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(57) Abstract: An arrangement for controlling energy consumption of a network node associated with a cell includes a terminal
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activity monitor (16) configured to detect active terminals served by the cell. A transmission controller (18) is connected to the
terminal activity monitor and is configured to restrict transmission downlink in the cell during time periods when there are no ac-
tive terminals served by the cell. During these time periods transmission is restricted to inermittent transmission of information as-
sisting active terminals not served by the cell in finding the cell.
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CONTROLLING ENERGY CONSUMPTION OF A WIRELESS
NETWORK NODE

TECHNICAL FIELD

The present invention relates generally to controlling energy consumption of a

wireless network node, such as a base station.

BACKGROUND

Energy consumption has long been an important issue for 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 excessive 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 cooling will fur-
ther add to the total energy consumption of a base station site. Similar
comments apply to other wireless network nodes, such as relays and repeat-

Crs.

SUMMARY

An object of the present invention is to reduce the amount of energy used by

a wireless network node.

This object is achieved in accordance with the attached claims.

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 ac-

tive terminals served by the cell, downlink transmission is restricted to inter-

ERICSSON EXHIBIT 1013, Page 2



10

15

20

25

30

WO 2010/093296 PCT/SE2009/050156

mittent transmission of information assisting active terminals not served by the

cell in finding the cell.

In addition to reducing the energy consumption of the wireless network node,
the present invention has the further advantage of reducing interference gener-

ated by the node.

The present invention is 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 symbols to be in sync with the net-

work.

According to another aspect of the invention, a radio terminal receives signals
indicating a time schedule for intermittent transmission of information from a
cell and synchronizes mobility measurements with the intermittent transmis-

sion of information.

According to still another aspect of the invention, 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

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 invention may be used;

Fig. 3 is a time diagram illustrating an embodiment of discontinuous op-

eration in accordance with the present invention;
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Fig. 4 is a flow chart illustrating an embodiment of the method of con-
trolling energy consumption in accordance with the present invention;

Fig. 5 is a flow chart illustrating further details of an embodiment of the
method of controlling energy consumption in accordance with the present in-
vention;

Fig. 6 is a block diagram illustrating an embodiment of an arrangement
for controlling energy consumption of a wireless network node in accordance
with the present invention;

Fig. 7 is a time diagram illustrating synchronization of paging in a termi-
nal 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 operat-
ing a radio terminal in accordance with another aspect of the present inven-
tion; and

Fig. 11 is a block diagram illustrating an embodiment of a radio terminal

in accordance with another aspect of the present invention.

DETAILED DESCRIPTION

The present invention 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.

Furthermore, the present invention 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 re-

peaters and home base stations.
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For the purposes of the present application a 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.

Similarly, “terminal” will be used to indicate different types of radio termi-

nals, such as mobile stations, UEs (User Equipments), laptops, etc.

Fig. 1 is a first 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 invention may be used. In this
scenario a micro cell managed by base station BS1 lies within the coverage

area of a macro cell managed by base station BS2.

In current cellular systems, e.g. HSPA (High-Speed Packet Access) and LTE,
the base stations continuously transmit certain forms of signals in the cell.
Examples of such signals are reference signals (pilots), synchronization sig-

nals 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 reference signals may also be used for estimation and re-
porting of the downlink channel quality to support base station func-

tions such as channel-dependent scheduling.

. Mobility cell search: Terminals regularly scan for neighboring cells.
The synchronization signals transmitted in a neighboring cell are used
to find and synchronize to a potential neighbor. Active terminals typi-
cally also report the received signal strength of reference signals (RSRP

(Reference Signal Received Power) measurements) transmitted by the
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neighboring 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 synchronization signals. Once a cell is
found and synchronization is obtained, the terminal reads the broad-
cast channel transmitted in the cell to obtain the necessary system in-

formation and performs a random access to connect to the network.

. Terminal synchronization: Idle terminals need synchronization 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 timing and frequency

errors etc.

When there are active users (terminals) in a cell, the cost of transmitting the
signals discussed above is justified. However, when there are no active users
in the cell, as in cell RC1 in Fig. 1 and 2, there is in principle no need for
these 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.

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 ampli-
fier as well as the baseband processing. The cell would 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 transmission activity, it is necessary to detect if a

terminal is moving into the idle cell. Such a terminal expects certain
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downlink signals (synchronization signals, reference signals, 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 must also be assisted in finding the cell.

Therefore, despite being in idle mode, the signals 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, out of T, seconds as illustrated in Fig. 3. The energy reduction at the

transmitter side is then approximately proportional to 7, /T, .

The value of 7, 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 7, is in the order of a few hun-

dred milliseconds the probability of not finding the idle cell is expected to be

sufficiently low.

The value T, should be large enough to allow for efficient reduction in energy
consumption. At the same time, a too large 7, means that terminals may not
find the idle cell. A typical value of 7, could be in the order of several sec-

onds or tens of seconds.

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.

In many cellular standards the synchronization signals are not transmitted

continuously. For example, in LTE synchronization signals are transmitted
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in (part of) subframe O and 5 in each radio frame (for FDD, for TDD the sub-
frames 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 O 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 ex-

panded time segment 7 in the top part of Fig. 3.

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 termi-
nals, the network can also wake up idle base stations in conjunction with
the handover procedure. For example base station BS2 (managing cell RC2)
commanding 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.

Fig. 4 is a flow chart illustrating an embodiment of the method of controlling
energy consumption in accordance with the present invention. In continuous
transmission (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, depending on the location of the active terminals). When
the active terminals have been handed over to 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 intermittent
transmission of information assisting active terminals not served by the cell in

finding the cell.
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The threshold 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.

In another embodiment step S3 is omitted even if there still are active termi-
nals 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 terminals may not be handed over to an-
other cell, for example due to high load in these cells, the threshold TH is typi-
cally set lower in this embodiment to minimize the risk of dropped connections.
A combination of these embodiments, where the base station enters DTX mode

as soon as the handover commands have been transmitted, is also possible.

Fig. 5 is a flow chart illustrating further details of an embodiment of the
method of controlling energy consumption in accordance with the present in-
vention. In step S10 the base station enters DTX mode. This corresponds to
step S4 in Fig. 4. Step S11 wakes the base station (for this cell) at the start of
the next DTX transmission period. In step S12 the base station transmits in-
formation assisting terminals in finding the cell, corresponding 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 sta-
tion 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 S16 tests whether the time period 7, 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) dur-

ing the time period 7, -7, in step S17, and then the procedure returns to step

S11 to wake up the base station again.
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A modification of the above flowchart includes allowing the cell to exit the DTX

mode not only during the active period 7, 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 S17.

When a base station enters DTX mode it may inform its neighbor cells of this
fact. In this way the neighbor cells can decide to reject handover requests to
the idle cell to reduce energy consumption in the system. In such an embodi-
ment handover requests to the idle cell will be accepted only if a cell is con-

gested or there is an apparent risk of loosing a connection.

Fig. 6 is a block diagram illustrating an embodiment of an arrangement for
controlling energy consumption of a base station in accordance with the pre-
sent invention. 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 connected to baseband processing unit 14 to receive a list of ac-
tive 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 hand-
over 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 indicates this in a binary terminal activity indica-
tor to a transmitter controller 18, which controls a switch SW that disconnects

a power supply 20 from transmitter 10.

The arrangement in Fig. 6 also includes a random access monitor 22, which
receives preambles from terminals that attempt random accesses during DTX
mode. A random access attempt indicator is forwarded to transmission control-
ler 18, which reconnects power supply 20 to transmitter 10 when a preamble is

detected.
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Furthermore, the arrangement in Fig. 6 includes a handover command moni-
tor, which receives handover commands from other base stations, for example
over the X2 interface, during DTX mode. A handover command indicator is for-
warded to transmission controller 18, which reconnects power supply 20 to

transmitter 10 when a handover request is detected.

The embodiment illustrated in Fig. 6 may optionally also include a DTX/CTX
indicator back to baseband processing unit 14 to switch baseband process-
ing between DTX and CTX mode. In this way unnecessary baseband signal

processing can be avoided during DTX mode.

Terminal activity monitor 16 in Fig. 6 may also be configured to restrict trans-
mission 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.

The functionality of the various blocks in Fig. 6 is typically implemented by one
or several micro processors or micro/signal processor combinations and corre-
sponding software. Blocks 16, 18, 22, 24 may be integrated 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 ref-
erence (pilot) signals, synchronization signals and broadcasted system informa-

tion. At least one of these has to be transmitted during the time periods 7, in

Fig. 3. Several procedures may be performed by the network and the termi-

nals 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 feature can be used
to let an active non-serving base station (the terminal is inactive, so it is not

served by any base station, it only listens to the paging channel) synchronize
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the DRX mode of the terminal with the time periods 7, when the base station

in intermittent mode transmits, as illustrated in Fig. 7.

An active terminal, which can perform mobility measurements at any time,
may be instructed by a base station to perform measurements at time in-

stants that lie in time periods 7, of a base station in DTX mode. This func-

tionality can be obtained in existing terminals by a firmware update.

Fig. 8 and 9 illustrate an embodiment of this aspect of the present invention. In
Fig. 8 step S20 receives signals indicating a time schedule for intermittent
transmission of information from a cell. Step S21 synchronizes mobility meas-
urements with the intermittent transmission of information. If the terminal is
active, the terminal is instructed to synchronize the mobility measurements
with the intermittent transmission. On the other hand, if the terminal is inac-
tive, it is instead instructed to listen to the paging channel during transmission
periods of the intermittent transmission. In this way the mobility measure-

ments are indirectly synchronized with the intermittent transmissions.

The radio terminal illustrated in Fig. 9 includes an antenna connected to a re-
ceiver 30, which forwards baseband signals to a baseband processing unit 32.
Baseband processing unit 32 extracts, among other signals, 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 synchronizer 34, which controls the mobility measurement
schedule of the receiver 30 and baseband processing unit 32. If desirable syn-

chronizer 34 may be integrated into unit 32.

The network can synchronize the DTX mode of several base stations. Both
local (base station to base station) and centralized (via the Operations Sup-

port System, OSS) synchronization is possible.
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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
frequencies. If this fails, the terminal performs an extended cell search in

which the search duration on each frequency is extended (i.e. longer than

the idle time period 7, -7, of base stations in DTX mode). This functionality

can be obtained in existing terminals by a firmware update.

Fig. 10 and 11 illustrate an embodiment of this aspect of the present invention.
In Fig. 10 step S30 performs 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.

Fig. 11 is a block diagram of a radio terminal incorporating this two-step cell
search. It includes an antenna connected to a receiver 30, which forwards
baseband 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 described 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.

Reference signals and synchronization signals are primarily designed for dif-
ferent purposes, but during idle mode operation they could have more or less
the same function. UEs that are not served by the idle eNodeB use these sig-
nals to find the cell and to measure the signal strength. Since synchroniza-
tion signals are designed to be easily detected they are beneficial to use 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
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during eNodeB idle mode operation. In that case the UE would have to esti-
mate the signal strength based on measurements on synchronization chan-
nels. 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 synchronization

signals as well as reference signals also during eNodeB idle mode operation.

Regarding the broadcast channel a UE could potentially detect such a
transmission from an idle eNodeB even if synchronization signals and refer-
ence signals were not transmitted, but it would result in degraded perform-
ance and longer cell search durations. Theoretically it would be possible for
the UEs to determine the signal strength of an idle eNodeB based only on
measurements on the broadcast channel. The broadcast channel 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 en-
closes the idle cell instead. In a preferred embodiment all three types of sig-
nals (i.e. synchronization, reference and broadcast) are transmitted from an
eNodeB in idle mode, but theoretically it is sufficient if only one of the sig-

nals are transmitted.

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.
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Discontinuous Reception
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A logical node handling transmission/reception in multiple cells

Operations Support System
Reference Signal Received Power

User Equipment
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CLAIMS

1. A method of controlling energy consumption of a wireless network node as-
sociated with a cell, including the steps of:
monitoring (S1) the number of active terminals served by the cell;
restricting (S4), during time periods when there are no active terminals
served by the cell, transmission downlink in the cell to intermittent transmis-
sion of information assisting active terminals not served by the cell in finding

the cell.

2. The method of claim 1, including the steps of

detecting (S2) when the number of active terminals served by the cell
falls below a predetermined threshold;

handing over (S3) active terminals still served by the cell to at least one
other cell;

restricting (S4) transmission downlink when there are no more active

terminals served by the cell.

3. The method of claim 1, including the step of restricting transmission
downlink when the number of active terminals served by the cell falls below a

predetermined threshold.

4. The method of claim 1, 2 or 3, including the steps of

monitoring random access attempts (S13) from terminals not served by
the cell during intermittent transmission;

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

tected.

5. The method of claim 1, 2 or 3, including the steps of

monitoring handover commands (S14) during intermittent transmission;
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leaving intermittent transmission (S15) and returning to unrestricted

continuous transmission if at least one handover command has been detected.

6. The method of claim 1, 2, 3, 4 or 5, wherein the coverage area of the cell lies

within the coverage area of another cell.

7. The method of claim 6, wherein the cell is a micro cell in a macro cell.

8. The method of claim 6, wherein the base station is a home base station.

9. The method of any of the preceding claims, wherein the intermittent trans-
mission of information includes at least one of:

transmission of reference signals;

transmission of synchronization signals;

transmission of broadcast information.

10. The method of any of the preceding claims, including the step of synchro-
nizing the intermittent transmission of information between several network

nodes.

11. An arrangement for controlling energy consumption of a wireless network
node associated with a cell, including:

a terminal activity monitor (16) configured to detect active terminals
served by the cell;

a transmission controller (18) connected to the terminal activity monitor
and configured to restrict, during time periods when there are no active termi-
nals served by the cell, transmission downlink in the cell to intermittent
transmission of information assisting active terminals not served by the cell in

finding the cell.

12. The arrangement of claim 11, wherein the terminal activity monitor (16) is

configured to

ERICSSON EXHIBIT 1013, Page 17



10

15

20

25

30

WO 2010/093296 PCT/SE2009/050156
17

detect when the number of active terminals served by the cell falls below
a predetermined threshold;

command handover of active terminals still served by the cell to at least
one other cell;

restrict transmission downlink when there are no more active terminals

served by the cell.

13. The arrangement of claim 11, wherein the terminal activity monitor (16) is
configured to restrict transmission downlink when the number of active termi-

nals served by the cell falls below a predetermined threshold.

14. The arrangement of claim 11, 12 or 13, including a random access attempt
monitor (22) configured to detect random access attempts from terminals not
served by the cell during intermittent transmission and to instruct the trans-
mission controller (18) to leave intermittent transmission and return to unre-
stricted normal transmission if at least one random access attempt has been

detected.

15. The arrangement of claim 11, 12 or 13, including a handover request moni-
tor (24) configured to detect handover commands during intermittent trans-
mission 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.

16. A base station including an arrangement in accordance with any of the pre-

ceding claims 11-15.

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

receiving (S20) signals indicating a time schedule for intermittent trans-
mission of information from a cell;

synchronizing (S21) mobility measurements with the intermittent trans-

mission of information.
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18. The method of claim 17, including the step of
synchronizing a discontinuous reception mode of the radio terminal with

the intermittent transmission of information to allow mobility measurements.

19. A radio terminal, including a synchronization unit (34) receiving signals
indicating a time schedule for intermittent transmission of information from a
cell, to synchronize mobility measurements with the intermittent transmission

of information.

20. The radio terminal of claim 19, wherein the synchronization unit (34) is
configured to synchronize a discontinuous reception mode of the radio terminal
with the intermittent transmission of information to allow mobility measure-

ments.

21. A method of operating a radio terminal, including the steps of
performing a first cell search (S30) over a multitude of frequencies;
performing, if the first cell search fails, a second cell search (S32) in

which the search duration on each frequency is extended.

22. A radio terminal, including a cell search unit (36} configured to operate in a
first mode performing a first cell search over a multitude of frequencies, and a
second mode performing a second cell search, in which the search duration on

each frequency is extended.

23. The radio terminal of claim 22, wherein the cell search unit (36} is config-

ured to perform the second cell search if the first cell search fails.
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