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(57) Abstract: The invention relates to a method of re-
configuring a base station (100) of a wireless telecommu-
nication network, wherein the method comprises the fol-
lowing steps: - generating (S1) a number of pilot sym-
bols in the base station, the number of generated pilot
symbols per time corresponding to a telecommunication
bandwidth; - transmitting (S2) the number of pilot sym-
bols with a total transmission power provided by a power
amplifier (110), the total transmission power being a sum
of transmission powers of each of the number of trans-
mitted pilot symbols; - adjusting (S3) the telecommuni-
cation bandwidth to a cell load; - adjusting (S4) the num-
ber of pilot symbols to the telecommunication band-
width; and - adjusting (S5) the total transmission power
such that each transmission power of each of the number
of pilot symbols is constant.



WO 2012/016843 A1 W00 Y A0 00O O

Declarations under Rule 4.17: Published:
— as to applicant’s entitlement to apply for and be granted —  with international search report (Art. 21(3))
a patent (Rule 4.17(i1))

—  of inventorship (Rule 4.17(iv))



10

15

20

25

WO 2012/016843 PCT/EP2011/062509

Bandwidth adjustment in wireless telecommunication

Description

Field of the invention

The invention relates to the field of wireless telecommunication, more specifically to

bandwidth adjustment in wireless telecommunication.

Background and related art

Adjusting the telecommunication bandwidth is discussed in 3GPP standards, see
3GPP TS 36.104.

Summary

It is an object of the present invention to provide an improved method of reconfigur-
ing a base station of a wireless telecommunication network, an improved base sta-
tion apparatus for a wireless telecommunication network, and an improved com-

puter-readable storage medium.

These objects are achieved by the method, the base station apparatus, and the
computer-readable storage medium according to the independent claims. Embodi-

ments of the invention are given in the dependent claims.

The invention provides a method of reconfiguring a base station of a wireless tele-
communication network. A number of pilot symbols are generated in the base sta-
tion. The number of generated pilot symbols per time corresponds to a telecommu-
nication bandwidth. The telecommunication bandwidth is the bandwidth used for
wireless telecommunication by the base station. The more bandwidth is used for

wireless telecommunication by the base station, the more data may be transmitted
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and/or received by the base station from/to mobile devices in the wireless telecom-

munication network.

Pilot symbols are the first broadcast symbols that are searched and acquired by
mobile devices in the vicinity of the base station. The pilot symbols are used as a

power, timing, and phase reference for the mobile devices.

The number of pilots corresponds to the telecommunication bandwidth because the
more bandwidth is used the more pilots have to be transmitted for allowing to per-
form measurements on the different frequencies within the band. If, for example,
one pilot is transmitted per 60kHz bandwidth, increasing the bandwidth by 60kHz

would result in transmitting one more pilot symbol.

The number of pilot symbols is transmitted with a total transmission power provided
by a power amplifier. The total transmission power is a sum of transmission powers
of each of the number of transmitted pilot symbols. In other words, the total trans-
mission power is split between the pilot symbols. It is to be noted that the total
transmission power means the total transmission power of the pilot symbols. The
term total transmission power used herein is to be understood as the total transmis-

sion power of the pilot symbols.

The telecommunication bandwidth is adjusted to a cell load. The cell load is the
wireless telecommunication traffic in the cell served by the base station. The cell is a
part of the wireless telecommunication network served by the base station. Mobile
devices such as PDAs, laptops, or mobile phones, which are located in the geo-
graphical coverage area of the cell, are served by the base station. The higher the
cell load is the more telecommunication bandwidth is needed by the base station.
Thus, the telecommunication bandwidth is increased when the cell load is increased

and the telecommunication bandwidth is decreased when the cell load is decreased.

After the adjustment of the telecommunication bandwidth the number of pilot sym-
bols is adjusted to the telecommunication bandwidth. This means, the number of
pilot symbols is decreased when the telecommunication bandwidth is decreased

and the number of pilot symbols is increased when the telecommunication band-
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width is increased. This step is necessary, because the number of transmitted pilot

symbols has to correspond to the telecommunication bandwidth.

The total transmission power is adjusted such that each transmission power of each
of the number of pilot symbols is constant. Preferably, the total transmission power
is decreased when the number of pilot symbols is decreased and the total transmis-
sion power is increased when the number of pilot symbols is increased. Thus, the
total transmission power is indirectly adjusted to the cell load by adjusting the total
transmission power to the number of pilot symbols, which are adjusted to the cell
load.

The total transmission power is adjusted to keep the transmission power of each of
the number of pilot symbols constant. This is advantageous because the transmis-
sion power of each pilot symbol is kept constant. Thus, the cell coverage area of the
cell being served by the base station is also kept constant as the transmission po-

wer of each of the number of pilot symbols is kept constant.

According to embodiments of the invention the method comprises increasing a sup-
ply voltage of the power amplifier when the total transmission power is increased,
and decreasing the supply voltage of the power amplifier when the total transmis-
sion is decreased. By increasing and decreasing the supply voltage of the power
amplifier an operating point of the power amplifier can be chosen. Preferably, the
operating point of the power amplifier is chosen such that the power amplifier oper-
ates near to its maximum output power. Near the maximum output power the power
amplifier operates most efficiently. Thus, by increasing and decreasing the supply
voltage of the power amplifier the power amplifier is used more efficiently and power

is saved.

Additionally or alternatively adjusting the total transmission power may be performed

by adjusting the bias of the power amplifier.

According to embodiments of the invention the supply voltage defines a maximum
total transmission power. The supply voltage and the total transmission power de-

fine an operating point of the power ampilifier. The supply voltage and the maximum



10

15

20

25

30

WO 2012/016843 4 PCT/EP2011/062509

total transmission power define a maximum operating point. The supply voltage is
increased or decreased such that the operating point is below or equal to the maxi-

mum operating point.

In other words, the power amplifier has a maximum total transmission power that
corresponds to a certain supply voltage. The maximum total transmission power is
the highest possible transmission power for this supply voltage. The maximum total
transmission power corresponds to the maximum output power of the power ampli-
fier. The supply voltage and the transmission power define an operating point of the
power amplifier. Here, the transmission power is the actually used transmission po-
wer. The power amplifier operates at a maximum operating point when amplifying
the pilot symbols with the maximum total transmission power. By increasing or de-
creasing the supply voltage the operating point used for amplifying the pilot symbols
is adjusted such that it is below or equal to the maximum operating point. Thus, the

power amplifier is always operated near its maximum operating point.

According to embodiments of the invention the operating point is 0-60%, preferably

0-30%, even more preferably 0-20% below the maximum operating point.

According to embodiments of the invention a central network unit triggers adjusting
the telecommunication bandwidth. The bandwidth adjustment may for example be
determined based on traffic observation. The central network unit could trigger ad-
justing the telecommunication bandwidth by transmitting a signal to the base station.
The traffic could be observed in the base station and/or in the central network unit.
For example, when the observed traffic is increased, the telecommunication band-
width of the base station is also increased. Then, the number of pilot symbols and

the total transmission power are also increased.

According to embodiments of the invention a unit within the base station triggers
adjusting the telecommunication bandwidth. The unit within the base station may for

example be a processor in the base station.

According to embodiments of the invention a self-optimization algorithm of the tele-

communication network triggers adjusting the telecommunication bandwidth. The
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self-optimization algorithm may for example be performed in the base station, other
base stations of the wireless telecommunication network, and/or at least one central
unit of the wireless telecommunication network. Such a self-optimization algorithm
for adjusting the telecommunication bandwidth considers the cell load of a plurality
of cells of the wireless telecommunication network. When optimizing communication
in the wireless telecommunication network, adjusting the telecommunication band-
width in the cell of the base station may be advantageous then, the self-optimization
algorithm triggers adjusting the telecommunication bandwidth in the cell served by
the base station.

According to embodiments of the invention a self-optimization algorithm of the base
station triggers adjusting the telecommunication bandwidth. In this case, the self-
optimization algorithm runs only on the base station. The self-optimization algorithm

optimizes communication in the cell served by the base station.

According to embodiments of the invention the base station transmits a signal to at
least one neighboring base station. The signal is indicative of adjusting the tele-
communication bandwidth. A neighboring base station is a base station, which ser-
ves a cell that neighbors at least partly the cell of the base station. Neighboring
means here that at least parts of the cell have a common border. This is advanta-
geous because the neighboring cells may also adjust their telecommunication
bandwidth after the adjustment in the cell. Furthermore a neighboring cell may need
information about the base station bandwidth for the configuration of the Allowed-
MeasBandwidth value, which is specified in 3GPP TS 36.331 and used to instruct
mobile devices about the used bandwidth of this base station.

According to embodiments of the invention a time schedule triggers adjusting the
telecommunication bandwidth. The time schedule may for example trigger increas-
ing the bandwidth for times when high traffic is expected and decrease the tele-
communication bandwidth for times when low traffic is expected. Traffic estimations
may be performed by the base station or by a central network unit. For example, the
traffic in the cell is observed for a certain amount of time, for example several weeks
or months. Then, based on these observations, the timetable is generated.
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For example the following timetable may be generated for a cell of the base station.
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Hour Working day Weekend

Oh — 5h 3 MHz and 40 1.4 MHz and 37
dBm dBm

5h — 8h 5 MHz and 43 3 MHz and 40
dBm dBm

8h —12h 10 MHz and 46 | 5 MHz and 43
dBm dBm

12h — 18h 20 MHz and 49 | 10 MHz and 46
dBm dBm

18h — 24h 10 MHz and 46 | 10 MHz and 46
dBm dBm

The table shows that during a working day the highest bandwidth is used from noon
to 6 pm. The lowest bandwidth is used from midnight to 5 am. The bandwidth is in-
creased from 3 MHz over 5 MHz between 5 am and 8 am and 10 MHz between 8
am and noon to 20 MHz and then decreased again to 10 MHz for the time period
between 6 pm and midnight. The total transmission power is accordingly increased
and decreased. It increases from 40 dBm over 43 dBm and 46 dBm to 49 dBm and

is then decreased from 49 dBm to 46 dBm in the corresponding time slots.

For a weekend day the bandwidth is increased from 1.4 MHz over 3 and 5 MHz to
10 MHz. The highest bandwidth is used from noon to midnight. The total transmis-
sion power is accordingly increased such that the transmission power for each of

the number of pilots is kept constant.

In another aspect the invention relates to a base station apparatus for a wireless
telecommunication network. The base station apparatus comprises means for gen-
erating a number of pilot symbols in the base station. The number of generated pi-
lots per time corresponds to a telecommunication bandwidth. The pilot symbols may

for example be generated by a processor of the base station apparatus.

Means for transmitting the number of pilot symbols with a total transmission power

provided by a power amplifier are also comprised by the base station apparatus.
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The means for transmitting may for example be an antenna. The total transmission
power is a sum of transmission powers of each of the number of transmitted pilot

symbols.

The processor is adapted for adjusting the telecommunication bandwidth to a cell
load. Thus, the processor may also be referred to as means for adjusting the tele-
communication bandwidth. Further, the processor is adapted for adjusting the num-
ber of pilot symbols to the telecommunication bandwidth and the processor is further
adapted for adjusting the total transmission power such that each transmission

power of each of the number of pilot symbols is constant.

In yet another aspect the invention relates to a computer-readable storage medium.
The computer-readable storage medium may for example be a digital storage me-
dium such as a DVD, CD, hard disc, and/or memory card. The storage medium
comprises instructions that when executed by a base station apparatus according to
embodiments of the invention cause the base station apparatus to perform a me-
thod according to embodiments of the invention. The method comprises generating
a number of pilot symbols in the base station. The number of generated pilot sym-
bols per time corresponds to a telecommunication bandwidth. The number of pilot
symbols is then transmitted with a total transmission power provided by a power
amplifier. The total transmission power is a sum of transmission powers of each of
the number of transmitted pilot symbols. Further, the instructions cause the base
station apparatus to adjust the telecommunication bandwidth to a cell load and to
adjust the number of pilot symbols to the telecommunication bandwidth. Further the
base station apparatus is caused to adjust the total transmission power such that
each transmission power of each of the number of pilot symbols is constant.

Brief description of the drawings

In the following preferred embodiments of the invention will be described, by way of

example only, and with reference to the drawings in which:

Fig. 1 is a block diagram of a base station apparatus according to embodi-

ments of the invention; and
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Fig. 2 is a flow diagram of a method according to embodiments of the inven-

tion.

Detailed description

Like numbered elements in these Figs. are either identical elements or perform the
same function. Elements which have been discussed previously will not necessarily

be discussed in later Figs. if the function is identical.

Fig. 1 is a block diagram of a base station apparatus 100. The base station 100
comprises a data storage 102 with instructions 104 stored in the data storage 102.

Further, the base station 100 comprises a processor 106 and an antenna 108.

In operating, the processor 106 executes the instructions 104 stored in data storage
102. The instructions 104 cause the processor 106 to generate a number of pilot
symbols. The number of generated pilot symbols per time corresponds to a tele-
communication bandwidth. The processor is further adapted for transmitting the
number of pilot symbols with a total transmission power provided by a power ampli-
fier 110. The total transmission power is a sum of transmission powers of each of
the number of transmitted pilot symbols. The processor adjusts the telecommunica-
tion bandwidth to a cell load. The cell load is an indicator for the telecommunication
traffic in the cell served by the base station. The processor 106 adjusts the number
of pilot symbols to the telecommunication bandwidth and the processor 106 controls
the power amplifier such that the total transmission power is adjusted to keep the

transmission power of each of the number of pilot symbols constant.

Fig. 2 is a flow diagram of a method according to embodiments of the invention.

In step S1 a number of pilot symbols is generated in the base station. The number
of generated pilot symbols per time corresponds to a telecommunication bandwidth.
In step S2 the number of pilot symboils is transmitted with a total transmission power
provided by a power amplifier. The total transmission power is a sum of transmis-

sion powers of each of the number of transmission pilot symbols.
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In step S3 the processor of the base station adjusts the telecommunication band-
width to the cell load and in step S4 the number of pilot symbols is adjusted to the
telecommunication bandwidth. Step S5 comprises adjusting the total transmission
power such that each transmission power each of the number of pilot symbols is

constant.
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Listof Reference Numerals

100 | Base station

102 | Data storage

104 | Instructions

106 | Processor
108 | Antenna

110 | Power amplifier
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1. A method of reconfiguring a base station (100) of a wireless telecommunica-

tion network, wherein the method comprises the following steps:

- generating (S1) a number of pilot symbols in the base station, the
number of generated pilot symbols per time corresponding to a tele-
communication bandwidth;

- transmitting (S2) the number of pilot symbols with a total transmission
power provided by a power amplifier (110), the total transmission
power being a sum of transmission powers of each of the number of
transmitted pilot symbols;

- adjusting (S3) the telecommunication bandwidth to a cell load;

- adjusting (S4) the number of pilot symbols to the telecommunication
bandwidth; and

- adjusting (S5) the total transmission power such that each transmis-

sion power of each of the number of pilot symbols is constant.

2. Method according to claim 1, wherein the method comprises further the fol-

lowing step:
- increasing a supply voltage of the power amplifier when the total
transmission power is increased, and decreasing the supply voltage of

the power amplifier when the total transmission power is decreased.

. Method according to claim 2, wherein the supply voltage defines a maximum

total transmission power, wherein the supply voltage and the total transmis-
sion power define an operating point of the power amplifier, wherein the sup-
ply voltage and the maximum total transmission power define a maximum
operating point, and wherein the supply voltage is increased or decreased
such that the operating point is below or equal to the maximum operating

point.
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4. Method according to claim 3, wherein the operating point is 0-60%, preferably

0-30%, even more preferably 0-20%, below the maximum operating point.

5. Method according to any one of the preceding claims, wherein a central net-
work unit triggers adjusting the telecommunication bandwidth.

6. Method according to any one of the claims 1-4, wherein a unit within the base

station triggers adjusting the telecommunication bandwidth.

7. Method according to any one of the claims 1-4, wherein a self optimization
algorithm of the telecommunication network triggers adjusting the telecom-

munication bandwidth.

8. Method according to any one of the claims 1-4, wherein a self-optimization
algorithm of the base station triggers adjusting the telecommunication band-
width.

9. Method according to claim 7, wherein the base station transmits a signal to at
least one neighbouring base station, the signal being indicative of adjusting

the telecommunication bandwidth.

10. Method according to any one of the claims 1-4, wherein a time schedule trig-

gers adjusting the telecommunication bandwidth.

11.Base station apparatus (100) for a wireless telecommunication network, the
base station apparatus comprising:

- means (106) for generating a number of pilot symbols, the number of
generated pilot symbols per time corresponding to a telecommunica-
tion bandwidth:

- means (108) for transmitting the number of pilot symbols with a total
transmission power provided by a power amplifier (110), the total
transmission power being a sum of transmission powers of each of the

number of transmitted pilot symbols;
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14
means (106) for adjusting the telecommunication bandwidth to a cell

load;

means (106) for adjusting the number of pilot symbols to the telecom-
munication bandwidth; and

means (106) for adjusting the total transmission power such that each

transmission power of each of the number of pilot symbols is constant.

12.A computer-readable storage medium (102), the computer-readable storage

medium comprising instructions that when executed by a base station appa-

ratus (100) according to claim 11 cause the base station apparatus to per-

form a method of reconfiguring a base station, the method comprising:

generating a number of pilot symbols in the base station, the number
of generated pilot symbols per time corresponding to a telecommuni-
cation bandwidth;

transmitting the number of pilot symbols with a total transmission
power provided by a power amplifier, the total transmission power be-
ing a sum of transmission powers of each of the number of transmitted
pilot symbols;

adjusting the telecommunication bandwidth to a cell load;

adjusting the number of pilot symbols to the telecommunication band-
width; and

adjusting the total transmission power such that each transmission

power of each of the number of pilot symbols is constant.
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