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METHOD AND TELECOMMUNICATIONS 
NFRASTRUCTURE FOR ACTIVATING AN 

NACTIVE CELL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of and claims 
priority to U.S. application Ser. No. 13/696.267, filed Nov. 
5, 2102, which is a national stage entry of PCT/EP2011/ 
057093, filed May 4, 2011, and claims priority to EP 
101621928, filed May 6, 2010; EP 10187119.2, filed Oct. 
11, 2010; and EP 10196958.2, filed Dec. 24, 2010, all five 
of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention relates to the field of telecommunications 
infrastructures. More specifically, the invention relates to the 
field of activating inactive cells of a telecommunications 
infrastructure for purposes such as controlling energy con 
Sumption and electromagnetic radiation, particularly reduc 
ing energy consumption or electromagnetic radiation. 

BACKGROUND OF THE INVENTION 

The operation of wireless access networks for enabling 
wireless communication is highly energy consuming. In 
view of current environmental concerns, increased attention 
is paid recently to the energy consumption of telecommu 
nications networks. 

Various studies have been performed to reduce conven 
tional energy consumption in wireless access networks, e.g. 
by exploring the option of using Sustainable energy sources 
(Ericsson AB White Paper “Sustainable energy use in 
mobile communications, June 2007). 

With the development of the 3GGP Long Term Evolution 
(LTE) network, energy saving for the network is also 
approached in the context of self organizing networks 
(SON). In a White Paper of NEC, dated February 2009, 
“NEC's proposals for next-generation radio network man 
agement, energy is considered as a significant part of the 
operation expenses of a cellular network. It is recognized 
that the main saving potential resides in using variations in 
load over time, that allows to switch off parts of the 
resources, for example during the night. When a complete 
base station is switched off, other base stations of the access 
network need to make up for the reduction in coverage area 
and capacity. This requires coordination between the nodes. 
A similar use case is described in 3GGP TR 36.902 v9.1.0 
“Self-configuring and self-optimizing network (SON) use 
cases and solutions'. 
Once base stations (or one or more cells thereof) have 

been deactivated, at Some point in time these base stations 
(or cells) may have to be reactivated again. Thus, a decision 
is required when and/or which base stations or cells need to 
be activated. 
A first solution would be to activate the base stations or 

cells at a predetermined time. As an example, it can be 
imagined that fewer base stations need to be active during 
night time and more base stations need to be active during 
the day. 

Another solution would be to activate all inactive cells 
adjacent to (i.e. relevant for) a currently active cell when the 
currently active cell detects a certain traffic load exceeding 
a threshold or detects a rising traffic load. 
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2 
There is a need in the art to improve these solutions by 

determining more accurately which base stations and/or 
cells should be activated. 

SUMMARY OF THE INVENTION 

A method for activating at least one inactive cell in a 
wireless telecommunications infrastructure is disclosed. The 
telecommunications infrastructure comprises an active cell 
containing a plurality of terminals. A presence signal is 
transmitted in the at least one inactive cell. The plurality of 
terminals in the active cell (which are not necessarily all 
terminals in the active cell) detect the presence signal(s) of 
the one or more inactive cells to gather information about the 
inactive cell. The information is reported to and received at 
the telecommunications infrastructure. The information 
received from the plurality of terminals is processed in a 
processing system of the telecommunications infrastructure 
to provide a processing result. It should be appreciated that 
the information contained in Some reports from Some ter 
minals need not necessarily be processed. The inactive cell 
is activated when the processing result fulfils at least one 
activation condition such that at least one of the plurality of 
terminals is within a coverage area of the activated cell. 

Capabilities of terminals to gather information about a 
cell (e.g. to measure a signal transmitted by a cell) and to 
report Such information are known in the art, for example to 
gather information about a neighbour cell in order to con 
sider a handover to a neighbour cell. Examples for LTE 
include measuring and reporting Reference Signal Received 
Power (RSRP) and Reference Signal Received Quality 
(RSRO). Also see 3GPP TS 37.320 “Radio measurement 
collection for Minimization of Drive Tests (MDT). 
Examples for UMTS include measuring and reporting 
Received Signal Code Power (RSCP) and a quantity indi 
cated as Ec/Io. For other technologies comparable quantities 
have been defined. 

Processing information received from terminals may also 
include combining the received information with other 
information available to the infrastructure, such as the 
number of (failed) handover requests to an inactive cell, the 
number of (rejected) session requests from terminals trying 
to connect to an inactive cell, the positions of (some of) the 
terminals, the current load in an active cell, history or 
statistics of the history of the load in a cell, the location of 
a cell and the typical coverage area of a cell when active. 

Receiving and processing information may continue e.g. 
until an activation condition has been fulfilled, or until a 
predetermined time has elapsed (e.g. since commencing to 
transmit a presence signal in an inactive cell) while an 
activation condition is not fulfilled, or until substantially no 
more additional information is received in relation to the 
transmission of a presence signal while an activation con 
dition is not fulfilled. It should be appreciated that gathering 
adequate information about an inactive cell transmitting a 
presence signal may take some time, depending for example 
on how quickly a terminal may be informed about the 
measurements to be performed, on the type and duration of 
measurements to be performed (which may include perform 
ing signal strength and/or signal quality measurements on an 
inactive cell's presence signal, performing handover evalu 
ations, cell reselections and location area updates), on the 
way a terminal is able to perform the requested functions, on 
the complexity and number of reports a terminal may 
prepare, on the way the telecommunication infrastructure 
may receive the reports, on the type and number of reports 
and/or events to be received, on the fraction of the reports 

Samsung Ex. 1001, Page 9 of 20



US 9,462,544 B2 
3 

that include location information and on the accuracy of the 
location information, etc. The time period from commencing 
to transmit a presence signal in an inactive cell to the 
moment a decision is taken on whether or not to activate the 
inactive cell may be referred to as a probing period. 

Fulfilling an activation condition may be that the process 
ing result indicates, for example, that the number of termi 
nals which are estimated to be in the best server area of an 
inactive cell, when activated, is above a predetermined 
number of terminals or is above a predetermined fraction of 
the terminals currently served by one or more active cells, or 
that the load (expressed e.g. in the number of calls or in an 
aggregated bit rate or in another load measure) that is 
estimated to be absorbed by an inactive cell, when activated, 
is above a predetermined load measure. 
A computer program containing software code portions 

(possibly distributed over several components in the tele 
communications infrastructure) for performing the method 
when executed by a processing system is also disclosed. 
A wireless access telecommunications infrastructure com 

prising an active cell and at least one inactive cell is also 
disclosed. The active cell can contain a plurality of terminals 
is also disclosed. The infrastructure comprises a presence 
signal generator configured for generating a presence signal 
to be transmitted in the at least one inactive cell. The 
infrastructure further comprises a receiver configured for 
receiving reports from the plurality of terminals detecting 
the presence signal and a processor System configured for 
processing information contained in the reports received 
from the plurality of terminals to provide a processing result. 
The processing system may be part of the telecommunica 
tions infrastructure or be (partly) connected to the telecom 
munications infrastructure in which case the processing 
system is considered part of the telecommunications infra 
structure. The infrastructure further comprises an activator 
configured for activating the inactive cell when the process 
ing result fulfils at least one activation condition Such that at 
least one of the plurality of terminals is within a coverage 
area of the activated cell. By using the (partly) existing 
capabilities of terminals to measure and report information 
received from neighbouring cells (typically applied for e.g. 
handover operations), the transmission of the presence sig 
nal in the currently inactive cell enables the telecommuni 
cations infrastructure to assess whether the terminals recog 
nize this cell as an appropriate target, i.e. whether the 
terminals currently connected to or camping on the active 
cell are likely able to be connected to or camp on a currently 
inactive cell. The telecommunications infrastructure is con 
figured to receive and process the information relating to the 
inactive cell(s) from the reports of various terminals within 
the active cell (possibly, but not necessarily, all terminals in 
the active cell). The reported information, possibly com 
bined with other information available to the infrastructure, 
forms the basis to decide whether or not to actually activate 
the currently inactive cell (i.e. to change the network con 
figuration of the telecommunications infrastructure) in order 
for the terminal to connect to or camp on the activated cell 
via a handover operation or cell reselection, respectively. 
The information can be used by an energy evaluation 

algorithm for determining whether energy consumption of 
the telecommunications infrastructure can be reduced or 
used in an efficient manner, e.g. by efficiently controlling 
activation of cells in the telecommunications infrastructure 
if required. 
The method and telecommunications infrastructure may, 

in addition or alternatively, also be applied for other pur 
poses. As an example, similar considerations apply to the 
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4 
reduction of electromagnetic radiation produced by a base 
station. For example, for health reasons it is advisable to 
limit the amount and duration of electromagnetic radiation 
to a level that is strictly necessary for the operation of the 
base station. When the level of electromagnetic radiation can 
be reduced or when a base station can be switched off, this 
may be well-appreciated by the population in the vicinity of 
the base station. Considerations may either apply to the 
complete telecommunications infrastructure or to a part of 
the infrastructure, e.g. for a plurality of cells. For example, 
heavily populated areas may be selected to have low elec 
tromagnetic radiation density, whereas in less densely popu 
lated areas, the electromagnetic radiation levels can be 
higher. In addition to health concerns, there may also be 
technical reasons to restrict the electromagnetic radiation, 
and therewith the possibility and level of interference expe 
rienced in adjacent areas. 

It should be appreciated that the active cell and inactive 
cell may relate to any type of radio access technology (RAT) 
including, but not limited to GSM, UMTS, LTE, Wimax etc. 

It should further be appreciated that the measurements for 
information on the inactive cell(s) of terminals in the active 
cell may relate to a single radio access technology (intra 
RAT) or multiple different radio access technologies (inter 
RAT). An example of inter-RAT includes a terminal in an 
active UMTS cell performing measurements on an inactive 
GSM cell. 
The method and telecommunications infrastructure also 

allow taking account of the distribution of terminals in the 
active cell. For example, if the analysis reveals that a 
considerable number of terminals served by the active cell 
finds themselves near the edge of the active cell (i.e. the 
reported measurement information indicates a high signal 
level or signal quality for the presence signal of neighbour 
ing inactive cells and much lower levels for the active cell 
for a considerable number of terminals), the total energy for 
the telecommunications infrastructure may be reduced by 
activating one or more inactive cells and hand over these 
terminals to these cells. 

In the present application, an active cell is considered a 
cell enabling connection of a terminal to the base station 
responsible for the cell. In other words, the cell is fully 
operational. 
An inactive cell is considered a cell that is not intended to 

carry any Voice or data traffic but may transmit a presence 
signal during particular time intervals or continuously. A 
presence signal may comprise a beacon signal. Such as 
BCCH in GSM network, CPICH in UMTS network or 
reference symbols in LTE in order to indicate the presence 
of the cell. In addition, the inactive cell may at least transmit 
Some system information (e.g. cell identity, power level of 
its beacon signal, etc.), for example on a broadcast signal 
(BCH) containing system information blocks (MIB, SIB, 
etc.), depending on its level of functionality. A presence 
signal may also include a synchronization channel (SCH), 
commonly used in mobile communication systems such as 
GSM, UMTS and LTE, for cell search, for identifying a cell 
and for synchronization with a cell. An inactive cell may, 
during a probing period transmit a presence signal, for 
example reference symbols in LTE or CPICH in UMTS, 
synchronisation signal (SCH) and broadcast signal (BCH) 
containing system information blocks (MIB, SIB, etc) while 
not accepting any normal traffic, such as voice or data 
connections. 
The inactive cell can become an active cell by applying 

the method disclosed herein. The inactive cell may be an 
inactive cell because it does not accept handover for active 
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terminals to the inactive cell or because it redirects connec 
tions to an active cell once a connection is requested from a 
terminal in the inactive cell. Such methods are known in the 
art and may for example be realised by settings a call 
admission control function (CAC) to block any handover 
request or any request for setting up a new session. 
The main purpose of the inactive cells to transmit the 

presence signal is to allow the terminals in the active cell to 
perform measurements on these inactive cells and to report 
Such measurements to the network. Terminals in the active 
cell can be distinguished between terminals in the active 
mode (active terminals) and terminals in the idle mode (idle 
terminals). A terminal with an active connection (e.g. a voice 
call or data being exchanged) is said to be in active mode 
or “connected mode’. When the terminal is in active mode 
(active terminal), the network has detailed knowledge about 
the terminal and knows by which cell it is served. A terminal 
which is powered on but without an active connection is said 
to be in idle mode’. When the terminal is in idle mode (idle 
terminal), the network has limited knowledge about the 
mobile station and only knows in which paging or location 
area the terminal may be paged. In idle mode the terminal 
listens to e.g. a broadcast channel or a paging channel of a 
particular cell. It is said that the terminal camps on that cell. 
Consequently, a decision as to activate an inactive cell (or 
which active cell(s) from a set of inactive cells) can thus be 
based on information gathered from terminals in different 
states, i.e. from active terminals (terminals which have an 
active connection with the network for conveying traffic) 
and possibly from idle terminals (terminals which do not 
have an active connection with the network). 
As a first example, a decision to activate an inactive cell 

may be based on the information gathered only from active 
terminals, for example by one or more of the following: 

1. Counting requests for handover from active terminals 
with the inactive cell as target/destination. 

2. Receiving and processing reported measurements from 
active terminals, e.g. signal strength and/or quality of the 
presence signal transmitted in an inactive cell, location 
information (e.g. determined by GPS or by the mobile 
network), etc. 

3. Counting requests for a new session from active 
terminals that attempted to set up a connection with the 
inactive cell (and were refused and/or redirected towards an 
active cell because the inactive cell does not accept normal 
traffic). 

4. Any other measurements by active terminals that would 
be useful in deciding whether or not to activate an inactive 
cell. 
As a second example, a decision to activate an inactive 

cell may be based on the information gathered both from 
active terminals and from idle terminals. In addition to the 
possibilities listed above for active terminals, from the idle 
terminals one or more of the following could be used: 

1. Counting events of cell reselection by an idle terminal 
from an active cell to an inactive cell. This may in particular 
be relevant to an inter-RAT case. For example, an idle 
terminal that was originally camped on an active cell rese 
lects to an inactive cell and then camps on the inactive cell. 

2. Counting events of a location area update (e.g. as a 
result of a cell reselection). 

3. Receiving an processing measurements performed by 
idle terminals, e.g. about signal strength and/or quality of the 
presence signal transmitted in an inactive cell, location 
information (e.g. determined by GPS or by the mobile 
network), etc. 
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6 
4. Any other measurements by idle terminals that would 

be useful in deciding whether or not to activate an inactive 
cell. 
As a third example, a decision to activate an inactive cell 

may be based on the information gathered only from idle 
terminals. However, this is not preferred, because the infor 
mation from currently active terminals is considered to be 
highly relevant and relatively easy to obtain. 
As indicate above, an inactive cell is considered a cell that 

is not intended to carry any voice or data traffic but may 
transmit a presence signal. That leaves a whole spectrum of 
additional capabilities which may or may not be available in 
an inactive cell while transmitting a presence signal during 
a probing period. Two examples will be provided towards 
the ends of that spectrum; a first example of an inactive cell 
with close to full functionality and a second example of an 
inactive cell with close to minimum functionality. It may be 
noted that the functionality of an inactive cell also has some 
impact on the role the inactive cell may have in gathering 
information about the inactive cell. 
A first example of an inactive cell is a cell which does not 

accept any normal data or voice traffic from a terminal 
(realised, for example, by proper settings of the connection 
admission function, which blocks any handover towards the 
or session set-up to the inactive cell) but is otherwise close 
to fully functional. For example, the Tx and Rx chains may 
be fully functional, the interfacing with the core network (in 
LTE the for example X2 or S1 interface, in UMTS for 
example the Ilub interface with the RNC) may be activated, 
etc. Consequently, the inactive cell may be able to receive 
measurement reports from active and/or idle terminals, may 
be able to process or forward these reports, may be able to 
receive location area updates from idle terminals, etc. Also, 
requests for handover towards the inactive cell and requests 
for setting up a session to the inactive cell may be received 
and properly responded to, i.e. be refused or redirected 
towards an active cell. It is expected that with a close to full 
functionality during a probing period, a noticeable energy 
consumption is unavoidable but that still a major energy 
saving is achieved by not allowing normal data or voice 
traffic. 
A second example of an inactive cell is a cell which only 

performs close to the minimum of functions, i.e. the trans 
mission of a presence signal. For example, only the down 
link signalling (such as pilot channel/reference symbol, 
SCH, BCH, etc.) are active to indicate the presence and the 
identity of the inactive cell and to allow the terminals to 
perform measurements on the presence signal of the inactive 
cell. The inactive cell may be configured to not receive any 
signalling messages (e.g. related to handover, to session 
set-up, to location area updates, to measurement reports, 
etc.) during the probing interval. Communication with the 
core network may likewise be restricted to, for example, 
receiving management commands related to the transmis 
sion of the presence signal (including any associated infor 
mation), to the activation of the inactive cell and to trans 
mitting some status information. It is expected that with a 
close to minimum functionality during a probing period, a 
very high energy saving is achieved. 

Between the ends of the spectrum a trade-offmay be made 
between the energy consumption and the functionality pro 
vided by (and associated therewith the ease of information 
gathering) an inactive cell during its probing period. 
The method for assessing whether activation of the inac 

tive cell is possible or required can be performed during 
Subsequent time intervals (e.g. periodic time intervals) in 
order to not bother the terminals (battery saving) and the 
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network (reduction of network load) continuously. However, 
(semi-) continuous performance of the method when one or 
more cells are currently inactive may be an attractive alter 
native for rapid assessment of opportunities to change the 
configuration of the telecommunications infrastructure. 

In an embodiment of the invention, the terminals may be 
provided with measurement and/or reporting parameters in 
order to control measurement and reporting operations by 
the terminals in the active cell. The parameters may e.g. be 
provided over a connection via the active cell to a terminal 
that is in the active mode or broadcasted in the active cells 
to terminals in the active or idle mode. The measurement 
parameters trigger terminals to perform measurements. The 
reporting parameters instruct terminals (when) to report 
measurements to the network. 

In existing wireless access telecommunications networks, 
terminals usually already perform measurements in certain 
conditions and may report measurement results in certain 
other conditions. For example, active terminals in handover 
regions between adjacent cells usually already report mea 
surement information from the adjacent cells to the network 
in order for the network to perform a handover decision for 
each individual terminal. The measurement parameters pro 
vided to the terminals not only allow to obtain measurement 
information from active terminals in the handover region but 
also allow to obtain information about neighbour inactive 
cells from active terminals outside the handover region and 
from idle terminals within the active cell. These terminals 
may report that information to the telecommunications infra 
Structure. 
As a first example, a reporting threshold usually applied 

in the terminal to prevent reporting measurements about 
neighbour signals with a signal level which is insufficient 
compared to the signal from the serving cell to be relevant 
for a possible handover may be adjusted temporarily to 
allow also reporting signal levels which would otherwise be 
considered insufficient. As a second example, a signal level 
threshold usually applied in the idle terminals to prevent 
performing measurements on neighbour cells when the 
signal level from the serving cell is more than adequate, may 
be adjusted (e.g. increased) temporarily to allow measure 
ments on neighbour cells. Providing the measurement and/or 
reporting parameters to the terminals in the active cell 
enables more terminals and enables terminals at more loca 
tions in the active cell (e.g. not only in what would normally 
be considered the handover region between two cells) to 
perform measurements and/or to provide reports to the 
network. 
The telecommunications infrastructure may comprise 

several inactive cells that may concurrently or sequentially 
transmit the presence signal, enabling the terminals to mea 
Sure signals from a plurality of cells concurrently or sequen 
tially to allow the network to obtain a more complete picture 
of the possibilities for a network configuration change. The 
inactive cells may be located in the active cells (e.g. micro 
cells), may be adjacent to the active cell or may be located 
further away from the active cell. The plurality of inactive 
cells may have an aggregated estimated coverage area that 
at least partially overlaps the coverage area of the active cell. 

Concurrent transmission of a presence signal by several 
inactive cells may be time efficient and may provide a 
slightly different picture of the network situation. For 
example, in a situation with overlapping inactive cells, a 
sequential transmission of the presence signal could indicate 
that a particular user device would select more than one 
inactive cell if only a single of these inactive cells would be 
activated, whereas concurrent transmission of the presence 
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8 
signal would indicate which of these inactive cells the same 
user device would select if all these inactive cells would be 
activated. Sequential transmission of a presence signal may 
be work load efficient as it allows to refrain from completing 
the entire envisaged sequence, for example if the thus far 
collected information appears to be satisfactory. Sequential 
transmission of a presence signal may involve the sequential 
transmission in groups of inactive cells to assess the best 
combination. The sequential variant may use history infor 
mation to first transmit a presence signal in inactive cells that 
previously turned out Successful candidates for activation. 

In an embodiment, a reporting identifier is transmitted in 
the inactive cell. The present application also discloses a 
signal transmitted in a cell of the infrastructure, wherein the 
signal comprises the reporting identifier. 

Active terminals in the active cell may receive the report 
ing identifier and transmit the reporting identifier with the 
report in order to enable the telecommunications infrastruc 
ture to distinguish between reports from terminals related to 
normal handover (to an active cell) and reports from termi 
nals reporting information about the inactive cells for assess 
ing whether the inactive cell should be activated. 

Idle terminals detecting the reporting identifier from the 
inactive cell may be configured to use this identifier to 
prevent cell reselection by the idle terminal to the inactive 
cell, to report the information about the inactive cell to the 
telecommunications infrastructure via the active cell before 
reselection to the inactive cell, or to report information about 
the inactive cell to the inactive cell when the inactive cell is 
configured to receive such reports. 
One embodiment is advantageous for the reason that the 

number of idle terminals is normally much greater than the 
number of active terminals. Having a plurality of idle 
terminals reporting information on the presence signal(s) 
from the inactive cell(s) may greatly contribute to the 
complete picture of opportunities for reconfiguration of the 
telecommunications infrastructure and also may indicate 
possible traffic load in the near future. For the idle terminals 
to transmit reports to the telecommunications infrastructure, 
these terminals should temporarily become active. 

Apart from the mechanism for idle terminals described 
above, other embodiments provide several other mecha 
nisms for participation of idle terminals in the method 
according to the invention. These embodiments are 
described in further detail in the detailed description. 

Briefly, one embodiment comprises temporarily decreas 
ing a location area update period (or a similar period) in at 
least one of the active cell and the inactive cell. The 
embodiment is advantageous as it may require no or only 
few modifications to currently existing networks. 

Another embodiment comprises the idle terminals to 
report measurement information to the telecommunications 
infrastructure via the active cell, whereas these terminals 
would otherwise reselect to the inactive cell and attempt 
reporting to the inactive cell. This embodiment allows the 
inactive cells to maintain a status wherein these cells are not 
able or are configured not to be able to receive reports. 
A further embodiment comprises transmitting a paging 

message in the active cell instructing the idle terminals to 
obtain and/or report the information. The idle terminals 
listen to broadcast and paging channels and can be triggered 
to detect information from inactive cells using these chan 
nels. Using Such paging message, less need exists to tem 
porarily reconfigure the system information of the active cell 
different from the normal operation. This is particularly true 
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if the paging messages carry configuration parameters for 
the idle terminals, such as the measurement and/or reporting 
parameters. 
Some embodiments require modifications to the process 

ing capabilities of currently existing wireless terminals. The 
present application discloses a wireless terminal for use in 
these embodiments. 

Hereinafter, embodiments of the invention will be 
described in further detail. It should be appreciated, how 
ever, that these embodiments may not be construed as 
limiting the scope of protection for the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIGS. 1A and 1B are schematic illustrations of base 

stations in a wireless access telecommunications infrastruc 
ture providing active cells and inactive cells; 

FIG. 2 is a schematic illustration of a telecommunications 
infrastructure comprising a base station defining an active 
cell containing a plurality of terminals and a base station 
providing an inactive cell transmitting a presence signal; 

FIG. 3 is a flow chart illustrating various steps of a method 
according to an embodiment of the invention; 

FIG. 4 is a flow chart illustrating the information pro 
cessing step in further detail; 

FIGS. 5-8 are flow chart illustrating steps of a method for 
participation of idle terminals and 

FIG. 9 is a schematic illustration of a wireless terminal 
configured for being operable in the telecommunication 
infrastructure of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1A is a schematic illustration of base stations BS 
A-BSG in a wireless access telecommunications infrastruc 
ture providing a plurality of active cells. Each base station 
location comprises three sectors, thus covering an area 
around the base station location. For example, cell A1 of 
base station location BSA serves its best server area marked 
a1. Similarly, cell A2 and A3 of the same location serve 
their best server area marked a2 and a3 respectively. A 
same set-up is shown for the other base station locations BS 
B to BSG. In FIG. 1A, the regular pattern of base stations 
and sectors leads to the commonly known hexagonal pattern 
of coverage areas. 

FIG. 1B shows the same areas in a lightgrey colour. For 
example for energy saving reasons, some cells at base 
station locations Band Chave been switched off and cell A1, 
together with some other cells (not shown) now provides 
service to some of BS B and BSC's best server areas. In 
FIG. 1B, a darker gray shading illustrates that cell A1 
provides service not only in its own or native area a1, but 
also in areas b2 and c3 and in part of the areas b3 and c2. 
Other cells may similarly have been switched off and service 
in their (native) areas may be provided by one or more of 
the Surrounding cells. 

FIG. 2 is a schematic illustration of a wireless access 
telecommunications infrastructure 1 comprising a base sta 
tion BSA defining an active cell A1 containing a plurality of 
active terminals Ta and idle terminals Ti. Base station BS B 
provides an inactive cell B1 wherein it transmits a presence 
signal P. 

Telecommunications infrastructure 1 comprises a pres 
ence signal generator 2 for generating the presence signal P 
via interface 3. The telecommunications infrastructure 1 
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10 
further comprises a receiver 4 configured for receiving 
reports from the plurality of terminals Ta, Ti detecting the 
presence signal P. A processor System 5 is configured for 
processing information contained in the reports received 
from the plurality of terminals Ta, Tito provide a processing 
result. The processor system 5 has an activation module 6 
configured for activating the inactive cell of BSB when the 
processing result fulfils at least one activation condition Such 
that at least one of the plurality of terminals Ta, Ti is within 
a coverage area of the activated cell B1 of base station BS 
B. 

Various events may trigger the telecommunications sys 
tem 1 to operate the method as illustrated in the flow chart 
of FIG. 3. The method may be performed periodically or 
continuously, wherein generator 2 periodically or continu 
ously generates the presence signal P in inactive cell B1. In 
at least some situations, it is advantageous to transmit the 
presence signal P concurrently by several related cells 
(rather than transmitting the presence signal P for separate 
cells, e.g. one-by-one). For example, in FIG. 1B, it may be 
advantageous to perform the method and evaluation con 
currently for cells B3, B2, C3 and C2. A same or similar 
advantage may apply to cells which otherwise provide 
mutual coverage or are in close proximity of each other. 
Alternatively or in addition, the transmission of the presence 
signal P may be initiated by a predetermined condition in an 
active cell A1 verified by processing system 5, e.g. a traffic 
load exceeding a threshold or a traffic load showing a 
Substantial increase. 
The method as illustrated in the flow chart of FIG.3 may 

be performed as follows. In step 3-I, a presence signal P is 
generated by generator 2 and transmitted in the at least one 
inactive cell of base station BS B. The plurality of terminals 
Ta, Ti in the active cell A1 (which are not necessarily all 
terminals in the active cell) detect and measure the presence 
signal P of the inactive cell B1 and gather information about 
the inactive cell (e.g. signal level/quality of presence signal 
P and cell identity of inactive cell B1). The information is 
reported to and received at the telecommunications network 
via the active cell A1 and receiver 4 (step 3-II). Alterna 
tively, some of the information, in particular from idle 
terminals Ti, may be also reported via inactive cells, pre 
Suming these are configured for at least receiving Such 
reports. The information received from the plurality of 
terminals Ta, Ti is processed in processing system 5 to 
provide a processing result (step 3-III). It should be appre 
ciated that the information contained in Some reports from 
Some terminals need not be processed by processing system 
5 and that processing system 5 may use additional informa 
tion not received from the terminals (e.g. information typi 
cally available from a management system Such as the 
location and configuration of the base stations etc.). The 
inactive cell B1 is activated in step 3-IV when the processing 
result fulfils at least one activation condition such that at 
least one of the plurality of terminals Ta, Ti is within a 
coverage area of the activated cell B1. 

FIG. 4 shows a flow chart exemplifying some steps of 
processing step 3-III in further detail. The telecommunica 
tions infrastructure 1 allows to take account of the distribu 
tion of terminals Ta and Ti in the active cell A1. The 
information obtained from the terminals Ta (Such as mea 
Sured signal level/quality or path loss) can be applied for 
energy reduction purposes. For example, if the analysis (e.g. 
based on the reported signal level measurements) reveals 
that a considerable number of active terminals Ta served by 
the active cell A1 finds themselves near the edge of the 
active cell A1 as shown in FIG. 2 and is transferable to 
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inactive cell B1 (step 4-I), a reconfiguration of the network 
can be analysed (step 4-II) wherein the inactive cell B1 is 
activated (step 4-II). The activation condition wherein the 
total energy for the telecommunications infrastructure 1 can 
be reduced (step 4-III) may be fulfilled since the power 
reduction estimated to be obtained by transferring these 
terminals away from active cell A1 may be more than the 
power estimated to be required for an activated cell B1 and 
for serving these terminals by cell B1. 
The analysis as depicted in FIG. 4 may also be used for 

increasing the energy consumption of the telecommunica 
tions network in an efficient manner. As an example, if the 
load in active cell A1 increases, at Some point in time 
additional cells need to be activated. Reports from the active 
terminals Ta may indicate (e.g. from the signal levels/signal 
quality reported about the presence signal P of cell B1) that 
cell B1 is a suitable candidate for activation. 
As an alternative or in addition, triggered reports from 

idle terminals Ti may be considered in the decision which 
cell is most suitably reactivated to alleviate the effects of the 
local traffic overload. Note that the number of idle terminals 
in a cell is usually much larger than the number of active 
terminals. Reports from such idle terminal typically indicate 
the best cell as selected by each triggered idle terminal, 
choosing from both active and inactive cells that transmit a 
presence signal P. Counting for each inactive cell transmit 
ting presence signal P how many idle terminals Ti (option 
ally: how many idle terminals that currently camp on the 
overloaded active cell) would prefer that inactive cell, 
provides an indication of the near-future traffic load that can 
be absorbed by the inactive cell when fully reactivated, thus 
relaxing the currently overloaded active cell from that 
(potential) burden. Instead or along with the information 
on the active terminals Ta, the information on the idle 
terminals Ti can be considered in the decision process 
regarding which inactive cell to activate. 

Several methods of triggering active user terminals Ta and 
idle terminals Tito obtain information on the inactive cell(s) 
and to report this information will now be discussed in 
further detail. 

Generally, the terminals may be provided with measure 
ment and/or reporting parameters in order to control mea 
Surement and reporting operations by the terminals in the 
active cell A1. The parameters may e.g. be provided over a 
connection via the active cell to an active terminal Ta or 
broadcasted in the active cell A1 to active and idle terminals 
Ta, Ti using e.g. system information blocks SIB. 
An active terminal Ta receives instructions from the 

network about which measurements to perform and which 
events to report to the network (e.g. the event that a 
neighbour inactive cell B1 is detected with a signal strength/ 
quality that is better by xdB than that of the currently serving 
active cell A1). When a measurement leads to one of the 
specified events, the terminal Ta reports the relevant infor 
mation (e.g. an identification of the detected neighbour 
inactive cell B1, its measured present signal level/quality 
and the measured signal level/quality of the active cell A1) 
over the existing connection to the telecommunications 
infrastructure 1. Either in response to a report from a 
terminal Ta or autonomously, the telecommunications infra 
structure 1 may instruct the terminal Ta to perform addi 
tional measurements of a same or different kind and to report 
the results. 

Base station BS B may transmit a reporting identifier, 
hereinafter also referred to as probing flag, in the inactive 
cell B1. Active terminals Ta in the active cell A1 may receive 
the reporting identifier and transmit the reporting identifier 
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12 
with the report containing information regarding inactive 
cell B1. The active terminal Ta is thus configured to recog 
nize the reporting identifier and to include this reporting 
identifier in the report containing the information on the 
inactive cell B1. This facilitates the processing system 5 of 
telecommunications infrastructure 1 to more easily distin 
guish between terminals Ta-ho (see FIG. 2) reporting in the 
context of a normal handover to another active cell (not 
shown in FIG. 2) and terminals Ta reporting information 
from the inactive cell B for assessing whether the inactive 
cell should be activated. An alternative for enabling the 
telecommunications infrastructure 1 to distinguish between 
reports relating to normal handovers and reports to be 
analyzed towards a decision whether to activate an inactive 
cell is to inform the base station BS A (or at least the 
associated entity normally handling the handover-related 
reports) of the identity of the inactive cells transmitting 
presence signals. Such that reports related to an identity of an 
inactive cell can be excluded from being processed towards 
a handover decision and can be forwarded to processing 
system 5. 

In order for idle terminals in active cell A1 to be triggered 
to obtain information about inactive neighbour cell B1, 
various parameters may be broadcasted in the active cell A1 
in the system information block SIB for cell reselection. One 
example of Such a parameter is an absolute signal level 
threshold Ts, search. This threshold is used by idle terminals 
as a reference for the received signal level Srxlev, measured 
by the terminals, from the active cell A1 and to decide if 
neighbour measurements for cell reselection are needed. 
Different values might be assigned to Ts, search for the 
measurement of intra-frequency, inter-frequency and inter 
RAT neighbours. If Srxlev<Ts.search, the terminal will 
search for corresponding (intra-frequency, inter-frequency 
or inter-RAT) neighbour cells and measure the received 
signal level Nrxlev and/or Ndual. Nrxlev is the received 
signal level of the presence signal from a neighbour cell, e.g. 
from the inactive cell B1. Ndual is the received signal 
quality from a neighbour cell, e.g. from inactive cell B1 (e.g. 
E/I of the CPICH for UMTS cells or RSRO of the 
reference symbols for LTE cells). Hysteresis parameter 
Qhyst for the active cell A1 and offset parameters Qoffset.n 
to be applied to each neighbour n specifically, can also be 
broadcasted in the active cell A1. 

Next, exemplary methods will be discussed for instructing 
idle terminals Ti to perform measurements on inactive cells 
and to report this information to the telecommunications 
infrastructure 1. 

In a first method, illustrated in the flow chart of FIG. 5, a 
location area update period (or a similar period) is decreased 
in the active cell A1 and the inactive cell B1. The embodi 
ment is advantageous as it requires no modifications to 
currently existing networks. 

In the active cell A1, in the system information (SIB) to 
be broadcast on the broadcast channel of the active cell A1, 
a relatively short value (e.g. 30 s, 1 min) is set for the 
periodic location area (LA) update (instead of a nominal 
value, e.g. 30 min, 1 hour, infinite). This is illustrated in step 
5-I. A paging message may be issued in the cell A1 indi 
cating modified system information. This paging message is 
also received by idle terminals camping on the active cell 
A1. 
As a consequence, an idle terminal Ti camping on the 

active cell A1 reads the modified SIB and starts providing 
frequent (e.g. every 30s, 1 min) periodic LA updates. An LA 
Update message also includes information about the identity 
of the terminal. The telecommunications infrastructure 1 
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(more particularly processing system 5) receives the LA 
Update messages and may derive (e.g. every 30s, 1 min) 
how many and which terminals Ti are currently camping on 
the active cell A1. This provides information about the initial 
situation regarding idle terminals in the active cell. 

In step 5-II, the inactive cell(s) B1 set a periodic LA 
update value to a similarly short (e.g. 30s, 1 min) value as 
used for the active cell A1. The presence signal P is 
transmitted in the inactive cell B1. 

In the active cell A1, in the system information (SIB) to 
be broadcast on the broadcast channel of the cell, the 
absolute signal level threshold parameter Ts, search is set 
higher than nominal (e.g. nominal value--5, 10 dBm), step 
5-III. This parameter controls the conditions when an idle 
terminal Ti searches for neighbour cells B1. In the cell, a 
paging message may be issued indicating modified system 
information. This paging message is also received by idle 
terminals camping on the active cell A1. It should be 
appreciated that for some RATs (e.g. UMTS) an idle termi 
nal Ti will execute the cell reselection evaluation process 
when triggered by a modification of the information on the 
BCCH used for the cell reselection evaluation procedure 
(i.e. when this particular SIB is modified). 
As a consequence, an idle terminal Ti for which the 

received signal level of the active cell A1 is below the 
adjusted (increased) threshold Ts.search measures the neigh 
bour cells, for example including inactive neighbour B1. For 
some RATs (e.g. UMTS) a terminal will perform such 
measurements regardless the setting of Ts.search. 
An idle terminal Ti for which the specified conditions are 

satisfied performs cell reselection. The condition for cell 
reselection may be based on ranking the active cell A1 
(based on Srxlev or Squal and adding Qhyst) and all 
(inactive and active) neighbour cells (based on Nrxlev or 
Ndual and adding neighbour-specific Qoffset,n). If the high 
est-ranked cell is not the active cell A1, then the idle terminal 
Ti will make the cell reselection to the highest-ranked cell. 
The ranking mechanism may be dependent on the radio 
access technologies of the involved cells and possibly also 
on other conditions like environment characteristics. In the 
existing art it is for instance known that cell reselection in a 
network consisting of cells with different radio access tech 
nologies may be organised in a 2-step manner: For instance 
in a network consisting of both UMTS (UTRAN) and GSM 
(GERAN) cells, first a ranking based on received signal 
level (Srxlev for the serving cell and Nrxlev for the neigh 
bour cells) may be performed, taking account of correspond 
ing Qhyst and Qoffset,n (noted as Qhyst(1) and Qoffset.n 
(1)). If the highest ranked cell is a GSM cell, the terminal 
will reselect to this cell. However, for the ranking of the 
UMTS cells, received signal quality (e.g. E/I) is a better 
indicator of the suitability of a cell for cell reselection. 
Therefore, if a UMTS cell is the highest ranked in the first 
step, a second step follows, in which the UMTS cells are 
ranked based on received signal quality, still taking Qhyst 
and Qoff-set,n (noted as Qhyst(2) and Qoffset.n(2)) into 
account. The terminal then reselects to the highest ranked 
UMTS cell in this second ranking. 

Similarly, for different combinations of RATs different 
ranking methods may be devised. 

It is also known from the existing art that differences in 
certain geographical environments may be used to select a 
ranking mechanism form a set of implemented ranking 
mechanisms. 
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The remainder of this text is based on applying the 

example of cell-ranking based on received signal level. It 
should however be understood that also other cell ranking 
mechanisms can be applied. 
An idle terminal Ti persisting to camping on the active 

cell A1 continues providing frequent LAUpdates messages 
to the active cell A1. An idle terminal Ti which has rese 
lected to an inactive cell B1 (which is assumed to be 
configured for frequent LAUpdates as indicated above) will 
provide its frequent LA Update messages to the relevant 
inactive cell B1. An idle terminal Ti which has reselected 
another active cell will adhere to the LAUpdate regime as 
broadcast by that cell (which may be a nominal value, e.g. 
30 min, 1 hour, etc.) 

After a transitional period (whose length may depend on 
the duration of the cell reselection procedure and the LA 
Update period), the processing system 5 may derive in step 
5-IV from the received LAUpdate messages how many and 
which idle terminals remain camped on the active cell, how 
many and which idle terminals have reselected an inactive 
cell (and which cell) and how many and, possibly, which idle 
terminals have reselected from the active cell to other cells. 
This analysis provides an estimate about the situation 
regarding idle terminals Ti when each of the inactive cells 
B1 would be activated. 
The information obtained from step 5-IV may be taken 

into account in the evaluation by the processing system 5 
about which of the inactive cells should be activated and 
which of the inactive cells should not. The processing result 
can be analyzed against the at least one activation condition. 

After sufficient information has been obtained in step 
5-IV, in the active cell A1 the system information (SIBs) 
may be reverted to normal operating conditions. A paging 
message may be issued indicating modified system infor 
mation. This paging message is also received by idle termi 
nals still camping on the active cell A1. An idle terminal 
camped on the active cell will remain camped there. 

Also, after the decision obtained from the processing of 
step 5-IV, in the inactive cells decided to be activated, the 
system information (SIBs) may be reverted to normal oper 
ating conditions. In these cells, a paging message may be 
issued indicating modified system information. This paging 
message is also received by idle terminals camping on any 
of the cells. An idle terminal camped on any of the activated 
cells will remain camped there. 
A reset to normal operating conditions is indicated in step 

5-V in FIG. 5 for both the active cell A1 and the activated 
cell B1. 

Still further, after the decision obtained from the process 
ing of step 5-IV, the inactive cells that are decided to be not 
activated may be switched off, i.e. the presence signal P is 
no longer transmitted in these cells. Idle terminals camped 
on such a cell will perform cell selection and find a suitable 
cell (possibly reselecting the active cell A1, possibly rese 
lecting one of the activated neighbour cells B1, possibly 
reselecting another neighbour cell). 

It should be appreciated that the need to issue a paging 
message in order to have idle terminals read modified 
system information is RAT dependent. 

In a second method, illustrated in the flow chart of FIG. 
6, a location area update period (or a similar period) is 
decreased in the active cell A1 and a reporting identifier, also 
referred to here below as probing flag, is broadcast in the 
inactive cell B1 during a time interval. 
The first step, indicated by 6-I, is equivalent to step 5-I in 

FIG.S. 

Samsung Ex. 1001, Page 15 of 20



US 9,462,544 B2 
15 

Different from the first method, the LA update period is 
not changed in the inactive cells B1. A reporting identifier is 
transmitted in the inactive cells B1 (step 6-II). The presence 
signal P. possibly including the probing flag, is transmitted 
in the inactive cells B1. 

In the active cell A1, the absolute signal level threshold 
parameter Ts, search is set higher than nominal (e.g. nominal 
value--5,10 dBm) in step 6-III and is broadcasted in the 
system information (SIB) on the broadcast channel of the 
cell. This parameter controls the conditions when an idle 
terminal Ti searches for neighbour cells. A paging message 
may be issued indicating modified system information. This 
paging message is also received by idle terminals Ti camp 
ing on the cell. It should be appreciated that for some RATs 
(e.g. UMTS) an idle terminal Ti will execute the cell 
reselection evaluation process when triggered by a modifi 
cation of the information on the BCCH used for the cell 
reselection evaluation procedure (i.e. when this particular 
SIB is modified). 
As a consequence, an idle terminal Ti for which the 

absolute received signal level of the active cell A1 is below 
the adjusted threshold Ts, Search measures the neighbours. 
For some RATs (e.g. UMTS) a terminal will perform such 
measurements regardless the setting of Ts.search. 
An idle terminal Ti for which the specified conditions are 

satisfied performs cell reselection. The condition for cell 
reselection may be based on ranking the active cell A1 
(based on Srxlev or Squal and adding Qhyst) and all 
(inactive and active) neighbour cells (based on Nrxlev or 
Ndual and adding neighbour-specific Qoffset,n). If the high 
est-ranked cell is not the active cell A1, then the idle terminal 
Ti will make the cell reselection to the highest-ranked cell. 
An idle terminal Ti persisting to camping on the active 

cell A1 continues providing frequent LAUpdates messages 
to the active cell A1. An idle terminal Ti which reselects to 
an inactive cell B1 (the terminal Timay detect this from the 
probing flag in the inactive cells broadcast channel) is 
configured to, shortly after performing the reselection, send 
a LAUpdate message to the selected inactive cell B1. This 
first LAUpdate message is sent, regardless the setting of the 
LAUpdate period in the inactive cell B1. An idle terminal 
reporting a cell reselection to an inactive neighbour cell may 
be further configured to also report the presence of the 
probing flag in its LA Update message. This could ease 
bookkeeping at the processing system 5 regarding the neigh 
bour state (inactive or active). 

Different from the first method, the inactive cells B1 are 
configured with a nominal period for LAUpdates. Conse 
quently an idle terminal camping on an inactive cell pro 
vides (Subsequent to the first LA Update message sent 
shortly after camping on a cell with its probing flag set) only 
nominal LAUpdate messages (e.g. 30 min, 1 hour, etc.) to 
the cell. An idle terminal Ti which has reselected another 
active cell will adhere to the LAUpdate regime as broadcast 
by that cell (which may be a nominal value, e.g. 30 min, 1 
hour, etc.). 

After of transitional period (whose length may depend on 
the duration of the cell reselection procedure and the 
selected LAUpdate period in the cell A1), the telecommu 
nications infrastructure 1 (more specifically, the processing 
system 5) may derive from the received LAUpdate mes 
sages how many and which idle terminals remain camped on 
the active cell A1, how many and which idle terminals Ti 
have reselected an inactive cell (and which inactive cell) 
and, possibly, how many and which idle terminals have 
reselected from the active cell A1 to other cells. This 
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provides an estimate about the situation regarding idle 
terminals when each of the inactive cells B1 will be acti 
vated (step 6-IV). 

It should be noted that in the second method, the LA area 
update messages used to obtain the processing result are 
reported to the inactive cell B1 (and then via interface 3 to 
processing system 5, see FIG. 2). 

In order to decrease the burden on the inactive cell B1, a 
first alternative would be to configure the idle terminal Ti 
(see FIG. 9) as follows. An idle terminal Ti which, in the 
procedure of ranking cells for cell reselection, detects the 
highest-ranking cell (best cell) to have its probing flag set, 
does not perform cell reselection to that cell as long as it has 
its probing flag set; it sends a report (comprising an indica 
tion of the terminal identity and of the best cell identity) to 
the cell it currently camps on (see the box beside 6-IV in 
FIG. 6). Different from the first method illustrated in FIG. 5, 
and different from the second methods basis described 
above, terminals Ti will send their reports via active cell A1, 
instead of via inactive cell B1. Thus, an inactive cell in this 
first alternative needs not to support reception of LAUpdate 
messages as described above. Also different from the first 
method illustrated in FIG. 5, an idle terminal Ti in this first 
alternative of the second method does not reselect to an 
inactive cell (comparable to active terminals Ta not being 
handed over to inactive cell B1). 
A second alternative would be to configure the idle 

terminal Ti (see FIG. 9) as follows. An idle terminal Ti 
which, in the procedure of ranking cells for cell reselection, 
detects the highest-ranking cell (best cell) to have its probing 
flag set, first sends a report (comprising an indication of the 
terminal identity and of the best cell identity) to the cell it 
currently camps on and only Subsequently performs cell 
reselection to the best cell (see the box beside 6-IV in FIG. 
6). Different from the first method illustrated in FIG. 5, and 
different from the second methods basis described above, 
terminals Ti will send their reports via active cell A1, instead 
of via inactive cell B1. Thus, again, an inactive cell needs 
not to Support reception of LAUpdate messages. 

Different from the first method, the inactive cells are 
configured with a nominal period for LAUpdates. In this 
case, to prevent that LAUpdates are sent to the inactive cell, 
the inactive cell may be configured with an infinite LA 
Update period during the period(s) wherein the presence 
signal P is transmitted in the inactive cell. 
The information obtained from step 6-IV (and possibly 

step 6-I) may be taken into account in the evaluation by the 
processing system 5 about which of the inactive cells should 
be activated and which of the inactive cells should not. The 
processing result can be analyzed against the at least one 
activation condition. 

After sufficient information has been obtained in step 
6-IV, in the active cell A1 the system information (SIBs) 
may be reverted to normal operating conditions. A paging 
message may be issued indicating modified system infor 
mation. This paging message is also received by idle termi 
nals still camping on the original active cell A1. An idle 
terminal camped on the active cell will remain camped there. 

Also, after the decision in step 6-IV, in the inactive cells 
decided to be activated, the system information (SIBs) may 
be reverted to normal operating conditions including 
removal of the probing flag. This system information modi 
fication may, but not necessarily needs be announced in the 
activated cells. An idle terminal camped on any of the 
activated cells will remain camped there. 
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A reset to normal operating conditions is indicated in step 
6-V, including a reset to the nominal LA update value for cell 
A1 and to remove the probing flag in activated cell(s) B1 in 
FIG. 6. 

Still further, after the decision obtained from the process 
ing of step 6-IV, the inactive cells that are decided to be not 
activated may be switched off, i.e. the presence signal P is 
no longer transmitted in these cells. Idle terminals camped 
on such a cell will perform cell selection and find a suitable 
cell (possibly reselecting the active cell A1, possibly rese 
lecting one of the activated neighbour cells B1, possibly 
reselecting another neighbour cell). 

It should be appreciated that the need to issue a paging 
message in order to have idle terminals read system infor 
mation is RAT dependent. 

In a third method, illustrated in the flow chart of FIG. 7, 
the reporting identifier, also referred to as probing flag, is 
broadcasted in both the active cell A1 and the inactive cell 
B1. This third method does not rely on frequent periodic LA 
updates. 

In step 7-I, the system information (SIB) to be broad 
casted on the broadcast channel of the active cell A1 
comprises a probing flag. In the active cell, a paging 
message may be issued indicating modified system infor 
mation. This paging message is also received by idle termi 
nals camping on the active cell A1. 
An idle terminal Ti, detecting the probing flag, is config 

ured (see FIG. 9) to report information about its identity (e.g. 
IMSI) and best cell (in this case, likely the active cell A1) to 
the cell it camps on. The information about the cell identity 
is not necessarily included in the report but may be added by 
the cell via which the report is sent. The report is sent once, 
on first detection of the probing flag being set. It is an option 
that an idle terminal Ti which has reselected another active 
cell will not send a report, which would prevent unnecessary 
reports to be received in other active cells. The telecommu 
nications infrastructure (more precisely the processing sys 
tem 5) receives the reports and may derive how many and 
which terminals Ti are currently camping on the active cell. 
This provides the information about the situation regarding 
idle terminals before the probing period starts. 

Then, in step 7-II, a probing flag is also transmitted in the 
inactive cell(s) B1 and the presence signal P is transmitted 
as well. 

In the active cell A1, the absolute signal level threshold 
Ts.search parameter is set higher than nominal (e.g. nominal 
value--5,10 dBm) and in step 7-III is broadcast in the 
system information (SIB) on the broadcast channel of the 
cell. This parameter controls the conditions when an idle 
terminal Ti searches for neighbour cells. A paging message 
may be issued indicating modified system information. This 
paging message is also received by idle terminals Ti camp 
ing on the cell. It should be appreciated that for some RATs 
(e.g. UMTS) an idle terminal Ti will execute the cell 
reselection evaluation process when triggered by a modifi 
cation of the information on the BCCH used for the cell 
reselection evaluation procedure (i.e. when this particular 
SIB is modified). 
As a consequence, an idle terminal for which the absolute 

received signal level of the active cell A1 is below the 
adjusted threshold Ts.search measures the neighbours. For 
some RATs (e.g. UMTS) a terminal will perform such 
measurements regardless the setting of Ts.search. 
An idle terminal Ti for which the specified conditions are 

satisfied performs cell reselection. The condition for cell 
reselection may be based on ranking the active cell A1 
(based on Srxlev or Squal and adding Qhyst) and all 
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(inactive and active) neighbour cells (based on Nrxlev or 
Ndual and adding neighbour-specific Qoffset,n). If the high 
est-ranked cell is not the active cell A1, then the idle terminal 
Ti will make the cell reselection to the highest-ranked cell. 
An idle terminal persisting to camping on the active cell 

A1 sends a report as described above for step 7-I regarding 
the active cell A1 to the active cell A1. An idle terminal Ti 
which reselects to an inactive cell (the terminal may detect 
this from the probing flag in the inactive cell's broadcast 
channel) is configured to, shortly after performing the rese 
lection, send a report as described for step 7-I to the selected 
inactive cell (see FIG. 9). The report is sent once, on first 
detection of the probing flag being set in the cell it is camped 
on and to the cell it is camped on. It is an option that an idle 
terminal which has reselected another active cell will not 
send a report, which would prevent unnecessary reports to 
be received in other active cells. An idle terminal reporting 
a cell reselection to an inactive neighbour cell may be further 
configured to also report the presence of the probing flag in 
its report. This could ease bookkeeping at the processing 
system 5 regarding the neighbour state (probing or nominal). 

After a transitional period (whose length may depend on 
the duration of the cell reselection procedure and time to 
send the associated reports), the telecommunications infra 
structure 1 (more precisely, the processing system 5) may 
derive from the received reports how many and which idle 
terminals remain camped on the active cell A1, how many 
and which idle terminals have reselected an inactive cell 
(and which inactive cell) and, possibly, how many and which 
idle terminals have reselected from the active cell to other 
cells. This provides an estimate about the situation regarding 
idle terminals when each of the inactive cells B1 will be 
activated. 

Again, in order to decrease the burden on the inactive cell 
B1, a first alternative would be to configure the idle terminal 
Ti (see FIG.9) as follows. An idle terminal Ti which, in the 
procedure of ranking cells for cell reselection, detects the 
highest-ranking cell (best cell) to have its probing flag set, 
does not perform cell reselection to that cell as long as it has 
its probing flag set, yet may remain camping on Such a cell; 
it sends a report (comprising an indication of the terminal 
identity and of the best cell identity) to the cell it currently 
camps on (see the box beside 7-IV in FIG. 7). Comparable 
to the second methods first alternative, terminals Ti will 
send their reports via active cell A1, instead of via inactive 
cell B1. Thus, an inactive cell in this first alternative needs 
not to Support reception of reports as described above. 
A second alternative would be to configure the idle 

terminal Ti (see FIG. 9) as follows. An idle terminal Ti 
which, in the procedure of ranking cells for cell reselection, 
detects the highest-ranking cell (best cell) to have its probing 
flag set, first sends a report (comprising an indication of the 
terminal identity and of the best cell identity) to the cell it 
currently camps on and only Subsequently performs cell 
reselection to the best cell (see the box beside 7-IV in FIG. 
7). Comparable to the second methods second alternative, 
terminals Ti will send their reports via active cell A1, instead 
of via inactive cell B1. Thus, again, an inactive cell B1 needs 
not to Support reception of reports as described above. 
The information obtained from step 7-IV (and possibly 

step 7-I) may be taken into account in the evaluation by the 
processing system 5 about which of the inactive cells should 
be activated and which of the inactive cells should not. The 
processing result can be analyzed against the at least one 
activation condition. 

After sufficient information has been obtained in step 
7-IV, in the active cell A1 the system information (SIBs) 
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may be reverted to normal operating conditions (which also 
includes removal of the probing flag). A paging message 
may be issued indicating modified system information. This 
paging message is also received by idle terminals still 
camping on the original active cell A1. An idle terminal 
camped on the active cell will remain camped there. 

Also, after the decision in step 7-IV, in the inactive cells 
decided to be activated, the system information (SIBs) may 
be reverted to normal operating conditions including 
removal of the probing flag. This system information modi 
fication may, but not necessarily needs be announced in the 
activated cells. An idle terminal camped on any of the 
activated cells will remain camped there. 
A reset to normal operating conditions is indicated in step 

7-V including a removal of the probing flags in active cell 
A1 and activated cell(s) B1. 

Still further, after the decision obtained from the process 
ing of step 7-IV, the inactive cells that are decided to be not 
activated may be switched off, i.e. the presence signal P is 
no longer transmitted in these cells. Idle terminals camped 
on such a cell will perform cell selection and find a suitable 
cell (possibly reselecting the active cell A1, possibly rese 
lecting one of the activated neighbour cells B1, possibly 
reselecting another neighbour cell). 

It should be appreciated that the need to issue a paging 
message in order to have idle terminals read system infor 
mation is RAT dependent. Finally, in a fourth method, 
illustrated in the flow chart of FIG. 8, a measurement-and 
report paging message, hereinafter denoted as paging mes 
sage, is transmitted in the active cell A1 instructing the idle 
terminals Tito obtain and report information on the inactive 
cells B1. The idle terminals Ti listen to broadcast and paging 
channels and can be triggered, using these channel(s), to 
obtain information on the inactive cells B1. The method may 
be combined with probing flags transmitted in the inactive 
cells. 

In a first optional step 8-I, a paging message is transmitted 
in the active cell A1. The paging message may optionally 
comprise configuration parameters (see below), which con 
figuration parameters are to be applied by the idle terminal 
T. 

In response to step 8-I, an idle terminal receiving the 
paging message is configured (see FIG. 9) to perform 
measurements on the serving cell (in this case the active cell 
A1) and on its neighbour cells, regardless the criterion 
settings for initiating a search (Such as parameter Ts, search), 
and to subsequently send a report, by default to the cell that 
issued the paging message (in this case the active cell A1). 
After sending the report, a cell reselection may be per 
formed. The idle terminal can be configured to not perform 
ing cell reselection as long as the highest-ranked cell has the 
probing flag set (comparable to the first alternative of the 
second or third method). 
As indicated above, the paging message may optionally 

comprise configuration parameters. Examples are param 
eters that further specify the measurements to be made 
(which terminals should measure, which cell(s) to be mea 
sured, which RAT to be measured, which characteristics, 
etc.), parameters that further specify the Subsequent rese 
lection (such as offset or hysteresis parameters) and param 
eters that further specify the report to be provided (whether 
or not to provide a report, how many of the best cells to be 
reported, which quantities—e.g. signal level/quality, path 
loss estimates—to be reported, destination of the report, 
etc.). The paging parameters may alternatively or in addi 
tion, include a reference where the (further) parameters may 
be obtained, e.g. a reference (link) to a broadcast channel or 
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20 
the like, for example when the set of parameters is imprac 
tically large to be sent in the paging message itself. 
A terminal receiving configuration parameter values in (or 

associated with) the paging message applies the received 
values when performing the measurements, the cell reselec 
tion procedure and the reporting as commanded by the 
paging message. It may be that in case of a conflict with an 
existing parameter having been assigned a value, the value 
received in the paging message is only applied for the 
measurements etc. related to the present method. Other 
procedures continue to apply the already assigned value and 
are not affected by the value in the paging message. 
The reported information includes at least an indication 

about the terminal identity (e.g. IMSI) and about the identity 
of the best cell. The report is sent once, on detection of the 
paging message, and by default (unless instructed otherwise) 
to the cell that issued the paging message, regardless the cell 
reselection that may be the result of the search. 
The telecommunications infrastructure 1 (more precisely, 

the processing system 5) receives the reports and may derive 
how many and which terminals were camping on the active 
cell A1 and received the paging message and also may 
derive how many and which terminals are likely to remain 
camping on the active cell A1 after the paging message. This 
provides the information about the situation regarding idle 
terminals before the probing period starts. 

Step 8-I is an optional step that may e.g. be omitted if the 
processing system 5 has no particular interest in obtaining 
information about the situation regarding idle terminals Ti in 
the active cell A1 before the start of transmitting the pres 
ence signal P in the inactive cell(s) B1. 

Step 8-II involves the transmission of the presence signal 
P in the inactive cell(s). A probing flag may also be trans 
mitted. Optionally, one or more of the inactive cells may be 
configured with system information parameters different 
from the normal operating conditions, e.g. values set spe 
cifically for the method. 

Optionally, as described for previous methods illustrated 
in FIGS. 5-7, the active cell A1 may be configured with 
system information parameters different from the normal 
operating conditions, e.g. values set specifically for the 
probing phase. It is, however, envisaged that the possibility 
to specify configuration parameters in (or associated with) 
the paging message, has advantages over making temporary 
modifications to system information parameters. 

In step 8-III, again a paging message is transmitted in the 
active cell A1. The paging message may optionally comprise 
configuration parameters as described above. The values of 
these parameters may be different from those in the paging 
message optionally transmitted in step 8-I in active cell A1. 

In order to decrease the load of reports, the paging 
message may also instruct only a fraction f of the idle 
terminals Ti in the active cell A1 to perform measurements 
and to provide a report. Mechanisms, such a paging groups, 
can be used to address or to instruct a particular fraction f 
(subset) of the idle terminals Ti. A fraction f of the idle 
terminals may also be established by configuring the idle 
terminal Tito, randomly or deterministically determined, 
only provide the requested reports for a fraction f of the 
requests. 

In response to step 8-III, an idle terminal receiving a 
paging message is configured to perform measurements on 
the serving cell (in this case the active cell A1) and on its 
neighbour cells, regardless the criterion settings for initiat 
ing a search, and to Subsequently send a report (in this case 
to the default which is the cell that issued the paging 
message, i.e. active cell A1). The report is sent once, on 
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detection of the paging message. After sending the report a 
cell reselection may be performed. The idle terminal can be 
configured to not performing cell reselection as long as the 
highest-ranked cell has the probing flag set. 

The report includes at least an indication about the 
identity of the best cell and preferably an indication about 
the terminal identity (e.g. IMSI). The report may addition 
ally include the status of the probing flag, if any, of the 
reported best cell. 
The telecommunications infrastructure 1 (or more pre 

cisely, the processing system 5) receives the reports and may 
derive from the received reports how many and which idle 
terminals are likely to remain camped on the active cell, how 
many and which idle terminals are likely to reselect to an 
inactive cell (and which inactive cell) and, possibly, how 
many and which idle terminals are likely to reselect to 
another cell (and which other cell). This provides an esti 
mate about the situation regarding idle terminals when each 
of the inactive cells will be activated (step 8-IV). 
The information obtained from step 8-IV (and possibly 

step 8-I, when performed) may be taken into account in the 
evaluation by the telecommunications infrastructure 1 (more 
precisely processing system 5) about which of the inactive 
cells to activate and which not. 

If the system information of the active cell A1 has been set 
differently for the execution of the method than during 
normal operating conditions, then the system information 
for the active cell may be reverted back to normal operating 
conditions (not shown in FIG. 8). 

If the inactive cell B1 is activated the following applies. 
If a probing flag was set, the probing flag may be removed. 
This system information change need not be announced by 
a paging message in the relevant cell(s). If the system 
information of the inactive cell has been set differently for 
the probing phase than during normal operating conditions, 
then the system information for the cell may be reverted 
back to normal operating conditions. If a probing flag was 
not set, an idle terminal camped there, will remain camped 
there. 

If the inactive cell B1 is decided to not be activated, it may 
be switched off. If a probing flag was not set in the cell, an 
idle terminal camped there will perform cell selection and 
find a suitable cell (possibly reselecting the active cell A1, 
possibly reselecting one of the activated neighbour cells, 
possibly reselecting another neighbour cell). 
A paging message may be transmitted again after activat 

ing inactive cells wherein a probing flag was transmitted. In 
this case a primary objective is to actually let an idle 
terminal camped on the active cell A1 perform a reselection 
to one of the activated neighbour cells B1, when such 
reselection is still applicable. The processing system 5 may 
choose to either ignore the reports or to process the reports 
to assess the final configuration or to have it confirmed. If the 
system has no interest in assessing/confirming the final 
configuration, this paging message may advantageously 
specify a configuration parameter indicating that no reports 
are to be sent. 

It should be appreciated that 3GPP already specified 
functions for information gathering by a terminal Such as 
described in 3GPP TS 37.320 “Radio Measurement collec 
tion for Minimization of Drive Tests (MDT), which allows 
to configuring active terminals and/or idle terminals to 
perform measurements and to report the result to the net 
work. With the described approaches, the responsiveness of 
the MDT measurements may be greatly improved and be 
made better Suited to also gather information for the purpose 
of deciding which inactive cell(s) to activate. 
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In some of the methods and alternatives for triggering idle 

terminals Ti as described above, it may occur that an idle 
terminal Ti which camps on an inactive cell B1 initiates a 
session (e.g. initiates a voice or a data call). There are 
various ways to handle this situation. 
When the inactive cell, despite its inactive status, is to a 

Sufficiently large extent operational, it may choose to accept 
the request and to Support the call in the normal way, at least 
temporarily. Subsequently, the inactive cell may attempt to 
handover the call to an active cell; alternatively it may 
continue serving the call until a decision has been taken 
about the activation (or not) of that cell. If activated, it may 
continue to serve the call as an active cell; if not activated, 
it may handover the call to an active cell before the inactive 
cell is switched off. 
When the inactive cell has insufficient capabilities to 

accept and/or support a call, or when it is otherwise unde 
sirable to do so, the inactive cell may deny the call request. 
Various wireless access technologies provide a mechanism 
to elegantly and quickly refer a refused caller to an alterna 
tive, e.g. directed retry. In that case, the inactive cell only 
needs to Support the corresponding signalling. 

Finally, note that by using a probing flag in an inactive cell 
and by using an idle terminal configured to not actually 
reselect to or camp on a cell which has its probing flag set 
(also see the first alternative of the second and third method 
and see the fourth method), it can be prevented that idle 
terminals actually camp on an inactive cell. 

In each of the above methods, the process of counting 
how many idle terminals will perform cell reselection may 
use a hysteresis Qhyst in the terminal for the measurement 
result. 

Similarly, a neighbour-specific offset Qoffset,n can be 
applied to (e.g. added to) the measurement result in the 
terminal. By means of these cell-specific offsets a cell may 
be either be promoted or demoted in the ranking of cells for 
cell reselection. 

In the above-described methods, conditions for cell rese 
lection have been frequently addressed. In addition to these 
conditions, there may be various other conditions that deter 
mine whether a cell is suitable to be camped on by the idle 
terminal. It is assumed that all inactive neighbours are 
classified as a suitable cell, e.g. their Nrxlev and Ndual are 
Sufficiently high to consider them for camping. It is also 
assumed that Suitable averaging is applied to the measure 
ments. Additionally, it is assumed that a (minimum) period 
is taken into account for which a highest-ranked cell has to 
be different from the current (active) cell before actually 
performing a cell reselection. This minimum period (timer) 
may also broadcasted via the broadcast channel of the cell in 
the same SIB. 

For the measurement of inter-frequency or inter-RAT 
neighbour cells, active terminals Ta need some (measure 
ment) time gaps to carry out the measurement. This might be 
managed by using the idle period provided by discontinuous 
reception (DRX) or radio resource scheduling. One example 
is the so called “compressed mode” in UMTS networks, 
where the data rate (and also transmit power) is temporarily 
doubled, so the data can be sent twice as fast and the 
resulting time gap could be used for inter-frequency of 
inter-RAT measurement. 
Whereas the disclosed method and telecommunications 

infrastructure use existing measurement and reporting capa 
bilities of wireless terminals, in at least some of the above 
described embodiments the capabilities of wireless termi 
nals should be adapted to participate in these embodiments. 
Examples have been indicated above and include the rec 
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ognition, processing and actions performed for cell reselec 
tion, in response to the reporting identifier (probing flag) 
and/or the measurement-and-reporting paging message of 
the above-described fourth method. Most of these enhanced 
capabilities will be obtained by software modifications in the 
wireless terminals. Therefore, FIG. 9 is a highly schematic 
illustration of a wireless terminal T comprising storage S and 
processor uP configured for storing and operating the modi 
fied software. For a base station BS A, BS B similar 
considerations apply. 

Other network elements and signalling may also be 
affected, depending on how and where the modules 2-6 (as 
shown in FIG. 2) are deployed. One option is that the 
modules are deployed in a centralized fashion in the opera 
tion and management centre (OMC), the main impact may 
then be to the signalling messages that are carried between 
the OMC and base Stations BSA and BS B. 

Another option is that the modules are deployed in a 
distributed fashion in the radio network, e.g. in RNC (Radio 
Network Controller) of UMTS or eNodeB (LTE term for 
base station) of LTE. Then, additional signalling between 
these network nodes is required. For example, if BSA is an 
UMTS base station and BS B is an LTE base station, 
additional signalling between RNC and eNodeB is required 
for the purpose of this invention. 
The invention claimed is: 
1. A terminal configured for operating in a wireless access 

telecommunication infrastructure comprising an active base 
station and at least one inactive cell, wherein the terminal 
comprises: 
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a processor for executing instructions that cause the 

terminal to carry out operations including: 
receiving in a transmission from the active base station 

measurement parameters and/or reporting parameters, 
wherein the received measurement parameters and/or 
reporting parameters trigger the terminal to obtain 
information regarding a presence signal from the at 
least one inactive base station; 

receiving the presence signal transmitted from the at least 
one inactive base station; 

obtaining a measurement report regarding the presence 
signal transmitted from the inactive base station and; 

providing the measurement report to the telecommunica 
tions infrastructure via the active base station, 

wherein the operations further include: 
receiving a reporting identifier transmitted from the inac 

tive base station, the received reporting identifier indi 
cating that the inactive base station is in a probing 
period; 

recognizing the reporting identifier, and 
including the reporting identifier in the measurement 

report, the included reporting identifier being an indi 
cation to the telecommunications infrastructure that the 
measurement report was not obtained as part of a 
handover to the inactive base station. 
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