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nodes transmitting a second reference signal at substan-
tially the same transmission power.



WO 2012/123030 A1 AT 00T A O A

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW, Published:

ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



10

15

20

25

30

WO 2012/123030 PCT/EP2011/054037

DESCRIPTION

TITLE

METHOD AND APPARATUS FOR DETERMINING TRANSMISSION POWER

Communicating over a wireless interface can involve coopera-
tively detecting a transmission from a communication device
at a plurality of access nodes.

A communication device can be understood as a device provided
with appropriate communication and control capabilities for
enabling use thereof for communication with other parties.
The communication may comprise, for example, communication of
voice, electronic mail (email), text messages, data, multime-
dia and so on. A communication device typically enables a
user of the device to receive and transmit communication via
a communication system and can thus be used for accessing
various service applications.

A communication system is a facility which facilitates the
communication between two or more entities such as the commu-
nication devices, network entities and other nodes. A commu-
nication system may be provided by one or more interconnect
networks. One or more gateway nodes may be provided for in-
terconnecting various networks of the system. For example, a
gateway node is typically provided between an access network
and other communication networks, for example a core network
and/or a data network.

An appropriate access system allows the communication device
to access to the wider communication system. An access to the
wider communications system may be provided by means of a
fixed line or wireless communication interface, or a combina-

tion of these. Communication systems providing wireless ac-
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cess typically enable at least some mobility for the users
thereof.

A wireless access system typically operates in accordance
with a wireless standard and/or with a set of specifications
which set out what the various elements of the system are
permitted to do and how that should be achieved. Examples
include GSM (Global System for Mobile) EDGE (Enhanced Data
for GSM Evolution) Radio Access Networks (GERAN), Universal
Terrestrial Radio Access Networks (UTRAN), and evolved Uni-
versal Terrestrial Radio Access Networks (EUTRAN). For exam-
ple, the standard or specification may define if the user, or
more precisely user equipment, is provided with a circuit
switched bearer or a packet switched bearer, or both. Commu-
nication protocols and/or parameters which should be used for
the connection are also typically defined. For example, the
manner in which communication should be implemented between
the user equipment and the elements of the networks and their
functions and responsibilities are typically defined by a
predefined communication protocol. Such protocols and or pa-
rameters further define the freguency spectrum to be used by
which part of the communications system, the transmission
power to be used etc..

One technique of communicating over a wireless interface re-
lies on combining the results of detecting a transmission
from a communication device at a plurality of access nodes;
or detecting a transmission based on signals received at a
plurality of access nodesg; or more generally, involving a
plurality of access nodes in the detection of a transmission.
There has been identified the challenge of controlling the
power of transmissions from a communication device in such a
communication technique.

There is provided a method, comprising: in a communication
system involving a plurality of access nodes cooperatively

detecting a transmission from a communication device, deter-
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mining at said communication device a transmission power pa-
rameter relating to said communication device at least
partly on the basis of a plurality of pathloss values includ-
ing a first pathloss value for a first set of access nodes of
said plurality of access nodes transmitting a first reference
signal at substantially the same transmission power and a
second pathloss value for one or more second access nodes of
said plurality of access nodes transmitting a second refer-
ence signal at substantially the same transmission power.

In one embodiment, the method further comprises: determining
said transmission power parameter at least partly on the ba-
sis of one of the following: (i) an average of said plural-
ity of pathloss values; (ii) a lowest one of said plurality
of pathloss values; and (iii) an inverse of the sum of the
inverses of said plurality of pathloss values.

In one embodiment, the method further comprises: determining
said first pathloss value on the basis of one or more meas-
urements of a power at which said first reference signal is
received at said communication device, and determining said
second pathloss value on the basis of one or more measure-
ments of a power at which said second reference signal is re-
ceived at said communication device.

In one embodiment, the method further comprises: receiving at
said communication device information about the transmission
powers of the first and second reference signals.

In one embodiment, said first reference signal is transmitted
at a first transmission power; and said second reference sig-
nal is transmitted at a second transmission power different
to said first transmission power.

There is also provided a method comprising: in a communica-
tion system involving a plurality of access nodes coopera-
tively detecting a transmission from a communication device,
determining at said communication device a transmission power

parameter relating to said communication device at least
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partly on the basis of respective pathloss values for a plu-
rality of access nodes or groups of access nodes, wherein the
method comprises: determining said transmission power parame-
ter at least partly on the basis of one of the following:

(i) an average of said pathloss values; (ii) a lowest one of
said pathloss values; and (iii) an inverse of the sum of the
inverses of said pathloss wvalues.

In one embodiment, said pathloss values comprise a pathloss
value for at least one group of access nodes transmitting a
common reference signal at substantially the same transmis-
sion power.

In one embodiment, said pathloss values comprise at least: a
pathloss value for a first access node or group of access
nodes transmitting a first reference signal at a first trans-
mission power; and a pathloss value for a second access node
or group of access nodes transmitting a second reference sig-
nal with a second transmission power different to said first
transmission power.

In one embodiment, the method further comprises: determining
said transmission power parameter at least partly on the ba-
sis of respective pathloss values for each access node or
group of access nodes for which the communication device is
configured to provide feedback about one or more parameters
of received transmissions.

In one embodiment, the method further comprises: receiving at
said communication device an indication of the plurality of
access nodes or groups of access nodes for which pathloss
values are to be used for controlling transmission power.

In one embodiment, said transmission power parameter is a
transmission power of a transmission from said communication
device, and further comprising: controlling the power of said
transmission on the basis of said transmission power parame-

ter.



10

15

20

25

30

WO 2012/123030 PCT/EP2011/054037

In one embodiment, the method further comprises: controlling
the power of said transmission also taking into account one
or more of the following: one or more power control commands
received at the communication device; a transport format; a
number of allocated physical resource blocks; and a maximum
allowed transmission power value.

In one embodiment, said transmission power parameter is a
power headroom value.

There is also provided a method comprising: in a communica-
tion system involving a plurality of access nodes coopera-
tively detecting a transmission from a communication device
transmitting towards said communication device from a radio
access network information identifying a plurality of access
nodes or groups of access nodes for which said communication
device is to determine respective pathloss values for use in
determining a transmission power parameter relating to said
communication device, wherein said information identifies at
least a first set of access nodes of said plurality of access
nodes for which the communication device is to measure a
first pathloss value and one or more second access nodes of
said plurality of access nodes for which said communication
device is to determine a second pathloss value, wherein said
first set of access nodes transmit a first reference signal
at substantially the same transmission power and the one or
more second access nodes transmit a second reference signal
at substantially the same transmission power

In one embodiment, the method further comprises transmitting
from said radio access network towards said communication de-
vice information about the respective transmission powers of
said first and second reference signals.

In one embodiment, said first set of access nodes transmit
said first reference signal at a first transmission power;

and said one or more second access nodes transmit said second
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reference signal with a second transmission power different
to said first transmission power.

In one embodiment, the method further comprises determining a
closed-loop power control command based on one or more meas-
urements of power at which one or more transmissions are re-
ceived at said plurality of access nodes, and transmitting
said power control command to the communication device.

There is also provided an apparatus comprising: a processor
and memory including computer program code, wherein the mem-
ory and computer program code are configured to, with the
processor, cause the apparatus to: 1in a communication system
involving a plurality of access nodes cooperatively detecting
a transmission from a communication device, determine at
said communication device a transmission power parameter re-
lating to said communication device at least partly on the
basis of a plurality of pathloss values including a first
pathloss value for a first set of access nodes of said plu-
rality of access nodes transmitting a first reference signal
at substantially the same transmission power and a second
pathloss value for one or more second access nodes of said
plurality of access nodes transmitting a second reference
signal at substantially the same transmission power.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to:
determine said transmission power parameter at least partly
on the basis of one of the following: (i) an average of said
plurality of pathloss values; (ii) a lowest one of said plu-
rality of pathloss values; and (iii) an inverse of the sum of
the inverses of said plurality of pathloss wvalues.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to:
determine said first pathloss value on the basis of one or
more measurements of a power at which said first reference

signal is received at said communication device, and deter-
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mine said second pathloss value on the basis of one or more
measurements of a power at which said second reference signal
is received at said communication device.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to:
receive at said communication device information about the
transmission powers of the first and second reference sig-
nals.

In one embodiment, said first reference signal is transmitted
at a first transmission power; and said second reference sig-
nal is transmitted at a second transmission power different
to said first transmission power.

There is also provided an apparatus comprising: a processor
and memory including computer program code, wherein the mem-
ory and computer program code are configured to, with the
processor, cause the apparatus to: 1in a communication system
involving a plurality of access nodes cooperatively detecting
a transmission from a communication device, determine at
said communication device a transmission power parameter con-
trolling the power of said transmission relating to said
communication device at least partly on the basis of respec-
tive pathloss values for a plurality of access nodes or
groups of access nodes; and determine said transmission power
parameter at least partly on the basis of one of the follow-
ing: (i) an average of said pathloss values; (ii) a lowest
one of said pathloss values; and (iii) an inverse of the sum
of the inverses of said pathloss values.

In one embodiment, said pathloss values comprise a pathloss
value for at least one group of access nodes transmitting a
common reference signal at substantially the same transmis-
sion power.

In one embodiment, said pathloss values comprise at least: a
pathloss value for a first access node or group of access

nodes transmitting a first reference signal at a first trans-
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mission power; and a pathloss value for a second access node
or group of access nodes transmitting a second reference sig-
nal with a second transmission power different to said first
transmission power.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to:
determine said transmission power parameter at least partly
on the basis of respective pathloss values for each access
node or group of access nodes for which the communication de-
vice is configured to provide feedback about one or more pa-
rameters of received transmissions.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to:
receive at said communication device an indication of the
plurality of access nodes or groups of access nodes for which
pathloss values are to be used for controlling transmission
power.

In one embodiment, said transmission power parameter is a
transmission power of a transmission from said communication
device, and wherein said memory and computer program code are
configured to, with the processor, cause the apparatus to
control the power of said transmission on the basis of said
transmission power parameter.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to:
control the power of said transmission also taking into ac-
count one or more of the following: one or more power control
commands received at the communication device; a transport
format; a number of allocated physical resource blocks; and a
maximum allowed transmission power value.

In one embodiment, said transmission power parameter is a
power headroom value.

There is also provided an apparatus comprising: a processor

and memory including computer program code, wherein the mem-
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ory and computer program code are configured to, with the
processor, cause the apparatus to: in a communication system
involving a plurality of access nodes cooperatively detecting
a transmission from a communication device : transmit towards
said communication device from a radio access network infor-
mation identifying a plurality of access nodes or groups of
access nodes for which said communication device is to deter-
mine regpective pathloss values for use in determining a
transmission power parameter relating to said communication
device, wherein said information identifies at least a first
set of access nodes of said plurality of access nodes for
which the communication device is to measure a first pathloss
value and one or more second access nodes of said plurality
of access nodes for which said communication device is to de-
termine a second pathloss value, wherein said first set of
access nodes transmit a first reference signal at substan-
tially the same transmission power and the one or more second
access nodes transmit a second reference signal at substan-
tially the same transmission power .

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to
transmit from said radio access network towards said communi-
cation device information about the resgpective transmission
powers of said first and second reference signals.

In one embodiment, said first set of access nodes transmit
said first reference signal at a first transmission power;
and said one or more second access nodes transmit said second
reference signal with a second transmission power different
to said first transmission power.

In one embodiment, said memory and computer program code are
configured to, with the processor, cause the apparatus to de-
termine a closed-loop power control command based on one or
more measurements of power at which one or more transmissions

are received at said plurality of access nodes, and trans-
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mitting said power control command to the communication de-
vice.

There is also provided an apparatus configured to carry out
any of the above methods.

There is also provided user equipment and a base station com-
prising any of the above apparatus.

In one embodiment, the base station is an eNodeB.

There is also provided a computer program product comprising
program code means which when loaded into a computer controls
the computer to: in a communication system involving a plu-
rality of access nodes cooperatively detecting a transmission
from a communication device, determine at said communication
device a transmission power parameter relating to said com-
munication device at least partly on the basis of a plurality
of pathloss values including a first pathloss value for a
first set of access nodes of said plurality of access nodes
transmitting a first reference signal at substantially the
same transmission power and a second pathloss value for one
or more second access nodes of said plurality of access nodes
transmitting a second reference signal at substantially the
same transmission power.

There is also provided a computer program product comprising
program code means which when loaded into a computer controls
the computer to: in a communication system involving a plu-
rality of access nodes cooperatively detecting a transmission
from a communication device, determine at said communication
device a transmission power parameter relating to said commu-
nication device at least partly on the basis of respective
pathloss values for a plurality of access nodes or groups of
access nodes; and determine said transmission power parameter
at least partly on the basis of one of the following: (i) an
average of said pathloss values; (ii) a lowest one of said
pathloss values; and (iii) an inverse of the sum of the in-

verses of said pathloss wvalues.
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There is also provided a computer program product comprising
program code means which when loaded into a computer controls
the computer to: transmit towards said communication device
from a radio access network information identifying a plural-
ity of access nodes or groups of access nodes for which said
communication device is to determine respective pathloss val-
ues for use in determining a transmission power parameter re-
lating to said communication device, wherein said information
identifies at least a first set of access nodes of said plu-
rality of access nodes for which the communication device is
to measure a first pathloss value and one or more second ac-
cess nodes of said plurality of access nodes for which said
communication device is to determine a second pathloss value,
wherein said first set of access nodes transmit a first ref-
erence signal at substantially the same transmission power
and the one or more second access nodes transmit a second

reference signal at substantially the same transmission power

Hereunder, embodiments of the present invention will be de-
scribed in detail, by way of example only, with reference to
the following drawings, in which:

Figure 1 illustrates an example of a network within which em-
bodiments of the invention may be implemented, which network
includes a macro eNB serving a relatively wide area and RRUs
serving respective smaller areas within the area served by
the macro eNB.

Figure 2 illustrates an example of user equipment shown in
figure 1 in further detail;

Figure 3 illustrates an example of an apparatus suitable for
implementing an embodiment of the invention at a RRU or macro
eNB of the network shown in figure 1; and

Figure 4 illustrates an example of the operations of user
equipment of Figure 1 in accordance with an embodiment of the

present invention.
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Embodiments of the invention are described below, by way of
example only, in the context of a Coordinated Multi-Point
(CoMP) reception system proposed as a development for a Long
Term Evolution (LTE)-Advanced radio access system. However,
the same kind of techniques are also of use in other systems
in which communicating over a wireless interface relies on
involving a plurality of access nodes in the cooperative de-
tection of a transmission from a communication device.

Figure 1 illustrates one example of a CoMP technique. An up-
link signal from user equipment 6 is received at multiple,
geographically separated points including a macro eNodeBR
(eNB) 2 and a plurality of remote radio units (RRUs) 4. A
source signal from user equipment 6 is reconstructed from the
observations of said source signal at said macro eNB 2 and
RRUs 4. Such joint signal processing can enable the exploita-
tion of interference, and can realise gains in spectral effi-
ciency. The signal processing can, for example, be carried
out at a central processing unit based on information re-
ceived from the macro eNB 2 and RRUs 4, or at one or more of
the macro eNB 2 and RRUs 4 following the exchange of informa-
tion between the macro eNB 2 and RRUs 4.

The macro eNB 2 could, for example, be one of a large number
of similar macro eNBs forming a cellular access network. The
RRUs 4 could, for example, be low power eNBs (such as Home
eNodeBs (HeNBs)) with a link to a core network other than via
macro eNB 2, or a set of relay nodes operating under macro
eNB 2 as a Donor eNB (DeNB).

In Figure 1: the solid line arrows indicate the detection at
the macro eNB 2 and RRUs 4 of a transmission by UE 6; and the
broken line arrows indicate the detection at UE 6 of refer-
ence signals transmitted by the macro eNB 2 and RRUs 4.
Figure 2 shows a schematic partially sectioned view of an ex-
ample of user equipment 6 that may be used for communicating

with the macro eNB 2 and RRUs 4 of Figure 1 via a wireless
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interface. The user equipment (UE) 6 may be used for various
tasks such as making and receiving phone calls, for receiving
and sending data from and to a data network and for experi-
encing, for example, multimedia or other content.

The UE 6 may be any device capable of at least sending or re-
ceiving radio signals. Non-limiting examples include a mobile
station (MS), a portable computer provided with a wireless
interface card or other wireless interface facility, personal
data assistant (PDA) provided with wireless communication ca-
pabilities, or any combinations of these or the like. The UE
6 may communicate via an appropriate radio interface arrange-
ment of the UE 6. The interface arrangement may be provided
for example by means of a radio part and associated antenna
arrangement. The antenna arrangement may be arranged inter-
nally or externally to the UE 6.

The UE 6 may be provided with at least one data processing
entity 203 and at least one memory or data storage entity 217
for use in tasks it is designed to perform. The data proces-
sor 213 and memory 217 may be provided on an appropriate cir-
cuit board 219 and/or in chipsets.

The user may control the operation of the UE 6 by means of a
suitable user interface such as key pad 201, voice commands,
touch sensitive screen or pad, combinations thereof or the
like. A display 215, a speaker and a microphone may also be
provided. Furthermore, the UE 6 may comprise appropriate con-
nectors (either wired or wireless) to other devices and/or
for connecting external accessories, for example hands-free
equipment, thereto.

Figure 3 shows an example of apparatus for use at the RRUs 4
and the macro eNB 2. The apparatus comprises a radio fre-
quency antenna 301 configured to receive and transmit radio
frequency signals; radio frequency interface circuitry 303
configured to interface the radio frequency signals received

and transmitted by the antenna 301 and the data processor
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306. The radio frequency interface circuitry 303 may also be
known as a transceiver. The data processor 306 is configured
to process signals from the radio frequency interface cir-
cuitry 303, control the radio frequency interface circuitry
303 to generate suitable RF signals to communicate informa-
tion to the UE 6 via the wireless communications link. The
memory 307 is used for storing data, parameters and instruc-
tions for use by the data processor 306.

It would be appreciated that both the UE 6 and the apparatus
shown in figures 2 and 3 respectively and described above may
comprise further elements which are not directly involved
with the embodiments of the invention described hereafter.
According to one embodiment of the invention, UE 6 controls
the transmission of physical uplink shared channel (PUSCH)
transmissions according to the following equation:

Poysen (1) = min{Foya i, 10108, (M e (1)) + POfPUSCH(j) +a(j) - PL+ A0+ ()}
[dBm]

where,

e FP.uxls the configured UE transmitted power defined in
[3GPP TS 36.101]

® Mpygep(i)is the bandwidth of the PUSCH resource assignment
expressed in number of resource blocks valid for sub-
frame 1.

® Pypuscu(/)1s a parameter composed of the sum of a cell
specific nominal component Fy, youmar pusca(/) provided from

higher layers for 7=0 and I and a UE specific component
Py vk puscu(/) provided by higher layers for j=0 and 1. For

PUSCH (re)transmissions corresponding to a semi-

persistent grant then 7=0 , for PUSCH (re)transmissions
corresponding to a dynamic scheduled grant then j=1 and
for PUSCH (re)transmissions corresponding to the random

access response grant then j=2. B, ypusen(2)=0 and
POfNOMINALfPUSCH (2)= PoprE + APREAMBLEﬁMsg3 , where the parameter

PREAMBLE INITIAL RECEIVED TARGET POWER [3GPP TS 36.321]
(Fopre) @0 Apppyumrir gz @Y€ signalled from higher layers.



10

15

20

25

30

35

40

WO 2012/123030 15 PCT/EP2011/054037

For 7 =0 or 1, ac{,04,0506,0.7,0809,1} is a 3-bit cell spe-
cific parameter provided by higher layers. For j=2,
a(j)=1.

PL, is the downlink pathloss estimate calculated in the
UE in dB and PL = referenceSignalPower - higher layer
filtered RSRP, where referenceSignalPower is provided by
higher layers and RSRP is defined in [3GPP TS 36.214]
and the higher layer filter configuration is defined in
[3GPP TS 36.331]

A () =10log, (2" - g ") for Kg=125and 0 for Ky;=0where K

is given by the UE specific parameter deltaMCS-Enabled
provided by higher lavyers

O MPR=0., /N, for control data sent via PUSCH without

Cc-1
UL-SCH data and }:KJAQEfor other cases.
r=0
= where C 1is the number of code blocks, K, is
the size for code block r, O, 1s the number

of CQI bits including CRC bits and Ny 1is
the number of resource elements determined

_ PUSCH —initial PUSCH-initial PUSCH —initial
AS Ny =M, “Negmb , where C, K,, M,

and NPUSCHAil o0 defined in [3GPP TS 36.212].

symb

O B =pge for control data sent via PUSCH without

UL-SCH data and 1 for other cases.

Opuscy 1S @ UE specific correction value, also referred

to as a TPC command and is included in PDCCH with DCI
format 0 or jointly coded with other TPC commands in
PDCCH with DCI format 3/3A whose CRC parity bits are
scrambled with TPC-PUSCH-RNTI. The current PUSCH power
control adjustment state is given by f() which is defined

by:

o f=fG-D+0pyen(i—Kpysey) 1f accumulation is enabled
based on the UE-specific parameter Accumulation-
enabled provided by higher layers or if the TPC
command Opyeey 1S included in a PDCCH with DCI for-
mat 0 where the CRC is scrambled by the Temporary
C-RNTI

* where g —Kppsen)Wwas signalled on PDCCH with
DCI format 0 or 3/3A on subframe i-Kpyep, and
where f(0) is the first value after reset of
accumulation.

® The value of Kpygepy 1S
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e For FDD, Kpygey = 4

e For TDD UL/DL configurations 1-6, Kpucy
is given in 3GPP TS 36.213-930 Table
5.1.1.1-1

e TFor TDD UL/DL configuration 0

o If the PUSCH transmission in sub-
frame 2 or 7 is scheduled with a
PDCCH of DCI format 0 in which the
LSB of the UL index is set to 1,

Kpysen = 7

o For all other PUSCH transmissions,

Kevsen is given in 3GPP TS 36.213-930

Table 5.1.1.1-1.

The UE attempts to decode a PDCCH of DCI for-
mat 0 with the UE’s C-RNTI or SPS C-RNTI and a
PDCCH of DCI format 3/3A with this UE’s TPC-
PUSCH-RNTI in every subframe except when in
DRX

If DCI format 0 and DCI format 3/3A are both
detected in the same subframe, then the UE

shall use the OJpygy Provided in DCI format O.

Spusen =0dB for a subframe where no TPC command

is decoded or where DRX occurs or 1 is not an
uplink subframe in TDD.

The Spygey dB accumulated values signalled on
PDCCH with DCI format 0 are given in 3GPP TS
36.213-930 Table 5.1.1.1-2. If the PDCCH with
DCI format 0 is validated as a SPS activation
or release PDCCH, then &gy 1is 0dB.

The 6&pysey dB accumulated values signalled on
PDCCH with DCI format 3/3A are one of SETL
given in 3GPP TS 36.213-930 Table 5.1.1.1-2 or
SET2 given in 3GPP TS 36.213-930 Table
5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

If UE has reached maximum power, positive TPC
commands shall not be accumulated

If UE has reached minimum power, negative TPC
commands shall not be accumulated

UE shall reset accumulation
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¢ when P,ygpuscy value is changed by higher
layers

e when the UE receives random access re-
sponse message
0 f()=0puseni—Kpysen) 1L accumulation is not enabled

based on the UE-specific parameter Accumulation-
enabled provided by higher layers

* where Opsen(i — Kppsey)Wwas signalled on PDCCH with
DCI format 0 on subframe i-Kpyepy

= The value of Kpyey 18
e For FDD, Kpygey = 4

e For TDD UL/DL configurations 1-6, Ky

is given in 3GPP TS 36.213-930 Table
5.1.1.1-1

e TFor TDD UL/DL configuration 0

o If the PUSCH transmission in sub-
frame 2 or 7 is scheduled with a
PDCCHof DCI format 0 in which the
LSB of the UL index is set to 1,

Kpysen = 7

o For all other PUSCH transmissions,
Kopsey is given in 3GPP TS 36.213-930
Table 5.1.1.1-1.

® The Jpysen dB absolute values signalled on
PDCCH with DCI format 0 are given in Table
5.1.1.1-2. If the PDCCH with DCI format 0 is
validated as a SPS activation or release
PDCCH, then 6pygey 1s 0dB.

" f@=f(G(-)for a subframe where no PDCCH with

DCI format 0 is decoded or where DRX occurs or
i is not an uplink subframe in TDD.

o For both types of f(*) (accumulation or current ab-
solute) the first value is set as follows:

" If Pyuppusen value is changed by higher layers,

i f(O) = AP}’ampup-’_ §msg2
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o0 where § 1is the TPC command indi-

msg2
cated in the random access response,
see 3GPP TS 36.213-930 Section 6.2,
and

O AP is provided by higher layers

rampup
and corresponds to the total power
ramp-up from the first to the last
preamble

In this non-limiting example, the macro eNB 2 is configured
to transmit reference signals, and each of the RRUs 4 is con-
figured to transmit common reference signals at a common
transmission power. UE 6 sees the plurality of RRUs 4 as a
single logical cell transmitting a unigque cell reference sig-
nal (CRS). For the downlink pathloss estimate wvalue PL for
the above equation, UE 6 is configured to use a pathloss
value determined from a combination of: (a) a pathloss value
PL1 determined from a measurement of high layer filtered RSRP
for the CRS transmitted by the macro eNB 2; and (b) a path-
loss value PL2 determined from a measurement of high layer
filtered RSRP for the CRS transmitted by the group of RRUs 4;
wherein RSRP is reference signal received power as defined in
3GPP TS 36.214, and the higher layer filter configuration is
defined in 3GPP TS 36.331. 1In more detail, the pathloss wval-
ues PL1 and PL2 are determined by subtracting the respective
higher layer filtered RSRP value from a respective reference
signal power (RSP) value,. The latter is communicated to UE ©
via higher layer signalling.

In one embodiment, the PL value for the above power control
equation is the average of pathloss values PL1 and PL2. In
another embodiment, the PL value for the above power control
equation is the lowest of pathloss values PL1 and PL2. In yet
another embodiment, PL1 and PL2 are linear values, and the PL
value for the above power control equation is the inverse of

the sum of the inverses of the pathloss values PL1 and PL2.
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In yet another embodiment, the PL value for the above power
control equation is determined according to the following
equation:

PL = PL, —10log,,(1+10%"~")"1%

In one embodiment, the set of cell reference signals that UE
6 is to use to determine the PL value for the above-mentioned
power control equation (i.e. for the example above, the CRS
transmitted by macro eNB 2 and the CRS transmitted at a com-
mon transmission power by each of RRUs 4) is predetermined to
be the same set of reference signals for which the UE 6 is
instructed by the radio access network (via higher layer sig-
nalling) to provide channel state information (CSI) feedback
to the radio access network. In another embodiment, the set
of cell reference signals that UE 6 is to use to determine
the PL value for the above-mentioned power control equation
is configured independently from the set of cell reference
signals for which the UE 6 is configured to provide CSI feed-
back to the radio access network; and the radio access net-
work uses higher layer signalling to also provide a separate
indication of the set of cell reference signals that UE 6 is
to use to determine the PL value for the above-mentioned
power control egquation.

An embodiment of the present invention has been described
above for the example of UE 6 operating according to the
power control equation specified at 3GPP TS 36.213-930. How-
ever, the same kind of technique for determining a pathloss
value to be used in determining transmission power could be
applied, for example, to any power control technique includ-
ing an open-loop component based on a pathloss wvalue.

The same PL value determined from pathloss values PL1 and PL2
can also, or alternatively, be used for determining other
transmission power parameters such as, for example, an indi-

cator of the additional return power available at UE 6, which
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is known as the power headroom value. One example of deter-
mining the power headroom value based on a PL value is de-
scribed at 3GPP TS 36.213-930, where power headroom PH is de-
fined by the following equation:

PH (i) = Fomax —{ 101og o (M pyscu D)+ Fo puscu (/) +a(j)- PL+ Arp (@) + [ (i) }

wherein each symbol is as specified above for the equation
for calculating transmission power for PUSCH.

An embodiment of the invention has been described above for
the example where the PL value for the transmission power
equation (or other power equation) is based on two pathloss
values. However, in other examples, the PL value could be
based on a larger number of individual pathloss values. The
individual pathloss values could, for example, include as
many pathloss values as there are different reference signal
transmission powers among the access nodes involved in the
coordinated multi-point reception of a transmission from UE
6.

Also, in the example described above, the PL value is based
on a mixture of different kinds of individual pathloss wval-
ues, i.e. a mixture of a pathloss value for a group of re-
ceiving points and a pathloss value for an individual receiv-
ing point. However, in other examples, the PL value could be
based on individual pathloss values that are either all for
respective groups of receiving points or all for respective
individual receiving points. For example, the PL value could
be based on an individual pathloss value for two or more
macro eNBs 2 (e.g. the macro eNB 2 shown in Figure 1 and one
or more neighbouring macro eNBs) and an individual pathloss
value for the group of RRUs 4.

The above-described operations may require data processing in
the various entities. The data processing may be provided by
means of one or more data processors. Similarly various enti-
ties described in the above embodiments may be implemented

within a single or a plurality of data processing entities
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and/or data processors. Appropriately adapted computer pro-
gram code product may be used for implementing the embodi-
ments, when loaded to a computer. The program code product
for providing the operation may be stored on and provided by
means of a carrier medium such as a carrier disc, card or
tape. A possibility is to download the program code product
via a data network. Implementation may be provided with ap-
propriate software in a server.

For example the embodiments of the invention may be imple-
mented as a chipset, in other words a series of integrated
circuits communicating among each other. The chipset may com-
prise microprocessors arranged to run code, application spe-
cific integrated circuits (ASICs), or programmable digital
signal processors for performing the operations described
above.

Embodiments of the invention may be practiced in various com-
ponents such as integrated circuit modules. The design of in-
tegrated circuits is by and large a highly automated process.
Complex and powerful software tools are available for con-
verting a logic level design into a semiconductor circuit de-
sign ready to be etched and formed on a semiconductor sub-
strate.

Programs, such as those provided by Synopsys, Inc. of Moun-
tain View, California and Cadence Design, of San Jose, Cali-
fornia automatically route conductors and locate components
on a semiconductor chip using well established rules of de-
sign as well as libraries of pre-stored design modules. Once
the design for a semiconductor circuit has been completed,
the resultant design, in a standardized electronic format
(e.g., Opus, GDSII, or the like) may be transmitted to a
semiconductor fabrication facility or "fab" for fabrication.
In addition to the modifications explicitly mentioned above,

it will be evident to a person skilled in the art that wvari-
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ous other modifications of the described embodiment may be

made within the scope of the invention.
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CLAIMS

1. A method, comprising: in a communication system involv-
ing a plurality of access nodes cooperatively detecting a
transmission from a communication device, determining at said
communication device a transmission power parameter relating
to said communication device at least partly on the basis of
a plurality of pathloss values including a first pathloss
value for a first set of access nodes of said plurality of
access nodes transmitting a first reference signal at sub-
stantially the same transmission power and a second pathloss
value for one or more second access nodes of said plurality
of access nodes transmitting a second reference signal at

substantially the same transmission power.

2. A method according to claim 1, comprising: determining
said transmission power parameter at least partly on the ba-
sis of one of the following: (i) an average of said plurality
of pathloss values; (ii) a lowest one of said plurality of
pathloss values; and (iii) an inverse of the sum of the in-

verses of said plurality of pathloss values.

3. A method according to claim 1 or claim 2, comprising:
determining said first pathloss value on the basis of one or
more measurements of a power at which said first reference
signal is received at said communication device, and deter-
mining said second pathloss value on the basis of one or more
measurements of a power at which said second reference signal

is received at said communication device.

4, A method according to claim 3, comprising: receiving at
said communication device information about the transmission

powers of the first and second reference signals.
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5. A method according to any preceding claim, wherein said
first reference signal is transmitted at a first transmission
power; and said second reference signal is transmitted at a
second transmission power different to said first transmis-

sion power.

6. A method comprising: in a communication system involving
a plurality of access nodes cooperatively detecting a trans-
mission from a communication device, determining at said com-
munication device a transmission power parameter relating to
said communication device at least partly on the basis of re-
spective pathloss values for a plurality of access nodes or
groups of access nodes, wherein the method comprises: deter-
mining said transmission power parameter at least partly on
the basis of one of the following: (i) an average of said
pathloss values; (ii) a lowest one of said pathloss values;
and (iii) an inverse of the sum of the inverses of said path-

loss wvalues.

7. A method according to claim 6, wherein said pathloss
values comprise a pathloss value for at least one group of
access nodes transmitting a common reference signal at sub-

stantially the same transmission power.

8. A method according to claim 6 or claim 7, wherein said
pathloss values comprise at least: a pathloss value for a
first access node or group of access nodes transmitting a
first reference signal at a first transmission power; and a
pathloss value for a second access node or group of access
nodes transmitting a second reference signal with a second
transmission power different to said first transmission

power.
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9. A method, according to any of claims 1 to 8, comprising:
determining said transmission power parameter at least partly
on the basis of respective pathloss values for each access
node or group of access nodes for which the communication de-
vice is configured to provide feedback about one or more pa-

rameters of received transmissions.

10. A method according to any of claims 1 to 8, comprising:
receiving at said communication device an indication of the
plurality of access nodes or groups of access nodes for which
pathloss values are to be used for controlling transmission

power.

11. A method according to any preceding claim, wherein said
transmission power parameter is a transmission power of a
transmission from said communication device, and further com-
prising: controlling the power of said transmission on the

basis of said transmission power parameter.

12. A method according to claim 11, comprising: controlling
the power of said transmission also taking into account one
or more of the following: one or more power control commands
received at the communication device; a transport format; a
number of allocated physical resource blocks; and a maximum

allowed transmission power value.

13. A method according to any of claims 1 to 10, wherein

said transmission power parameter is a power headroom value.

14. A method comprising: in a communication system involving
a plurality of access nodes cooperatively detecting a trans-
mission from a communication device : transmitting towards
said communication device from a radio access network infor-

mation identifying a plurality of access nodes or groups of
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access nodes for which said communication device is to deter-
mine regpective pathloss values for use in determining a
transmission power parameter relating to said communication
device, wherein said information identifies at least a first
set of access nodes of said plurality of access nodes for
which the communication device is to measure a first pathloss
value and one or more second access nodes of said plurality
of access nodes for which said communication device is to de-
termine a second pathloss value, wherein said first set of
access nodes transmit a first reference signal at substan-
tially the same transmission power and the one or more second
access nodes transmit a second reference signal at substan-

tially the same transmission power.

15. A method according to claim 14, further comprising
transmitting from said radio access network towards said com-
munication device information about the respective transmis-

sion powers of said first and second reference signals.

16. A method according to claim 14 or claim 15, wherein said
first set of access nodes transmit said first reference sig-
nal at a first transmission power; and said one or more sec-
ond access nodes transmit said second reference signal with a
second transmission power different to said first transmis-

sion power.

17. A method according to any of claims 14 to 16, further
comprising determining a closed-loop power control command
based on one or more measurements of power at which one or
more transmissions are received at said plurality of access
nodes, and transmitting said power control command to the

communication device.
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18. An apparatus comprising: a processor and memory includ-
ing computer program code, wherein the memory and computer
program code are configured to, with the processor, cause the
apparatus to: 1in a communication system involving a plural-
ity of access nodes cooperatively detecting a transmission
from a communication device, determine at said communication
device a transmission power parameter relating to said commu-
nication device at least partly on the basis of a plurality
of pathloss values including a first pathloss value for a
first set of access nodes of said plurality of access nodes
transmitting a first reference signal at substantially the
same transmission power and a second pathloss value for one
or more second access nodes of said plurality of access nodes
transmitting a second reference signal at substantially the

same transmission power.

19. An apparatus according to claim 18, wherein said memory
and computer program code are configured to, with the proces-
sor, cause the apparatus to: determine said transmission
power parameter at least partly on the basis of one of the
following: (i) an average of said plurality of pathloss val-
ues; (ii) a lowest one of said plurality of pathloss wvalues;
and (iii) an inverse of the sum of the inverses of said plu-

rality of pathloss values.

20. An apparatus according to claim 18 or claim 19, wherein
said memory and computer program code are configured to, with
the processor, cause the apparatus to: determine said first
pathloss value on the basis of one or more measurements of a
power at which said first reference signal is received at
said communication device, and determine said second pathloss
value on the basis of one or more measurements of a power at
which said second reference signal is received at said commu-

nication device.
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21. An apparatus according to claim 20, wherein said memory
and computer program code are configured to, with the proces-
sor, cause the apparatus to: receive at said communication

device information about the transmission powers of the first

and second reference signals.

22. An apparatus according to any of claims 18 to 21,
wherein said first reference signal 1is transmitted at a
first transmission power; and said second reference signal is
transmitted at a second transmission power different to said

first transmission power.

23. An apparatus comprising: a processor and memory includ-
ing computer program code, wherein the memory and computer
program code are configured to, with the processor, cause the
apparatus to: 1in a communication system involving a plural-
ity of access nodes cooperatively detecting a transmission
from a communication device, determine at said communication
device a transmission power parameter controlling the power
of said transmission relating to said communication device
at least partly on the basis of respective pathloss wvalues
for a plurality of access nodes or groups of access nodes;
and determine said transmission power parameter at least
partly on the basis of one of the following: (i) an average
of said pathloss values; (ii) a lowest one of said pathloss
values; and (iii) an inverse of the sum of the inverses of

said pathloss values.

24, An apparatus according to claim 23, wherein said path-
loss values comprise a pathloss value for at least one group
of access nodes transmitting a common reference signal at

substantially the same transmission power.
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25. An apparatus according to claim 23 or claim 24, wherein
said pathloss values comprise at least: a pathloss value for
a first access node or group of access nodes transmitting a
first reference signal at a first transmission power; and a
pathloss value for a second access node or group of access
nodes transmitting a second reference signal with a second
transmission power different to said first transmission

power.

26. An apparatus according to any of claims 18 to 25 wherein
said memory and computer program code are configured to, with
the processor, cause the apparatus to: determine said trans-
mission power parameter at least partly on the basis of re-
spective pathloss values for each access node or group of ac-
cess nodes for which the communication device is configured
to provide feedback about one or more parameters of received

transmissions.

27. An apparatus according to any of claims 18 to 25,
wherein said memory and computer program code are configured
to, with the processor, cause the apparatus to: receive at
said communication device an indication of the plurality of
access nodes or groups of access nodes for which pathloss

values are to be used for controlling transmission power.

28. An apparatus according to any of claims 18 to 26,
wherein said transmission power parameter is a transmission
power of a transmission from said communication device, and
wherein said memory and computer program code are configured
to, with the processor, cause the apparatus to control the
power of said transmission on the basis of said transmission

power parameter.
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29. An apparatus according to claim 28, wherein said memory
and computer program code are configured to, with the proces-
sor, cause the apparatus to: control the power of said trans-
mission also taking into account one or more of the follow-

ing: one or more power control commands received at the com-
munication device; a transport format; a number of allocated
physical resource blocks; and a maximum allowed transmission

power value.

30. An apparatus according to any of claims 18 to 27,
wherein said transmission power parameter is a power headroom

value.

31. An apparatus comprising: a processor and memory includ-
ing computer program code, wherein the memory and computer
program code are configured to, with the processor, cause the
apparatus to: in a communication system involving a plurality
of access nodes cooperatively detecting a transmission from a
communication device : transmit towards said communication
device from a radio access network information identifying a
plurality of access nodes or groups of access nodes for which
said communication device is to determine respective pathloss
values for use in determining a transmission power parameter
relating to said communication device, wherein said informa-
tion identifies at least a first set of access nodes of said
plurality of access nodes for which the communication device
is to measure a first pathloss value and one or more second
access nodes of said plurality of access nodes for which said
communication device is to determine a second pathloss value,
wherein said first set of access nodes transmit a first ref-
erence signal at substantially the same transmission power
and the one or more second access nodes transmit a second
reference signal at substantially the same transmission

power.



10

15

20

25

30

WO 2012/123030 PCT/EP2011/054037

31

32. An apparatus according to claim 31, wherein said memory
and computer program code are configured to, with the proces-
sor, cause the apparatus to transmit from said radio access
network towards said communication device information about
the respective transmission powers of said first and second

reference signals.

33. An apparatus according to claim 31 or claim 32, wherein
said first set of access nodes transmit said first reference
signal at a first transmission power; and said one or more
second access nodes transmit said second reference signal
with a second transmission power different to said first

transmission power.

34. An apparatus according to any of claims 31 to 33,
wherein said memory and computer program code are configured
to, with the processor, cause the apparatus to determine a
closed-loop power control command based on one or more meas-
urements of power at which one or more transmissions are re-
ceived at said plurality of access nodes, and transmitting

said power control command to the communication device.

35. An apparatus configured to carry out the method accord-

ing to any of claims 1 to 13.

36. An apparatus configured to carry out the method accord-

ing to any of claims 14 to 17.

37. User equipment comprising apparatus according to any of

claims 18 to 30 and 35.

38. A base station comprising apparatus according to any of

claims 31 to 34 and 36.
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39. A base station according to claim 38, wherein the base

station is an eNodeB.

40. A computer program product comprising program code means
which when loaded into a computer controls the computer to:
in a communication system involving a plurality of access
nodes cooperatively detecting a transmission from a communi-
cation device, determine at said communication device a
transmission power parameter relating to said communication
device at least partly on the basis of a plurality of path-
loss values including a first pathloss value for a first set
of access nodes of said plurality of access nodes transmit-
ting a first reference signal at substantially the same
transmission power and a second pathloss value for one or
more second access nodes of said plurality of access nodes
transmitting a second reference signal at substantially the

same transmission power.

41. A computer program product comprising program code means
which when loaded into a computer controls the computer to:
in a communication system involving a plurality of access
nodes cooperatively detecting a transmission from a communi-
cation device, determine at said communication device a
transmission power parameter relating to said communication
device at least partly on the basis of respective pathloss
values for a plurality of access nodes or groups of access
nodes; and determine said transmission power parameter at
least partly on the basis of one of the following: (i) an
average of said pathloss values; (ii) a lowest one of said
pathloss values; and (iii) an inverse of the sum of the in-

verses of said pathloss wvalues.

42. A computer program product comprising program code means

which when loaded into a computer controls the computer to:
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transmit towards said communication device from a radio ac-
cess network information identifying a plurality of access
nodes or groups of access nodes for which said communication
device is to determine respective pathloss values for use in
determining a transmission power parameter relating to said
communication device, wherein said information identifies at
least a first set of access nodes of said plurality of access
nodes for which the communication device is to measure a
first pathloss value and one or more second access nodes of
said plurality of access nodes for which said communication
device is to determine a second pathloss value, wherein said
first set of access nodes transmit a first reference signal
at substantially the same transmission power and the one or
more second access nodes transmit a second reference signal

at substantially the same transmission power.
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402: RECEIVE AT UE 6: INFORMATION IDENTIFYING GROUP OF RRUs 4 AS A 1°" LOGICAL
CELL AND MACRO ENB 2 AS A 2"° LOGICAL CELL, AND INFORMATION ABOUT THE RSP
OF CRS1 FOR 1°" LOGICAL CELL AND THE RSP OF CRS2 FOR 2"° LOGICAL CELL

404: MEASURE RSRP1 FOR CRS1 TRANSMITTED BY GROUP OF
RRUs 4 AND RSRP2 FOR CRS2 TRANSMITTED BY MACRO ENB 2

406: DETERMINE PL1 FOR 1°" LOGICAL CELL BASED ON RSRP1 AND RSP 1;
AND DETERMINE PL2 FOR 2"° LOGICAL CELL BASED ON RSRP2 AND RSP 2

408: DETERMINE PL VALUE FROM PL1 AND PL2

410: DETERMINE TRANSMISSION POWER FOR PUSCH
TRANSMISSION FROM UE 6 USING PL VALUE DETERMINED AT 408

Figure 4
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