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An uplink power control method in a telecommunications
network system that supports both common and separate TPC
commands

TECHNICAL FIELD

The present invention relates generally to the field of wireless communications, and, more
particularly, to a transmission power control method and an apparatus in a

telecommunications network system.
BACKGROUND

Setting output power levels of transmitters, radio base stations and mobile stations or
terminals in uplink is commonly referred to as power control in mobile systems. The main
objectives of power control include improved capacity, coverage, user quality (bit rate or
voice quality) and reduced power consumption. Power control mechanisms can be
categorized into several groups: (i) open-loop power control, (ii) closed loop power control
and (iii) combined open- and closed loop power control. These differ in what input is used to
determine the transmit power. In the open-loop power control case, the transmitter measures a
signal to noise ratio or a signal to interference ratio of a signal sent from the receiver, and the
transmitter sets its output power based on this measured signal. The closed-loop power
control case (also known as inner-loop power control) is the ability of the transmitter to adjust
its output power in accordance with one or more transmit power control (TPC) commands
received from the receiver, in order to keep the received signal to interference ratio (SIR) at a
given SIR target. In the closed-loop power control, the receiver thus measures the SIR of a
signal from the transmitter and then sends a TPC command to the transmitter. The transmitter
then adapts its output power based on the received TPC command. In the combined open- and

closed-loop power control case, both inputs are used to set the transmit power.

Power control mechanisms discussed above are widely used in wireless systems. In e.g.
systems with multiple channels between mobile terminals and radio base stations. different
power control principles may be applied to the different channels. An advantage of using
different power control principles to different channels yields more freedom in adapting the

power control principle to the needs of individual channels. A drawback is an increase in
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complexity of maintaining several power control principles to the needs of individual
channels. As an example. if common TPC commands for closed-loop and combined open-
loop and closed-loop power principles are used, multiple channels can use the same TPC
command. A drawback with such solution is that it yields limited flexibility in adjusting
power to the radio conditions of the individual channels. If instead separate TPC commands

are used, the overhead is increased.

SUMMARY

It is thus an object of the embodiments of the present invention to address the above
mentioned problems and to provide a transmit power control method and an apparatus
corresponding to a user equipment. that allow the support of both common and separate TPC
commands to be applied to multiple channels e.g. traffic and control channels and thus
providing flexibility in adjusting the transmit power to the conditions of the channels without

increasing complexity.

According to a first aspect of embodiments of the present invention, the above stated problem
is solved by means of a transmit power control method for use in a user equipment of a
telecommunications system comprising at least one base station and at least one user
equipment. The system further supports multiple channels including both traffic channels and
control channels each occupying allocated physical or logical resources between the base
station and the user equipment. In the method, transmit power control commands intended for
the traffic and control channels respectively are received and these commands are separately
identified by resources. When the transmit power control commands occupy the same
identified resources. then common commands are applied for the traffic and control channels.
and when the commands occupy different identified resources then separate transmit power

control commands are applied for the traffic and control channels.

According to a second aspect of embodiments of the present invention, the above stated
problem is solved by means of an apparatus corresponding to a user equipment of a
telecommunications system. The system comprising at least one base station and at least one
user equipment and further comprises multiple channels including traffic and control channels
each occupying allocated logical or physical resources between the base station and the user

equipment. The user equipment comprises means for receiving transmit power control
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commands for the traffic and control channels respectively. The commands being separately
identified by resources. The user equipment further comprises means for applying for the
traffic and control channels, common transmit power control commands when these
commands occupy the same resources, and further comprises means for applying separate
transmit power control commands for the traffic and control channels when these commands

occupy different resources.

An advantage with the present invention is flexibility in selecting TPC commands to be
applied to traffic and control channels depending on whether TPC commands are occupying

same or separate dynamically (or statically) allocated resources.

Still other objects and features of the present invention will become apparent from the
following detailed description in conjunction with the accompanying drawings, attention to be
called to the fact, however, that the following drawings are illustrative only, and that various
modifications and changes may be made in the specific embodiments illustrated as described
within the scope of the appended claims. It should further be understood that the drawings are
not necessarily drawn to scale and that, unless otherwise indicated, they are merely intended

to conceptually illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram illustrating an exemplary embodiment of the present invention wherein

separate resources are allocated.

Figure 2A is a diagram illustrating another exemplary embodiment of the present invention

wherein common TPC commands are applied for traffic and control channels.

Figure 2A is a diagram illustrating another exemplary embodiment of the present invention

wherein separate TPC commands are applied for traffic and control channels.

Figure 3A is yet another diagram illustrating another exemplary embodiment of the present

invention wherein separate TPC commands are applied for traffic and control channels.
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Figure 3B is yet another diagram illustrating another exemplary embodiment of the present

invention wherein common TPC commands are applied for traffic and control channels.

Figure 4 illustrates a flowchart of a method according to exemplary embodiments of the

present invention.

DETAILED DESCRIPTION

In the following description. for purposes of explanation and not limitation, specific details
are set forth such as particular architectures, scenarios. techniques, etc. in order to provide
thorough understanding of the present invention. However. it will be apparent from the person
skilled in the art that the present invention and its embodiments may be practiced in other

embodiments that depart from these specific details.

The different embodiments of the present invention are described herein by way of reference
to particular example scenarios. In particular the invention is described in a non-limiting
general context in relation to a communications network based on the third generation (3G)
long term evolution (LTE) concept. It should be noted that the present invention is not
restricted to 3G LTE but can be applicable in other wireless systems such as WiMAX
(worldwide interoperability for microwave access), or HSPA (high speed packet access) or

WCDMA (wideband code division multiple access).

In 3G LTE, transmit power control (TPC) commands are usually transmitted on the physical
downlink control channel (PDCCH) from a radio base station (RBS) to a mobile terminal. A
base station in 3G LTE is also known as a NodeB or eNodeB and a mobile terminal is known
as a UE (user equipment). The 3G LTE system is also a system where multiple channels exist
between terminals and base stations. The channels comprise traffic (or data) channels and
control channels. Control channels are used for transmission of control and configuration
information necessary for operating an LTE-system and traffic channels are used for the user
data. In a multichannel system, the traffic and control channels each occupy dynamically or
statically allocated physical or logical resources both in the downlink and in the uplink. The
allocation of physical or logical resources is also known as scheduling. Physical resources can
include time, frequency or code resources and logical resources can include group identities,

terminal identities, identifiers etc. Terminals or UEs may e.g. be assigned to groups using €.g.
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high layer signalling (such as radio resource control, RRC signalling). It should be noted that
the operation of allocating resources for traffic and control channels is out of the scope of the

present invention.

As mentioned above, the TPC commands are transmitted on the PDCCH from the base station
or eNodeB to the terminal(s) or UEs. The TPC commands are intended to track variations in
gain and interference of the channel they are applied to. In some systems, the control and
traffic channels can occupy the same physical resources i.e. the same time and/or frequency
resources. In such case, these channels are subject to the same variations. If instead the
control and traffic channels occupy different resources, these channels can experience
different variations in gain and interference. In such a case and according to embodiments of

the present invention, separate TPC commands are used.

Referring to figure 1 there is illustrated an example of a structure of the uplink channel 100
and the format of the PDCCH 200 used to send TPC commands from a base station (NodeB
or eNodeB) to a UE or to several UEs. As shown in figure 1. the uplink channel 100
comprises an uplink traffic channel represented here by a physical uplink shared channel
(PUSCH) which occupies a dynamically or statically allocated resource. The uplink channel
100 also comprises an uplink control channel represented here by a physical uplink control
channel (PUCCH) which also occupies a dynamically or statically allocated resource. The
allocation (dynamic or static) of the PUSCH and the PUCCH for UEs may be performed by a
eNodeB or a radio network controller (RNC) of the communications system. It should be
noted that in the LTE architecture the eNodeB may have the functionality of the RNC. In
figure 1, resources 210 and 220 represent resources that may be occupied by TPC commands
sent on the PDCCH as described below.

According to an embodiment of the present invention, TPC commands included in uplink
(UL) grants sent to individual terminals on the PDCCH are applied to the PUSCH, i.e. the
uplink traffic channel, whereas TPC commands included in downlink (DL) assignments sent
to individual terminals on the PDCCH are applied to the PUCCH i.e. the uplink control
channel. A terminal or a UE thus is provided with means to receive the TPC commands and
also means to apply the received TPC commands. A TPC command applied to the PUSCH is
here denoted TPC-PUSCH and a TPC command applied to the PUCCH is denoted TPC-
PUCCH. The TPC commands are transmitted in DL assignments and UL grants on the

5
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PDCCH and are here identified by RNTIs (radio network temporary identifiers). The RNTIs
may be different thus allowing for independent power control of PUSCH and PUCCH.
Therefore, if, in the RRC message(s) received by the UE from the eNodeB, different
resources i.e. different RNTIs are used for the PUSCH respectively for the PUCCH then
separate TPC commands are applied for the traffic and control channels. If on the other hand
the RRC message(s) from the eNodeB to the UE indicates the same RNTIs for the PUSCH
and the PUCCH then common TPC commands are applied for the traffic and control
channels. Note that since the format of the UL grant and the DL assignment are different. the
TPC commands for the PUCCH and PUSCH are separated. Therefore a RNTI received by the
UE on the RRC message(s) to identify (e.g. by decoding) a TPC-PDCCH on which the UE
should receive TPC commands for power controlling of PUSCH (in the case of UL grant) can
be denoted TPC-PUSCH RNTI, and a RNTI received on the RRC message(s) used to identify
(e.g. by decoding) a TPC-PDCCH on which the UE should receive TPC commands for power
controlling of PUCCH (in DL assignment) can be denoted TPC-PUCCH RNTI. It should also
be noted that the UE does not necessarily comprise a single means for applying the received
TPC commands. In other words, the UE may comprise one means for applying common TPC
commands for the traffic and control channels and one means for applying separate TPC

commands for the traffic and control channels.

Note that in figure 1 only a single UL grant is shown, although several UL grants can be used.
Referring to figure 2A there is illustrated the case where TPC commands for the traffic and
control channels occupy the same resource. In this scenario, the RNTI for the TPC-PUSCH
(i.e. TPC-PUSCH RNTI) and the RNTI for the TPC-PUCCH (i.e. TPC-PUCCH RNTI) are
considered to be the same. This is indicated in figure 2A by using R1 for both resource 210

and resource 220.

According to another embodiment of the present invention. when the individual logical or
physical resources 210, 220 do not coincide i.e. separate RNTIs are used, then separate TPC
commands (i.e. TPC-PDCCH for PUSCH and TPC-PDCCH for PUCCH). that are sent on the
PDCCH are applied to the PUSCH and to the PUCCH. This case scenario is shown in figure
2B where resources 210 and 220 are different. This is indicated in figure 23 where resource
210 is represented by R1 and resource 220 is represented by R2. R1 and R2 being different

from each other.
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According to an exemplary embodiment of the present invention, the TPC commands can also
be sent to a group of terminals in a format of the PDCCH i.e. the TPC-PDCCH. The TPC-
PDCCH can be addressed to a group identity representing a logical resource instead of a
physical resource. As an example, mobile terminals or UEs can be assigned to groups using
higher layer signalling. The RRC signalling is an example of a higher layer signalling. Using
the TPC-PDCCH format allows sending TPC commands also preceding uplink
transmission(s) not directly preceded by UL grants or DL assignments, e.g. so-called
persistent traffic channel allocations, or periodically occurring control channels. In this
exemplary embodiment the following steps may be used:

1. In the RRC signalling procedure, assigning terminals to group identities where

separate identities (but not necessarily distinct) are used for PUSCH and PUCCH.

2. In case separate TPC commands for PUSCH and PUCCH are desired, distinct group
identities are used for PUSCH and PUCCH.
If instead common TPC commands for PUSCH and PUCCH are desired. the same
group identity is used for PUSCH and PUCCH.

(98

As an example, when separate TPC commands are used, a terminal or 2 UE may be assigned
group identity GR1 for PUSCH and GR2 for PUCCH, where GRI1 is different from GR2.
This is illustrated in figure 3A.

When common TPC commands are used, the terminal or UE may be assigned group identity
GR1 for PUSCH and for PUCCH. This is illustrated in figure 3B.

Thus, according to the above described embodiment of the present invention, a terminal or a
UE could be separately configured with TPC-PDCCH for PUCCH which can, as described
earlier, be identified by a certain RNTI and a TPC-PDCCH for PUSCH (which also can be
identified by a certain RNTI). It should be noted that the network can configure the same
RNTI for the two cases, effectively leading to lower overhead. According to the present
invention, the objective of power control may be different for traffic and control channels. As
an example, for control channels it is often sufficient to reach a certain minimum signal to
noise ratio, whereas for traffic channels, the higher the signal to noise ratio, the better quality
is achieved e.g. higher bit rates. Therefore, in such scenario, it is beneficial to use separate

TPC commands as described above in according with embodiments of the present invention.

Referring to figure 4, there is illustrated a flowchart of a transmit power control method for
use in a UE according to the previously described exemplary embodiments of the present

invention. As shown in figure 4, the main steps of the method comprise:
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(1) receiving TPC commands for the traffic (PUSCH) and control (PUCCH) channels
respectively; the commands being separately identified by resources. as previously described:

(2) apply for the traffic and control channels, common TPC commands which occupy the
same resources; and

(3) apply for the traffic and control channels, separate TPC commands which occupy different

resources.

The present invention and its embodiments can be realised in many ways. For example, one
embodiment of the present invention includes a computer-readable medium having
instructions stored thereon that are executable by a user equipment of a telecommunications
system. The instructions executable by the user equipment and stored on a computer-readable
medium perform the transmit power control method steps of the present invention as set forth

in the claims.

While the invention has been described in terms of several preferred embodiments. it is
contemplated that alternatives. modifications, permutations and equivalents thereof will
become apparent to those skilled in the art upon reading of the specifications and study of the
drawings. It is therefore intended that the following appended claims include such
alternatives, modifications, permutations and equivalents as fall within the scope of the

present invention.
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CLAIMS

1. A transmission power control method for use in a user equipment of a telecommunications
system comprising at least one base station and at least one user equipment. said system
further comprising multiple channels including traffic and control channels each occupying
allocated physical or logical resources between said at least one base station and said user
equipment, the method characterised in that it comprises;
- receiving transmit power control commands for the traffic and control channels
respectively, said commands being separately identified by resources:
- applying for the traffic and control channels, common transmit power control
commands which occupy the same resources: and
- applying for the traffic and control channels. separate transmit power control

commands which occupy different resources.

2. The method according to claim 1 comprising identifying a transmit power control

command by a resource corresponding to a radio network temporary identifier, RNTI.

3. The method according to claim 1 or claim 2 further comprises receiving the transmit power
control commands on a physical downlink control channel, PDCCH, sent from said at least

one base station to said user equipment.

4. The method according to claim 3 wherein, when the transmit power control commands
occupy the same resources. applying the common transmit power control commands to a
physical uplink shared channel, PUSCH, corresponding to an uplink traffic channel and
applying the common transmit power control commands to a physical uplink control channel.

PUCCH. corresponding to an uplink control channel.

5. The method according to claim 3 wherein, when the transmit power control commands
occupy different resources, applying separate transmit power control commands to a physical
uplink shared channel, PUSCH, corresponding to an uplink traffic channel and to a physical

uplink control channel, PUCCH, corresponding to an uplink control channel.
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6. The method according to claim 3 further comprises assigning said user equipment to a

group of terminals having a group identity.

7. The method according to claim 6 further comprises dynamically allocating logical

resources corresponding to group identities.

8. The method according to claim 7 wherein when the transmit power control commands
occupy the same logical resources corresponding to the same group identity. applying the
common transmit power control commands to a physical uplink shared channel, PUSCH,
corresponding to an uplink traffic channel and applying the common transmit power control
commands to a physical uplink control channel, PUCCH. corresponding to an uplink control

channel.

9. The method according to claim 7 wherein when the transmit power control commands
occupy separate logical resources corresponding to distinct group identities, applying the
common transmit power control commands to a physical uplink shared channel, PUSCH,
corresponding to an uplink traffic channel and applying the common transmit power control
commands to a physical uplink control channel, PUCCH, corresponding to an uplink control

channel.

10. The method according to any one of claims 1-6 further comprises dynamically or

statically allocating physical resources to said transmit power control commands.

11. The method according to claim 10 wherein said physical resources correspond to time

and/or frequency and/or code.

12. A user equipment of a telecommunications system comprising at least one base station
and multiple channels including traffic and control channels each occupying allocated
physical or logical resources between said at least one base station and said user equipment.
the user equipment characterized in that it comprises:
- receiving means for receiving transmit power control commands for the traffic and
control channels respectively. said commands being separately identified by resources;
- means for applying for the traffic and control channels, common transmit power control

commands which occupy the same resources; and

10
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- means for applying for the traffic and control channels, separate transmit power control

commands which occupy different resources.

13. The user equipment according to claim 12 is further configured to identify a transmit
power control command using a resource corresponding to a radio network temporary
identifier, RNTL

14. The user equipment according to claim 12 or claim 13 wherein said receiving means is
configured to receive the transmit power control commands on a physical control channel.

PDCCH, received from the at least one base station.

15. The user equipment according to claim 14 wherein said means for applying is configured
to apply, when the transmit power control commands occupy the same resources, the common
transmit power control commands to a physical uplink shared channel, PUSCH,
corresponding to an uplink traffic channel and to further apply the common transmit power
control commands to a physical uplink control channel, PUCCH., corresponding to an uplink

control channel.

16. The user equipment according to claim 14 wherein said means for applying is configured
to apply, when the transmit power control commands occupy separate resources, the common
transmit power control commands to a physical uplink shared channel, PUSCH,
corresponding to an uplink traffic channel and to a physical uplink control channel, PUCCH,

corresponding to an uplink control channel.

17. The user equipment according to claim 14 is configured to be assigned to a group of
terminals having a group identity and wherein said dynamically or statically allocated logical

resources correspond to group identities

18. The user equipment according to claim 17 wherein said means for applying is configured
to apply, when the transmit power control commands occupy the same logical resources
corresponding to the same group identity, the common transmit power control commands to a
physical uplink shared channel, PUSCH, corresponding to an uplink traffic channel and to
further apply the common transmit power control commands to a physical uplink control

channel, PUCCH, corresponding to an uplink control channel.

11
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19. The user equipment according to claim 17 wherein said means for applying is configured
to apply, when the transmit power control commands occupy separate logical resources
corresponding to distinct group identities, the common transmit power control commands to a
physical uplink shared channel, PUSCH, corresponding to an uplink traffic channel and to a
physical uplink control channel, PUCCH, corresponding to an uplink control channel.

12
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