel-
lule (RC1, RC2) au cours d’une transmission inter-
mittente et la commande a 'organe de commande
de transmission (18) de sortir de la transmission in-
termittente et de retourner a une transmission nor-
male non restreinte siau moins une tentative d’accés
aléatoire a été détectée.

Station de base (BS1, BS2) selon la revendication
11, 12 ou 13, comprenant un moniteur de demande
de transfert intercellulaire (24) configuré pour effec-
tuer la détection de commandes de transfert inter-
cellulaire au cours d’une transmission intermittente
et la commande a 'organe de commande de trans-
mission (18) de sortir d’une transmission intermitten-
te et de retourner a une transmission normale non
restreinte si au moins une commande de transfert
intercellulaire a été détectée.

Terminal radio comprenant une unité de synchroni-
sation (34) recevant des signaux indiquant un plan-
ning temporel pour une transmission intermittente
d’informations a partir d’une cellule (RC1,RC2)dans
un cycle de transmission discontinue, le cycle de
transmission discontinue comprenant une période
de non-transmission et une période de transmission,
et les informations sont des informations pour aider
le terminal radio a trouver la cellule et a effectuer
des mesures de mobilité.

Terminalradio selon larevendication 16, dans lequel
lunité de synchronisation (34) est configurée pour
synchroniser un mode de réception discontinue du
terminalradio avec la transmission intermittente d’in-
formations dans un cycle de transmission disconti-
nue, le cycle de transmission discontinue compre-
nant une période de transmission et une période de
non-transmission, et les informations sont des infor-
mations pour permettre des mesures de mobilité.

Procédé de fonctionnement d’'un terminal radio,
comprenant les étapes de :

la réception (S20) de signaux indiquant un plan-
ning temporel pour une transmission intermit-
tente d’informations a partir d’une cellule (RCH1,
RC2) dans un cycle de transmission disconti-
nue, le cycle de transmission discontinue com-
prenant une période de non-transmission et une
période de transmission, et lesinformations sont
des informations pour aider le terminal radio a
trouver la cellule et a effectuer des mesures de
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11

mobilité.

19. Procédé selon la revendication 18, comprenant en

outre la synchronisation d’'un mode de réception dis-
continue du terminal radio avec la transmission in-
termittente d’informations dans un cycle de trans-
mission discontinue, le cycle de transmission dis-
continue comprenant une période de transmission
et une période de non-transmission, et les informa-
tions sont des informations pour permettre des me-
sures de mobilité.
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