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station (10) to the network element (20), the reliability information defining a quality of a radio transmission between the base

station (10) and a mobile terminal. Based on the transmitted reliability information, the network element (20) determines a
variation of a target setpoint for power control and transmits a power control command defining the variation of the target
setpoint to the base station (10). Thereby, a bearer specific controlling procedure can be performed and the signaling of the
procedure can be done via the user plane. This implementation provides an outer loop power control having the necessary
flexibility to adapt its parameters to the bearer characteristic of an actual connection.
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(57) Abstract

A method and system for performing power
control in a mobile communication network comprising
at least one base station (10) and a network element (20)
connected to the base station (10), wherein a reliability
information is transmitted from the base station (10)
to the network element (20), the reliability information
defining a quality of a radio transmission between the
base station (10) and a mobile terminal. Based on the
transmitted reliability information, the network element
(20) determines a variation of a target setpoint for
power control and transmits a power control command
defining the variation of the target setpoint to the base
station (10). Thereby, a bearer specific controlling
procedure can be performed and the signaling of the
procedure can be done via the user plane. This
implementation provides an outer loop power control
having the necessary flexibility to adapt its parameters
to the bearer characteristic of an actual connection,

power target
control setting
16 15

20
det. axty.
means means

SRNC




CA 02353902 2001-06-06

WO 00/35120 PCT/EP98/07931

POWER CONTROL METHOD AND SYSTEM IN MOBILE COMMUNICATION
NETWORKS

FIELD OF THE INVENTION

5 The present invention relates to a method and system for
performing power control in a mobile communication network
such as a radio access network of a WCDMA (Wideband Code
Division Multiple Access) system like the UMTS (Universal

Mobile Telecommunications System).

10
BACKGROUND OF THE INVENTION

In a mobile radio network, the transmitting power of a mo-
bile station is adjusted by a closed loop power control in
15 order to keep the received uplink Signal-to-Interference
Ratio (SIR) at a given SIR target. Therefore, a base sta-
tion controlling the mobile station performs an estimation
of the total uplink received interference in the current
frequency band. Based on the estimation, the base station

20 generates power control commands which are transmitted to

the mobile station.

Upon reception of a power control command, the mobile sta-
tion adjusts the transmit power in a given direction with a
25 predetermined step. The step size 1s a paramete'r which may

differ between different radio cells.

Additionally, an outer loop power control is performed in
order to adjust the SIR target used by the closed loop
30 power control. The SIR target is independently adjusted for

each connection based on an estimated quality of the con-

nection. In addition, the power offset between uplink chan-



10

15

20

25

30

CA 02353902 2001-06-06

WO 00/35120 PCT/EP98/07931

- 2 -
nels may be adjusted. The quality estimate i1s derived based

on different service combinations. Typically, a combination
of an estimated bit-error rate and frame-error rate is

used.

In a radio access network of a WCDMA system, packet- and
circuit-switched services can be freely mixed, with vari-
able bandwidths, and delivered simultaneously to the same
user, with specific quality levels. Moreover, bandwidths
requirements for a user can be changed during a session.

Therefore, a flexible power control is required in such a

radio access network of the WCDMA system.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to pro-

vide a method and system for performing a flexible power

control.

This object is achieved by a method for performing power
control in a mobile communication network, comprising the
steps of:

transmitting a reliability information from at least one
base station to a network element of the mobile communica-
tion network, said reliability information defining a qual-
ity of a radio transmission between the at least one base
station and a mobile terminal or vice versa;

determining a varilation of a target setpoint for power con-
trol, based on the transmitted reliability information;
transmitting a power control command defining the variation

of the target setpoint from the network element to the at

least one base station.
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Additionally, the above objecg 1s achieved by a system.fbr
performing power control in a mobile communication network
comprising a base station and a network element connected
to the base station,

wherein the base station comprises generating means for
generating a reliability information defining a quality of
a radio transmission between the base station and a mobile
terminal or vice versa, and a transmitting means for trans—'
mitting the reliability information to the network element;
and

wherein the network element comprises a receiving means for
receiving the reliability information, a determination
means for determining a variation of a target setpoint for
power control, based on the received reliability informa-
tion, a generating means for generating a power control
command defining a variation of the target setpoint, and a

transmitting means for transmitting the power control com-

mand to the base station.

Accordingly, the outer loop power control is performed in a
network element using a reliability information set by the
base station such that a bearer specific controlling proce-
dure can be performed, wherein the signaling of the proce-
dure can be done via the user plane. Thereby, an outer loop
power control with the necessary flexibility can be imple-
mented so as to adapt the power control parameters to the
bearer characteristics such as bit rate, required quality,

bit error rate, coding and interleaving, and the like.

The power control may be performed on the basis of a reli-
ability information transmitted from a plurality of base
stations connected to the network element, wherein the
variation of the target setpoint for power control 1s per-

formed on the baslis of a consideration of each respective
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reliability information transmitted from the plurality of
base stations to the network element, and wherein the power
control command 1s transmitted to each of the plurality of
base stations. Thereby, the improved power control also
can be performed in soft handover cases, where two or more

base stations simultaneously communicate with one mobile

terminal.

The determination of the wvariation of the target setpoint

for power control can be performed on the basis of a selec-
tion of the best reliability information or, alternatively,
on the basis of a predetermined combination of the received

reliability informations

The target setpoint may be a target energy per bit to noise

power density ratio.

Preferably, the network element 1s a radio network control-
ler in which the required parameters of the bearer charac-

teristics are available.

The reliability information may be inserted as a control
information into an uplink data packet such as a packet
data unit (PDU) of the User Plane Transport Protocol
(UPTP). The format and/or coding of the control information
may be bearer dependent. Thereby, the overhead of the PDUs
can be adapted to the bearer and thus minimized. Prefera-
bly, the format and/or coding of the control information 1is

defined in a channel setup phase.

The reliability information may comprise a result of a re-
dundancy code check performed by the base station, and/or a
channel specific parameter. In case different uplink

branches are combined, one resulting reliability informa-
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tion is defined. Thereby, an improved power control also

can be performed in softer handover cases, where a plural-

ity of radio cells belonging to the same base station are

involved in the communicatiqn with the mobile terminal.

The power control command generated in the network element
may be inserted as a control information into a downlink
data packet which may also be a PDU of the UPTP. In case a
power control command is required while no downlink data
10 packet is being transmitted, an empty downlink data packet
containing only the power control command may be transmit-

ted.

The coding of the power control command may be bearer de-
15 pendent to thereby minimized the overhead of the downlink
data packets. In particular, the coding of the power con-

trol command may be defined in a channel setup phase.

Preferably, the power control command defines a variation
20 of the energy per bit to noise power density ratio Eb/No.

In particular, the power control command may have a length

of one bit so as to define an incrementation or decrementa-

tion of the Eb/No. Alternatively, the power control command

may have a length of a plurality of bits so as to define a
25 change value of the Eb/No.

In case a downlink data splitting is performed in a network
element, the power control command may be duplicated in all
branches.

30
If a dedicated channel activity is performed, an absolute
value of the target setpoint may be set by the base station

in all branches. In this case, a step size for the varia-
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tion of the target setpoint may be redefined during the

dedicated channel activity using a layer 3 signaling.

The base station may comprise a checking means for checking
a redundancy code received from the mobile station, wherein
a generating means of the base station generates the reli-
ability information on the basis of the checking result of
the checking means and/or a channel decoder specific pa-

rameter.

Furthermore, the base station may comprise a target setting
means for changing the target setpoint for power control 1in
accordance with the variation defined by the received power
control command. The target setting means may be controlla-
ble so as to set an absolute value of the target setpoint.
Moreover, the target setting means may be controllable so
as to redefine a step size for the variation of the target

setpoint, based on a layer 3 signaling.

The determination means of the network element may be ar-
ranged to determine the variation of the target setpoint

for power control on the basis of each reliability informa-
tion received from a plurality of base stations, wherein

the power control command is transmitted by the transmit-

ting means of said network element to each of the plurality
of base stations. In this case, the determination means can
be arranged to determine the variation of the target set-

point for power control on the basis of a selectlion of the

worst reliability information received from the plurality

of base stations, or on the basis of a predetermined combi-

nation of the received reliability information.

Moreover, the generating means of the at least one base

station may be arranged to determine a resultant reliabil-
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ity information on the basis of a plurality of reliability
informations generated for a plurality of uplink branches.
In this case, the generating means of the at least one base
station may be arranged to determine the resultant reli-
ability information on the basis of the worst reliability
information of the plurality of uplink branches, or on the
basis of a predetermined combination of the generated reli-

ability informations.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the present invention will be described
in greater detail on the basis of a preferred embodiment

with reference to the accompanying drawings in which:

Fig. 1 shows a diagram indicating information processings
and flows in a base station or a serving radio network con-
troller, or between the base station and the serving radio
network controller, respectively, of a power control system
according to the preferred embodiment of the present inven-

tion; and

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Tn the following, the preferred embodiment of the method
and system according to the present invention will be de-
scribed on the basis of a radio access network of a WCDMA

system such as the UMTS.
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Tn such a radio access network, a mobile station (MS) 1s
radio-connected to at least one base station (BS) which 1s
connected to a‘radio network controller (RNC). In WCDMA

pased systems, the MS can be connected to several BS simul-

ctaneously due to macrodiversity.

RS 10 is currently located. The BS 10 comprises a trans-
ceiver 11 for performing a radio communication with the
controlled MS. Furthermore, the BS 10 comprises a switching

means such as an ATM switch 14 arranged to connect a re-
switching means such as an ATM switch 21 of the SRNC 20.

Moreover, the BS 10 comprises a power control means 16
which performs the closed loop power control in order to
adjust the transmission power of the MS on the basis of a

setting command supplied from a target setting means 15.

The detailed function of the power control system according
to the preferred embodiment is described in the following
on the basis of the diagram shown in Fig. 2. According to
Fig. 2, information processing and transmission in and be-
tween the BS 10 and the SRNC 20 is shown, wherein the proc-
essing flow starts at the top of Fig. 2 and proceeds to the

bottom thereof.

Initially, the transmission quality of the radio transmis-

sion between the controlled MS and the BS 10 is checked on
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rate frequency, and the noise figure of the receiver. The

relation between the sampled signal to noise power ratio

[S/N]g and Eb/No depends on the pulse wave form and the re-

ceiving filter characteristics. It should be noted that any
other parameter for determining the quality of transmission

can be used in the present power control system.

The above described checking procedure is performed in a
checking means 12 of the BS 10. Based on the checked qual-
ity of transmission, a generating means 13 of the BS 10
generates a reliability information indicating the trans-
mission quality. The reliability information is supplied to
the ATM switch 14 which inserts the reliability information
as a control information into an uplink packet data unit
(PDU) of the User Plane Transport Protocol (UPTP), and
transmits the uplink PDU to the SRNC 20.

The ATM switch 21 of the SRNC 20 receives the uplink PDU
and supplies it to an extracting means 22 which 1s arranged

to extract the reliability information from the received
uplink PDU.

The extracted reliability information is supplied to a de-
termination means 23 which determines a power control set-
point variation based on the supplied reliability informa-
tion and under consideration of the corresponding bearer

charateristics. Thereby, the Eb/No setpoint 1is adapted to

the bearer characteristics of the current connection.

Based on the determined setpoint variation, a generating
means 24 generates a power control command (PC command) de-
fining the setpoint variation. Subsequently the PC command

is supplied to the ATM switch 21 which inserts the PC com-
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mand as a control information into a downlink PDU of the

UPTP, and transmits the downlink PDU to the ATM switch 14
of the BS 10.

& Tn the BS 10, the ATM switch 14 extracts the PC command
from the downlink PDU and supplies it to the target setting
means 15. Based on the received PC command the target set-
ting means 15 generates a power setting command and sup-
plies it to the power control means 16, such that the power

10 control setpoint is changed according to the received PC
command. Subsequently, the power control means 16 performs
3 closed loop power control on the basis of the new power

control setpoint, i.e. Eb/No setpoint.

15 According to the above description of the preferred embodi -

70 be used by the fast uplink power control loop in the air

interphase. The variation, i.e. the PC command, is signaled

to the BS 10.

The format and/or coding of the reliability information 1in
25 the uplink PDU is generated based on the corresponding
bearer and is defined in the channel setup phase. It can be
composed e.g. of the results of a Cyclic Redundancy Code
(CRC) check performed by the checking means 12 of the BS 10
on groups of bit, and/or by some channel specific parame-

30 ters such as a channel decoder specific parameter or the

like.
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ity informations in the respective uplink PDUs. In this

case, a resultant reliability information 1is determined by

the determination means 273 of the SRNC 20 on the basis of a

predetermined combination such as an average of the re-

5 ceived reliability informations or a selection of one of
rhe received reliability informations, e.d. the best reli-
ability information. Then, the power control command 1is du-
plicated or multiplied and inserted into the respective

downlink PDUs transmitted to the two or more BSs 10 which

10 communicate with the MS.

also in case different uplink branches are combined in one
BS 10, e.g. in softer handover cases, only one resultant
reliability information is defined in the generating means
15 13 of the BS 10, which may be obtained e.g. on the basis of
the best reliability information of the uplink branches or

on the basis of a'predetermined.combination of the received

reliability informations, or which can be generated based

on the combined signal from the sectors.

20
Tf the determination means 23 of the SRNC 20 determines the

requirement of a variation of the power control setpoint
and no downlink PDU is being transmitted at present, the
ATM switch 21 generates an empty PDU which includes only

75 the PC command supplied from the generating means 24 and no
user data. This may occur for example either when there is
no data activity in the downlink direction, or when the

transmission rate of the downlink PDU is slower than the PC

command rate.

30
The coding of the PC command generated in the generating

means 24 is bearer specific and 1s defined in the channel
setup phase from dedicated channel parameters stored in the

SRNC 20. The PC command can be a simple bit which defines a
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predetermined upward oxr downward step, i.e. an 1ncrementa-
tion or decrementation of the Eb/No setpoint. Alterna-
tively, the PC command can be a number of bits defining
with more accuracy the entity of the variation, 1.e. the

5 magnitude of the variation of the Eb/No setpoint, including

no variation at all.

Tn case a downlink data splitting 1is performed in a Media-
tion Device Communicator (MDC) unit of the communication

10 network, the same power control command is duplicated 1in

all branches.

During a dedicated channel activity, the target setting
means 15 of the BS 10 can be controlled by a layer 3 (L3)
15 signaling to set an absolute value of the Eb/No setpoint in
311 branches, to thereby avoid drifts in the Eb/No setpoint
values of different branches, which may be caused by hando-
vers. Furthermore, the target setting means 15 can be con-

trolled using a L3 signaling so as to redefine a step size

20 for the Eb/No setpoint variation.

Thus, an outer loop power control is provided having the

necessary flexibility to adapt 1ts parameters, i.e. reli-

ability information, PC command, step size, rate of PC com-

25 mand, to the bearer characteristics, i.e. bit rate required

quality, bit error rate, coding and interleaving and so on.

It is to be pointed out that the power control method and

system described in the preferred embodiment can be applied

30 to any mobile radio network comprising a base station con-

nected to a network element. The above description of the

preferred embodiment and the accompanying drawings are only

intended to illustrate the present invention. The preferred
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embodiment of the invention may thus vary within the scope

of the attached claims.

In summary, a method and system for performing power con-
trol in a mobile communication network 1s described, com-
prising base stations and a network element connected to
the base stations, wherein a reliability information is
transmitted from at least one base station to the network
element, the reliability information defining a quality of
a respective radio transmission between the at least one
base station and a mobile terminal or vice versa. Based on
the transmitted reliability information, the network ele-
ment determines a variation of a target setpoint for power
control and transmits a power control command defining the
variation of the target setpoint to the at least one base
station. Thereby, a bearer specific controlling procedure
can be performed and the signaling of the procedure can be
done via the user plane. This implementation provides an
outer loop power control having the necessary flexibility

to adapt its parameters to the bearer characteristics of an

actual connection.
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NEW CLAIMS 1 to 19
10

1l A method for performing power control 1in a mobile
communication network, comprising the steps of:
a) transmitting a reliability information from at least one
15 base station to a network element of said mobile
communication network, said reliability information
defining a quality of a radio transmission'between sald at
least one base station and a mobile terminal or vice versa;
b) determining a variation of a target setpoint for power
20 control, based on the transmitted reliability information;
c) transmitting a power control command defining said
variation of said target setpoint from said network element
to said at least one base statlon,
wherein said target setpoint 1s a target energy per

25 bit to noise power density ratio Eb/No, and
wherein said format and/or coding of said control

information is defined in a channel setup phase.

2. A method according to claim 1, wherein said

30 reliability information iS~£rahéﬁitted by a plurality of
base stations connected to said network element, wherein —
said variation of said target setpoint for power control 1s
performed on the basis of a combined consideration of each
reliability information transmitted from said plurality of

35 base stations to said network element, and wherein said
power control command is transmitted to each of said

plurality of base stations.
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3. A method according to claim 2, wherein said
determination of said variation of the target setpoint for
power control is performed on the basis of a selection of

the best reliability information.

4. A method according to claim 2, whereiln said
determination of said variation of the target setpoint for
power control is performed on the basis of a predetermined

combination of the received reliability information.

5. A method according to any one of claims 1 to 4, wherein

said network element is a radio network controller.

6. A method according to any one of the preceding claims,
wherein said reliability information is inserted as a

control information into an uplink data packet.

7. A method according to any one of the preceding claims,

wherein a format and/or coding of said control information

is bearer dependent.

8. A method according to any one of the preceding claims,
wherein said reliability information comprises a result of
a redundancy code check performed by said base station,

and/or a channel decoder specific parameter.

9. A method according to any one of the preceding claims,—

wherein one resulting reliability information 1s defined,

when different uplink branches are combined.

10. A method according to any one of the preceding claims,
wherein said power control command is inserted as a control

information into a downlink data packet.

Printecs 253223, 20010608 AMENDED SHEET

...........




11. A method according to claim 10, wherein an empty
3 downlink data packet containing only said power control
command is transmitted, when said power control command 1S

5 required while no downlink data packet is being

transmitted.

12. A method according to any one of the preceding claims,

wherein a coding of said power control command is bearer

10 dependent.

13. A method according to any one of the preceding claims,

wherein said coding of said power control command 1s

defined in a channel setup phase.

15
14. A method according to any one of the preceding claims,

wherein said power control command defines a variation of

the energy per bit to noise power density ration Eb/No.

>0 15. A method according to claim 14, wherein sald power

control command has a length of one bit and defines an

incrementation or decrementation of the Eb/No.

16. A method according to claim 14, wherein said power

55 control command has a length of a plurality of bits and

defines a change value of the Eb/No.

« -

17. A method according to one of the preceding claims, —
wherein said power control command is duplicated in all -

30 branches, when a downlink data splitting 1s performed 1in a

network element.

18. A method according to any one of the preceding claims,

wherein an absolute value of said target setpoint can be

35 set in all branches during a dedicated channel activity.
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19. A method according to claim 18, wherein a step size for

the variation of said target setpoint can be redefined

during said dedicated channel activity using a layer 3

signaling.
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link data packet containing only said power control commgnd
is transmitted, when said power control command is reg4dired

while no downlink data packet is being transmitted.

14. A method according to any one of the precediig claims,

wherein a coding of said power control command/is bearer

dependent.

-

10 15. A method according to any one of the/preceding claims,

wherein said coding of said power contfol command is de-

fined in a channel setup phase.

16. A method according to any ope of the preceding claims,

15 wherein said power control copmand defines a variation of

the energy per bit to noise/power density ration Eb/No.

17. A method according o claim 16, wherein said power con-

trol command has a lergth of one bit and defines an incre-

270 mentation or decreméntation of the Eb/No.

18. A method acfording to claim 16, wherein sald power con-

trol command has a length of a plurality of bits and de-

fines a chahge value of the Eb/No.

25
19. A Wlethod according to one of the preceding claims,
wherf€in said power control command is duplicated 1in all
network—element-.

30

20. A method according to any one of the preceding claims,
wherein an absolute value of said target setpoint can be

set in all branches during a dedicated channel activity.

CA 02353902 2001-06-06




10

15

20

25

30

WO 00/35120

PCT/EP98/07931
- 17 -

1. A method according to claim 20, wherein a step size for
rhe variation of said target setpoint can be redefined dur-
ing said dedicated channel activity using a layer 3 signal-

ing.

22. A system for performing power control in a mobile com-

munication network comprising at least one base station

(10) and a network element (20) connected to said at least

one base station (10),

said base station (10) and a mobile terminal, and a trans-
mitting means (14) for transmitting said reliability infor-
mation to said network element (20); and

b) wherein said network element (20) comprises a receiving
means (21) for receiving said reliability information, a
determination means (23) for determining a variation of a
target setpoint for power control, based on the received
reliability information, a generating means (24) for gener-
ating a power control command defining said variation of
said target setpoint, and a transmitting means (21) for

transmitting said power control command toO sald at least

one base station (10).

23. A system according to claim 22, wherein said transmit-
ting means (14) of said at least one base station (10) 1is

arranged to insert said reliability information as a con-

rrol information into an uplink data packet.

24. A system according to claim 22 or 23, wherein saild at

jeast one base station (10) comprises a checking means (12)

CA 02353902 2001-06-06
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for checking a redundancy code received from said mobile

terminal, and wherein said generating means (13) of said

base station (10) generates said reliability information on

the basis of the checking result of said checking means

5 (12) and/or a channel specific parameter.

25. A system according to any one of claims 22 to 24,

wherein said transmitting means (21) of said network ele-
ment (20) is arranged to insert said power control command

10 as a control information into a downlink data packet.

26. A system according to claim 25, wherein said transmit-

ting means (21) of said network element (20) is arranged to

generate an empty downlink packet containing only said
15 power control command, when said power control command 1s

required while no downlink data packet is being transmit-

ted.

27. A system according to any one of claims 22 to 26,

270 wherein said at least one base station (10) comprises a

target setting means (15) for changing the target setpoint

for power control 1n accordance with the variation defined

by the received power control command.

275 28. A system according to claim 27, wherein said target
setting means (15) can be controlled based on a layer 3

signaling so as to set an absolute value of said target

setpoint.

30 29. A system according to claim 25, wherein said target

setting means (15) can be controlled based on a layer 3

signaling so as to redefine a step size for the variation

of said target setpoint.
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30. A system according to any one of claims 22 to 29,
wherein said determination means (23) of sald network ele-
ment (20) is arranged to determine said variation of said
5 target setpoint for power control on the basis of each re-
liability information received from a plurality of base

stations (10), and wherein said power control command is
transmitted by said transmitting means (21) of said network

element (20) to each of said plurality of base stations

10 (10).

31. A system according to claim 30, wherein said determi-
nation means (23) is arranged to determine salid variation

of said target setpoint for power control on the basis of a
15 selection of the best reliability information received from

said plurality of base stations (10).

32. A method according to claim 30, wherein said determi-
nation means (23) is arranged to determine said variation

20 of said target setpoint for power control on the basis of a
predetermined combination of the received reliability 1in-

formation.

33. A system according to any one of claims 22 to 32,
25 wherein said generating means (12) of said at least one
base station (10) is arranged to determine a resultant re-

liability information on the basis of a plurality of reli-

ability informations generated for a plurality of uplink
branches.

30
34. A system according to claim 33, whereilin said generat-
ing means (12) of said at least one base station (10) 1is

arranged to determine said resultant reliability informa-
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tion on the basis of the worst reliability information of

‘said plurality of uplink branches or on the basis of a pre-

determined combination of said generated reliability infor-

mations.

35. A system according to any one of claims 22 to 34,

wherein said network element is a radio network controller

(20).

10 36. A network element for use in a system according to any

one of claims 22 to 35.

37. A base station for use in a system according to any one

of claims 22 to 35.
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