wo 2014/045180 A1 I} 1] A1) 00O YOO R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

27 March 2014 (27.03.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/045180 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO04W 52/08 (2009.01) HO4W 52/24 (2009.01)
HO4W 52/14 (2009.01)

International Application Number:
PCT/IB2013/058571

International Filing Date:
16 September 2013 (16.09.2013)

Filing Language: English
Publication Language: English
Priority Data:

12185221.4 20 September 2012 (20.09.2012) EP

Applicant: SONY MOBILE COMMUNICATIONS AB
[SE/SE]; Nya Vattentornet, S-221 88 Lund (SE).

Inventor: LUNDELL, Patrik; Jagméistaregatan 14, S-233
43 Svedala (SE).

Agent: ZACCO SWEDEN AB; Box 5581, Valhallavigen
117N, S-114 85 Stockholm (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: POWER SAVING RF ALGORITHM

(57) Abstract: The present invention relates generally to communication

Receiving nominal
output power from
Base station

401

Estimate actual
transmit power level
based on nominal
output power and DL
quality

402

Adjust transmit power
in accordance with
estimation

403

Fig. 4

and more specifically to techniques for power control in a wireless commu-
nication network. More particularly the present invention relates to method
for controlling the radio output power in a mobile entity comprising a trans-
mitter and a receiver for communicating with a radio base station over a
communication channel, comprising receiving a message comprising an in-
dication of a target transmit power from a base station, estimating a transmit
power of said transmitter based on the received target transmit power and
v the actual conditions of the communication channel and adjusting (403) the
transmit power of the radio transceiver in accordance with the estimation.
The invention also relates to a mobile entity or a computer program compris-
ing means for performing the method.



10

15

20

25

30

WO 2014/045180 PCT/IB2013/058571

POWER SAVING RF ALGORITHM

TECHNICAL FIELD

The present invention relates generally to communication and more
specifically to techniques for power control in a wireless communication network.
More particularly the present invention relates to a method for uplink output power
control in such a system and to a mobile entity for performing the method.

BACKGROUND

Portable communication devices comprising a radio transceiver also
referred to as mobile entities are widely used in various technical fields. Typical
examples of mobile entitiess are a mobile telephone, a Smartphone, a laptop, or
the like. Mobile entities are usually powered by one or plural batteries that
frequently are rechargeable.

In today’s advanced mobile entities such as smartphones, there is a
continuous increase of current consumption due to the increase of CPU speed and
added functionality as well as adding more and simultaneous use of frequency
bands. The battery capacity is not increasing as much and that results in less
talk/standby time for the end user.

Furthermore, in the advanced phones of today, the power saving
algorithms of different parts of the mobile entities are already advanced, and it is
difficult to make improvements, which do really affect the overall current
consumption. However, the power consumed by the radio transmitter in
active/speech mode in these devices is still considerable and affects the battery
consumption as well as causes problems with heating of the phone.

According to the 3GPP standards the mobile phone should transmit
the power level requested by the base station. There are good reasons for this
implementation beside the effect of power on the battery life; e.g. to prevent
interference with other mobile phones and to minimize the number of lost calls.
However, the power level set by the base station is not always optimal from the

terminal’s point of view.
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In any case, reducing the average power consumption used by the
radio transmitter is still an important point to economise the power consumption of

the mobile entity.

SUMMARY OF THE INVENTION

The claimed invention is based on the assumption that quite often the
base station is requesting a higher power level than absolutely needed for the
given physical channel resulting in higher power consumption in the mobile entity.

The invention therefore provides for a method wherein transmission
power is dynamically controlled within a tolerance interval whereby power
consumption may be lowered. This is done by monitoring the conditions of the
uplink (UL) channel, i.e. the channel from the mobile entity to the base station, in
order to be able to keep the output power at a minimum level required for
maintaining quality and throughput in the air interface.

With the above description in mind, then, an aspect of the present
invention provides a method for controlling the radio output power in a mobile
entity comprising a transmitter and a receiver for communicating with a radio base
station over a communication channel, comprising the following steps:

- receiving a message comprising an indication of a target transmit power
from a base station;

- estimating a transmit power of said transmitter based on the received target
transmit power and the actual conditions of the communication channel and

- adjusting the transmit power of the radio transceiver in accordance with the

estimation.

According to one aspect of the invention, the actual conditions of the
communication channel is a quality parameter representing the quality of the

uplink of the communication channel.

According to one aspect of the invention, the quality parameter is
transmitted from the base station to the mobile entity.
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According to one aspect of the invention, the quality parameter is
estimated using the quality of the downlink of the communication channel.

According to one aspect of the invention, the quality parameter is a Bit
Error Rate (BER) or Block Error Rate (BLER).

According to one aspect of the invention, the actual conditions

comprises a position parameter.

According to one aspect of the invention, the message comprises an

indication of a target transmit power is a transmit power control command.

According to one aspect of the invention, the message comprises an

indication of a target transmit power is a nominal output power.

According to one aspect of the invention, the transmit power is

adjusted within a given tolerance interval.

According to one aspect of the invention, it provides for a computer
program including programmed instructions that when executed on a computer

circuit of a mobile entity causes the mobile entity to perform the method.

According to one aspect of the invention, it provides for a mobile entity
comprising:

- a radio transceiver for communicating with a base station over a
communication channel;

- an output power estimator for estimating a output power of the transceiver

- atransmit power controller configured to adjust the actual transmit power of
the radio transceiver in accordance with the estimation of the output power
estimator wherein the mobile entity is configured to execute the method.

The invention provides for a method of controlling output power in a mobile entity,

such that minimum required power is used, still maintaining quality and throughput

3
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in the air interface. Thereby power consumption may be reduced, leading to longer
battery time and less heating of the mobile entity.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more readily understood through the
study of the following detailed description of the embodiments/aspects together

with the accompanying drawings, of which:

Fig. 1 shows cell in a wireless communication network with two mobile

entities.

Fig. 2 illustrates the principle of using power levels for output power

control in a wireless communication network.

Fig. 3 shows a mobile entity comprising means for controlling the

output power.

Fig. 4 illustrates the method for controlling the radio output power in a

mobile entity in a GSM network according to one aspect of the invention.

Fig. 5 illustrates the method for controlling the radio output power in a
mobile entity in a GSM network according to another aspect of the invention.

Fig. 6 illustrates the principle of utilising the allowed interval of a given

power level for output power control in a wireless communication network.

Fig. 7 illustrates the principle of closed loop power control in a UMTS
network.

Fig. 8 illustrates the method for controlling the radio output power in a
mobile entity in a UMTS network according to one aspect of the invention.

It should be added that the following description of the embodiments
is for illustration purposes only and should not be interpreted as limiting the
invention exclusively to these embodiments/aspects.
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DETAILED DESCRIPTION

Embodiments of the present invention will be described more fully
hereinafter with reference to the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the invention to those

skilled in the art. Like reference signs refer to like elements throughout.

Figure 1 illustrates a cell 101 in a communications network 100,
serving a number of mobile entities 300a, 300b. The number of mobile entities
300a, 300b communicates with the communication network via the radio base

station 104 over a communication channel 105, which may be represented by a
channel matrix Fl(q‘1). The channel describes how a signal propagates from the

transmitter to the receiver and represents the combined effect of, for example,
scattering, fading caused by reflectors in the environment surrounding a
transmitter and receiver e.g. buildings 106, and power decay with distance
between mobile entities 300a, 300b and base station 104. A mobile entity 300a
which is positioned close to the base station 104 and where there are few
reflecting elements 106 in between the mobile communication device and the base
station may thus use a lower transmission power than a mobile communication
device 300b located at a distance from the base station 104.

In GSM/EGDE, the base station 104 controls the power output of the
mobile entities 300a, 300b, keeping the GSM power level sufficient to maintain a
good signal to noise ratio, while not too high to reduce interference, overloading,
and also to preserve the battery life.

In GSM/EDGE the base station controls the power of the mobile by
sending a GSM "power class" number. The mobile then adjusts its power
accordingly. In virtually all cases the increment between the different power level
numbers is 2 dB.

The principle of controlling power in a GSM/EDGE system using
power classes for output control is illustrated in figure 2. For each power class
210, 211, 212 a corresponding target value 220, 221, 222, also referred to as

5
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nominal power value, is defined. The output power is typically allowed to vary
within a defined accuracy interval defined by a min and a max value. The
accuracies required for GSM power control are typically +/- 2 dB at higher power
levels, whereas this relaxes to +/- 5 dB at the lower levels.

The invention will now be described in a GSM/EDGE communication
network. However, it must be noted that the same principle could also be
implemented in other wireless communication networks e.g. 3G or LTE as will be
explained below.

The power level numbers vary according to the GSM band in use in
accordance with the 3GPP specification 3GPP TS 45.005 section 4.1.1. Figures
for the three main bands in use are given below:

GSM 400, GSM 900, GSM 850 and GSM 700

Power |Nominal Output Tolerance (dB) for
control | power (dBm) conditions
level
normal Extreme

0-2 39 12 12,5
3 37 13 14
4 35 13 14
5 33 13 14
6 31 13 14
7 29 13 14
8 27 13 14
9 25 13 14
10 23 13 14
11 21 13 14
12 19 13 14
13 17 13 14
14 15 13 14
15 13 13 14
16 11 5 16
17 9 5 16
18 7 5 16
19-31 5 5 16

Table 1

Even if the tolerances of 2-5 dB are quite stringent, when operating at
higher power levels an increase of only few dB may affect the power consumption
significantly. Hence, it may be desirable to utilise the full tolerance interval more
than is done today. This may be done by monitoring the characteristics of the
uplink (UL) channel i.e. the channel from the mobile entity to the base station, to
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minimize transmission power within the tolerance interval and thereby also power
consumption, while maintaining quality and throughput in the air interface.

Figure 3 shows a mobile entity 300 comprising a transceiver circuit
301, an output power estimator 302, an output power controller 303 and a position
circuit 304. The components represent functionality present in the mobile entity
300 and may be implemented in hardware as well as in software or in a
combination thereof.

The transceiver circuit 301, comprising both a transmitter and a
receiver, communicates with a base station in a mobile network. The transceiver
circuit 301 is further configured to receive a message comprising an indication of a
target output power of the radio transmitter.

The output power estimator 302 is configured to estimate an output
power of a transmitter based on the received indication of a target output power.
However, the output power is not always equal to the received target output
power. In contrast, the tolerance interval is utilised. According to one aspect of the
invention the output power may be equal to the received target output power under
certain situations or at certain conditions; e.g. at low output power, when the effect
of using the interval is less. The output power is estimated based on the received
target output power also utilising other information about the present channel
conditions. This will be further described in figures 4, 5 and 8.

Finally, the output power controller 303 is arranged to adjust the
actual output power of the radio transceiver in accordance with the estimation of
the power estimator 302.

The mobile entity may also comprise a positioning circuit 304 e.g. a
GPS, configured to provide position information of the mobile entity 300.

The method for controlling the output power in a mobile entity
according to one aspect of the invention is now illustrated in the block diagram of
figure 4. In the first step 401, the mobile entity receives a nominal output power
from the base station 104. According to the invention the received nominal value
will be one input parameter to the output power estimation. The next step is an
estimation of actual output power 402, which will also take into account the current
uplink channel conditions, in this case the channel quality. However, according to

the present GSM specification, the uplink channel quality is not known to the
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mobile entity 300, but is calculated in the base station as e.g. Bit Error Rate (BER)
or Block Error Rate (BLER).

According to this aspect of the invention the mobile entity 300 utilises
the characteristics of the downlink (DL) channel, i.e. the channel from the base
station to the mobile entity, as a measurement of the uplink channel, by assuming
that the channel in the downlink direction is equal to the channel in the uplink
direction. Hence, e.g. the BER or BLER of the downlink, which may be calculated
in the transceiver circuit 301, may be used in combination with the received
nominal value to estimate the output power. E.g. if the BER is above a first
threshold, the output power may be the nominal power level minus 0.5 dB and if
the nominal power is above a second value, then the output power may be the
nominal power level minus 1 dB and so on.

Figure 6 illustrates the principle of utilising the allowed interval of a
given power level for output power control in a wireless communication network.
Figure 6 illustrates the higher power classes 210, 211, 212. Each power class has
a target value 220, 221, 222. However, according to the invention the output
power is not set to the target value by default. Instead, the power level varies with
in the tolerance interval 230, 231, 232. The size of the intervals and the steps may
be adjusted as suitable under the circumstances.

In step 403, the output power is adjusted in accordance with the
estimation in step 402.

The method controlling the output power in a mobile entity according
to another aspect of the invention is illustrated in the block diagram of figure 5. In
the first step 501, the mobile entity receives a nominal value from the base station
104. The received nominal value will be one input parameter to the output power
estimation. The output power estimation will also take into account the current
transmission conditions, in this case the channel quality. The uplink channel
quality is calculated in the base station e.g. as Bit Error Rate (BER) or Block Error
Rate (BLER). According to this aspect of the invention the base station 104
transmits a quality parameter representing the quality of the uplink channel to the
mobile entity 300. This is not in line with the present GSM specification, but is a
possible change, which would require changes also in the GSM network.
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The mobile entity receives 502 the BER or BLER of the uplink and
uses this value in combination with the received nominal value to estimate an
actual output power 503. As an example, if the BER is above a first threshold, the
output power may be the nominal power level minus 0.5 dB and if the BER is
above a second threshold, then the output power may be the nominal power level
minus 1 dB and so on. The thresholds and the steps may be adjusted as suitable
under the circumstances. The assumption is that if the channel quality is good,
then power level may be decreased and still maintaining quality and throughput in
the air interface.

In step 504, the output power is adjusted in accordance with the
estimation in step 503.

The invention is not limited to the embodiment described above, but
may be modified without departing from the scope of the claims below. UMTS has
a slightly different way of controlling output power. However, the same principle
may be used in a UMTS network 700.

The UMTS uplink power control comprises open loop power control,
inner loop power control, and outer loop power control, as illustrated in figure 7,
showing a cell 701 comprising a Radio Network controller 703 and a Node B 704.
A mobile entity 300 communicates with the Node B 704 over a channel 710, 711.

Open loop power control is the ability of the mobile entity 300 to set its
output power to a specific value. It is used for setting initial uplink 710 and
downlink 711 transmission powers when a mobile entity is accessing the network.

Outer loop power control is used to maintain the quality of
communication at the level of bearer service quality requirement, while using as
low power as possible. The uplink 710 outer loop power control is responsible for
setting a target SIR in the Node B 704 for each individual uplink 710 inner loop
power control. This target SIR is updated for each mobile entity 300 according to
the estimated uplink quality (Block Error Ratio, Bit Error Ratio) for each Radio
Resource Control connection.

Inner loop power control in the uplink is the ability of the mobile entity
300 to adjust its output power in accordance with one or more transmit power
control commands (TPC_cmd) received in the downlink 711, in order to keep the

received uplink 710 Signal-to-Interference Ratio (SIR) wherein the SIR is given by
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the outer loop power control target. The mobile entity transmitter is capable of
changing the output power with a step size of 1, 2, and 3 dB, in the slot
immediately after the TPC_cmd can be derived. Inner loop power control
frequency is 1500 Hz.

The serving cell 701 estimates the SIR of the received uplink,
generate TPC commands (TPC_cmd) and transmits the commands once per slot
according to the following rule: if SIRest > SIRiarget then the TPC command to
transmit is "0", while if SIRest < SIRarget then the TPC command to transmit is "1".
Upon reception of one or more TPC commands in a slot, the mobile entity 300
derives a single TPC command for each slot, combining multiple TPC commands
if more than one is received in a slot. Hence, the transmitter shall have the
capability of changing the output power with a step size of 1, 2 and 3 dB within in
interval as defined in the 3GPP specification 3GPP TS 25.101 section 6.4.2.1.1.

Transmitter power control range
TPC_cmd 1dB step size 2 dB step size 3 dB step size
Lower Upper Lower Upper Lower Upper
+1 +0.5 dB +1.5 00 +1 B +3 0B +1.5 00 +4.5 0B
1] -0.5dB +0.5dB -0.5 dB +0.5dB -0.5 dB +0.5dB
-1 -0.5dB -1.5dB -1 dB -31dB -1.5dB -4.5dB
Table 2

Hence, the present invention may be implemented in the inner loop
power control, because the defined step size of 1, 2 or 3 dB is considerable when
operating at higher power levels and may affect the power consumption
appreciably.

The method for controlling the radio output power in mobile entity
operating in a UMTS system according to the invention is illustrated in the block
diagram of figure 8. In the first step 801, the mobile entity 300 receives a TCP
command from the Node B 704. According to the invention the TCP command will
be one input to the power control. In the next step a step size will be calculated
704 also taking into account the current transmission conditions, in this case the
channel quality. However, according to the present UMTS specification, the uplink
channel quality is not known to the mobile entity 300, but is calculated in the base
station e.g. as Bit Error Rate (BER) or Block Error Rate (BLER).

10
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In the next step, the mobile entity 300 utilises the characteristics of the
downlink channel 711 as a measurement of the uplink channel 710, by assuming
that the channel characteristics in the downlink direction is similar to the channel
characteristics in the uplink direction. Hence, e.g. the BER or BLER of the
downlink 710 may be used in combination with the received nominal value to
estimate the output power 802. E.g. if the BER is above a first threshold and the
TCP command corresponds to a power increase of +2 dB, the output power may
be adjusted with a step size of +1.75dB dB below the received step size and if the
BER is above a second threshold, the output power may be adjusted with a step
size of +1.5 dB and so on. The thresholds and the steps may be adjusted as
suitable under the circumstances.

In step 803, the output power is adjusted in accordance with the
estimation in step 802.

In accordance with another aspect of the invention a mobile entity in a
UMTS network may instead use quality parameters of the uplink received from the
Node B, corresponding to the method disclosed in figure 5.

In accordance with another aspect of the invention the mobile entity
comprises a position circuit 304. The output power controller may then have a
learning function, such that it stores the settings for frequently used positions.

The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used
herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further

understood that the terms "comprises" "comprising,” "includes" and/or "including”
when used herein, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

The foregoing has described the principles, preferred embodiments and modes of
operation of the present invention. However, the invention should be regarded as
illustrative rather than restrictive, and not as being limited to the particular
embodiments discussed above. The different features of the various embodiments

of the invention can be combined in other combinations than those explicitly
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described. It should therefore be appreciated that variations may be made in those
embodiments by those skilled in the art without departing from the scope of the

present invention as defined by the following claims.

12
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CLAIMS

1. A method for controlling the radio output power in a mobile entity comprising a

5

10

15

20

25

30

transmitter and a receiver for communicating with a radio base station over a

communication channel, comprising the following steps:

- receiving (401,501,801) a message comprising an indication of a target
transmit power from a base station;

- estimating (402,503,802) an actual transmit power of said transmitter
based on the received target transmit power and the actual conditions of
the communication channel and

- adjusting (403,503,803) the transmit power of the radio transmitter in

accordance with the estimation.

. A method according to claim 1 wherein the actual conditions of the

communication channel is a quality parameter representing the quality of the

uplink of the communication channel.

. A method according to claim 2 wherein the quality parameter is transmitted

from the base station to the mobile entity.

. A method according to claim 2 wherein the quality parameter is estimated

using the quality of the downlink of the communication channel.

. A method according to any of claims 2-4 wherein the quality parameter is a Bit

Error Rate (BER) or Block Error Rate (BLER).

. A method according to claim 1 wherein the actual conditions comprises a

position parameter.

. A method according to any of claims 1-5 wherein the message comprises an

indication of a target transmit power is a transmit power control command.

13
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8. A method according to any of claims 1-5 wherein the message comprises an

indication of a target transmit power is a nominal output power.

9. A method according to any of claims 1-7 wherein the transmit power is

adjusted within a given tolerance interval.

10.A computer program including programmed instructions that when executed
on a computer circuit of a mobile entity (300) causes the mobile entity (300) to
perform the method according to any of claims 1-9.

11.A mobile entity comprising

- a radio transceiver (301) for communicating with a base station (104,
704) over a communication channel;

- an output power estimator (302) for estimating a output power of the
transceiver (301)

- a transmit power controller (303) configured to adjust the actual transmit
power of the radio transceiver (301) in accordance with the estimation of
the output power estimator (302).

characterized in that the mobile entity is configured to execute the method

according to any of claims 1-9.

14
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