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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a power headroom control element for communicating
power information from a user equipment (UE) to a base station (BS), a method of
communicating power information from a UE to a BS, a method for processing received power
information at a radio access network (RAN) as well as to a user equipment for communicating
power information and a base station configured to process received power information, which
particularly enable simple handling and processing of a transmission power information,
respectively.

TECHNOLOGICAL BACKGROUND

[0002] In a typical cellular radio system, wireless terminals which are also known as mobile
terminals, mobile stations and/or user equipment units communicate via a radio access
network (RAN) with one or more core networks. User equipment units or simply user
equipment (UE) may include mobile telephones, such as cellular telephones, and/or other
processing devices with wireless communication capabilities, for example portable, pocket,
handheld, laptop computers, which communicate voice and/or data with the RAN.

[0003] The RAN covers a geographical area which is divided into cell areas, with each cell
area being served by a base station, e.g., a radio base station (RBS), sometimes simply
referred to as base station (BS), which in some networks is also called a "NodeB" or enhanced
NodeB which can be abbreviated as "eNodeB" or "eNB" in Long Term Evolution (LTE). Acell is
a geographical area where radio coverage is provided by the radio base station equipment at a
base station side. The base stations communicate over the air interface operating on radio
frequencies with UEs within a range of the base stations.

[0004] In some versions of the RAN, several BSs are typically connected, e.g. by landlines or
microwave, to a radio network controller (RNC). The radio network controller, also sometimes
termed a base station controller (BSC), supervises and coordinates various activities of the
plural BSs connected thereto. The RNCs are typically connected to one or more core networks.
Core networks generally comprise a Mobile Switching Center (MSC) that provides circuit-
switched services and a serving GPRS support node (SGSN) that provides packet-switch type
services.

[0005] The Universal Mobile Telecommunications System (UMTS) is a third generation mobile
communication system, which evolved from the Global System for Mobile Communications
(GSM), and is intended to provide improved mobile communication services based on
Wideband Code Division Multiple Access (WCDMA) access technology. UTRAN, short for
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UMTS Terrestrial Radio Access Network, is a collective term for the NodeBs and RNCs which
make up the UMTS radio access network. Thus, UTRAN is essentially a radio access network
using WCDMA for user equipment units.

[0006] The Third Generation Partnership Project (3GPP) has undertaken to evolve further the
UTRAN and GSM based radio access network technologies. In this regard, specifications for
the Evolved Universal Terrestrial Radio Access Network (E-UTRAN) are ongoing within 3GPP.
The Evolved Universal Terrestrial Radio Access Network (E-UTRAN) comprises the Long Term
Evolution (LTE) and System Architecture Evolution (SAE).

[0007] Figure 1 is a simplified block diagram of a Long Term Evolution (LTE) RAN 100. The
LTE RAN 100 is a variant of a 3GPP RAN where radio base station nodes (eNodeBs) are
connected directly to a core network 130 rather than to RNC nodes. In general, in LTE the
functions of a RNC node are performed by the radio base station nodes, sometimes simply
referred to as base stations. Each of the radio base station nodes, in Fig. 1 eNodeBs 122-1,
122-2, ...122-M, communicate with UEs, e.g. UE 110-1, 110-2, 110-3, ...110-L, that are within
their respective communication service cells. The radio base station nodes (eNodeBs) can
communicate with one another through an X2 interface and with the core network 130 through
S1 interfaces, as is well known to the one who is skilled in the art.

[0008] The LTE standard is based on multi-carrier based radio access schemes such as
Orthogonal Frequency-Division Multiplexing (OFDM) in the downlink and Discrete Fourier
Transform (DFT) - spread OFDM in the uplink. The OFDM technique distributes the data over
a large number of carriers that are spaced apart at precise frequencies. This spacing provides
the "orthogonality” in this technique which avoids having demodulators see frequencies other
than their own. The benefits of OFDM are high spectral efficiency, resiliency to radio frequency
(RF) interference, and lower multi-path distortion. The basic LTE downlink physical resource
can thus be seen as a time-frequency grid as illustrated in Figure 2A, where each resource
element corresponds to one OFDM subcarrier during one OFDM symbol interval. In more
detail, the LTE downlink physical resource of Figure 2A shows subcarriers having a spacing of
Af=15kHz and a close-up of one OFDM symbol including a cyclic prefix.

[0009] In the time domain, LTE downlink transmissions are organized into radio frames of 10
ms, each radio frame consisting of 10 equally-sized subframes of length T pframe = 1 Ms as

shown in the LTE time-domain structure of Figure 2B.

[0010] Furthermore, the resource allocation in LTE is typically described in terms of resource
blocks, where a resource block corresponds to one slot (0.5 ms) in the time domain, i.e. two
slots per subframe, and 12 contiguous subcarriers in the frequency domain. Resource blocks
are numbered in the frequency domain, starting with zero from one end of the system
bandwidth. Downlink transmissions are dynamically scheduled, i.e. in each subframe the BS
transmits control information indicating to which (mobile) terminals and on which resource
blocks the data is transmitted during the current downlink subframe. This control signalling is
typically transmitted in the first 1, 2, 3 or 4 OFDM symbols in each subframe. A downlink



DK/EP 3373668 T3

system (downlink subframe) with 3 OFDM symbols as control region is illustrated in Figure 3.

[0011] Next, a physical uplink control channel (PUCCH) is described. As implied by the name,
the PUCCH carries uplink control information, e.g., hybrid-ARQ (hybrid Automatic Repeat
Request), Channel Quality Indicator (CQl), ACK/NACK, etc.. LTE uses hybrid-ARQ (hybrid
Automatic Repeat Request), where, after receiving downlink data in a subframe, the terminal,
e.g. user equipment, attempts to decode it and reports to the BS whether the decoding was
successful (ACK) or not (NACK). In case of an unsuccessful decoding attempt, the BS can
retransmit the erroneous data.

[0012] Uplink control signalling from the terminal to the base station may include hybrid-ARQ
acknowledgements for received downlink data; terminal reports related to the downlink channel
conditions, used as assistance for the downlink scheduling (also known as Channel Quality
Indicator (CQl)); and/or scheduling requests, indicating that a mobile terminal needs uplink
resources for uplink data transmissions.

[0013] If the mobile terminal has not been assigned an uplink resource for data transmission,
the L1/L2 (Layer 2 and/or Layer 2) control information (channel-status reports, hybrid-ARQ
acknowledgements, and scheduling requests) is transmitted in uplink resources (resource
blocks) specifically assigned for uplink L1/L2 control information on the physical uplink control
channel (PUCCH).

[0014] Different PUCCH formats are used for the different information, e.g., PUCCH Format
1a/1b are used for hybrid-ARQ feedback, PUCCH Format 2/2a/2b for reporting of channel
conditions, and PUCCH Format 1 for scheduling requests.

[0015] Next, a Physical Uplink Shared Channel (PUSCH) is described. Resources for PUSCH
are allocated on a sub-frame basis by the scheduler. To transmit data in the uplink, the mobile
terminal, such as the previously mentioned UE, has to be assigned an uplink resource for data
transmission on the Physical Uplink Shared Channel. A PUSCH resource assignment is shown
in Figure 4, in which the resources assigned to two different users are illustrated for one
subframe. The middle SC-symbol in each slot is used to transmit a reference symbol. If the
mobile terminal has been assigned an uplink resource for data transmission and at the same
time instance has control information to transmit, it will transmit the control information together
with the data on PUSCH.

[0016] In the following, the concept of carrier aggregation is explained. LTE release 8 has
recently been standardized, supporting bandwidth up to 20 MHz, for example comprising the
above-described subcarriers. However, in order to meet the IMT-advanced requirements,
3GPP has initiated work on LTE release 10. One of the key components of LTE release 10 is
the support of bandwidth beyond 20 MHz while ensuring backward compatibility with LTE
release 8. This should also include spectrum compatibility and implies that an LTE release 10
carrier, wider than 20 MHz, should be realized as a number of LTE carriers to an LTE release 8
terminal. Each such carrier can be referred to as a component carrier (CC). In particular, for
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early LTE release 10 deployments it can be expected that there will be a smaller number of
LTE release 10-capable terminal compared to many LTE legacy terminals. Therefore, it may
be necessary to assure an efficient use of a wide carrier also for legacy terminals, i.e. that it is
possible to implement carriers where legacy terminals can be scheduled in all parts of the
wideband LTE release 10 carrier. The straightforward way to obtain this would be by means of
carrier aggregation (CA). CA implies that an LTE release 10 terminal can receive multiple CCs
(component carriers), where the CCs have, or at least have the possibility to have, the same
structure as a release 8 carrier. CA is illustrated in Figure 5 having an aggregated bandwidth of
100 MHz realized by 5 component carriers.

[0017] The number of aggregated CCs as well as the bandwidth of the individual CC may be
different for uplink and downlink. A symmetric configuration refers to the case where the
number of CCs in downlink and uplink is the same whereas an asymmetric configuration refers
to the case that the number of CCs is different. It is important to note that the number of CCs
configured in a cell may be different from the number of CCs seen or used by a terminal. A
terminal may, for example, support more downlink CCs than uplink CCs, even though the cell is
configured with the same number of uplink and downlink CCs.

[0018] Next, uplink power control for PUSCH and PUCCH, described above, is explained.
Uplink power control is used both on the PUSCH and on the PUCCH. The purpose is to ensure
that the mobile terminal transmits with sufficiently high but not too high power since the later
would increase the interference to other users in the network. In both cases, a parameterized
open loop combined with a closed loop mechanism is used. Roughly, the open loop part is
used to set a point of operation, around which the closed loop component operates. Different
parameters (targets and partial compensation factors) for a user and control plane are used.
For more detailed description, it is referred to section 5.1.1.1 for PUSCH power control and
5.1.2.1 for PUCCH power control of 3GPP TS 36.213, Physical Layer Procedures, e.g. Version
9.3.0 of 2010-10-03 http://mww.3gpp.org/ftp/Specs/html-info/36213.htm.

[0019] To control the UEs uplink (UL) power, the eNB will use TPC (Transmission Power
Control) commands which will order the UE to change its transmission power either in an
accumulated or absolute fashion. In LTE release 10, the UL power control is managed per
component carrier. As in release 8/9 PUSCH and PUCCH power control is separate. In LTE
release 10 the PUCCH power control will only apply to the Primary Component Carrier (PCC)
since this is the only UL CC configured to carry PUCCH.

[0020] Since the TPC commands do not have any ACK/NACK, the eNB cannot be sure that the
commands are received by the UE, and since the UE can falsely decode the PDCCH (Physical
Downlink Control Channel) and think it received a TPC command, counting the used TPC
commands cannot be used to estimate a reliable current output power from the UE.
Additionally, the UE also compensates its power level autonomously (based on path loss
estimates), and this adjustment is not known to the eNB. For these two reasons the eNB needs
to receive PHRs (Power Headroom Reports) regularly in order to make competent scheduling
decisions and control the UE UL power.
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[0021] In the following, the power headroom reporting is explained. In LTE release 8, the base
station may configure the UE to send power headroom reports periodically or when the change
in path loss exceeds a certain configurable threshold. The power headroom reports indicate
how much transmission power the UE has left for a subframe |, i.e., the difference between the
nominal UE maximum transmit power and the estimated required power. The reported value is
in the range 40 to -23 dB, where a negative value shows that the UE did not have enough
power to conduct the transmission.

[0022] The eNB uses the reported power headroom (PH) as input to the scheduler. Based on
the available power headroom the scheduler will decide a suitable number of PRBs (Physical
Resource Blocks) and a good MCS (Modulation and Coding Scheme) as well as a suitable
transmit power adjustment (TPC command). In carrier aggregation, the eNB would make such
evaluation per UL CC since power is controlled per CC according to RAN1 decisions.

[0023] Since we have UL power control per CC and separate for PUSCH and PUCCH, this will
also be reflected in the power headroom reporting. For release 10 there will be two types of PH
reports:

e Type 1 power headroom report - computed as: P_cmax,c minus PUSCH power
(P_cmax,c - P_PUSCH)

« Type 2 power headroom report - computed as: P_cmax,c minus PUCCH power minus
PUSCH power (P_cmax,c - P_PUCCH - P_PUSCH)

[0024] The Secondary Component Carriers will always report Type 1 PHR since they are not
configured for PUCCH. The Primary Component Carrier would report both Type 1 and Type 2
PHR. Type 1 and Type 2 PHR must be reported in the same subframe.

[0025] Applying the release 8 framework for Power Headroom Reporting to Carrier
Aggregation would imply that a PHR for a specific component carrier is sent on that component
carrier itself. Furthermore, a PHR may only be transmitted on a component carrier if the
terminal has PUSCH resources granted on this CC.

[0026] In RAN2 (Radio Access Network 2), it is proposed to extend this framework so that PHR
for one component carrier can be transmitted on another component carrier. This enables to
report rapid path loss changes on one component carrier as soon as the terminal has PUSCH
resources granted on any configured UL component carrier. More specifically, a path loss
change by more than d/-PathlossChange dB on any component carrier triggers transmission of
a PHR on any (the same or another) component carrier for which the terminal has PUSCH
resources granted.

[0027] In addition to the PHR, there will be a Pcmax,c report per CC reporting the configured
transmission power of the UE, which is denoted Pcmax,c in 3GPP 36.213.
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[0028] The Pcmax,c report may either be included in the same MAC (Medium Access Control)
control element as the PH reported for the same CC, or it may be included in a different MAC
control element. Some details are specified in R1-105796 (3GPP Liaison Statement), but exact
formats and rules are not defined yet.

[0029] Power headroom will in release 10 be reported for all configured and activated CCs.
This means that some of the CCs reporting PH may not have a valid UL (uplink) grant in the
TTI (Transmission Time Interval) where power headroom is reported. They will then use a
reference format PUSCH and/or PUCCH to report a so-called virtual/reference format PH/PHR.
These reference formats are described in R1-105820 (3GPP Liaison Statement). This may be
useful since they may be scheduled and transmit in the future. In other words, for a so called
virtual transmission, the CC is activated but it is not transmitting, however might be scheduled
to transmit in the future.

[0030] Upon configuration, each CC is assigned a Cell Index which is unique for all CCs
configured for a specific UE. The SIB2 (System Information Block 2) linked UL and DL are
associated with the same Cell Index. The Cell Index can have a value 0 - 7. The Primary Cell
(PCell) is always assigned the value zero.

[0031] The reporting of one or more PHs relating to one or more CCs can be done using a PH
MAC control element, however, the format thereof is not defined. In particular, for reporting
power headrooms as well as transmission power information, such as Pcmax,c, extra
overhead may be generated leading to a waste of resources.

[0032] It is desirable to provide a vehicle, such as a control element, which allows efficient
reporting of power information as well as methods, user equipments, base stations, systems
and computer programs which allow to report or handle transmission power information, such
as Pcmax,c, efficiently.

[0033] The 3gpp drafts R2-105444 from Mediatek, R2-105341 from ZTE cooperation and R2-
106046 from TSG RAN WG1 pertain to ways of providing power information to a LTE network.

SUMMARY

[0034] Present invention pertains to devices and methods according to the subject matter of
the independent claims. Advantageous examples are described in the dependent claims.

[0035] In one example, a power headroom control element is provided for communicating
power information from a user equipment (UE) to a base station (BS) in a Radio Access
Network (RAN). The power headroom control element is structured to comprise a power
headroom field containing power headroom information. The power headroom field has a
predetermined number of bits, particularly at a predetermined location, in the power headroom
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control element. The power headroom control element is further structured to comprise an
indicator field associated with the power headroom field. The indicator field serves to indicate
whether a transmission power field with a predetermined number of bits is present in the power
headroom control element. Accordingly, the presence of a transmission power field may be
easily and efficiently reported without creating large overhead.

[0036] In one example, a method of communicating power information including a power
headroom from a UE to a BS in a RAN is provided. The method comprises the steps of
determining whether a transmission power field containing information about the transmission
power of the uplink serving cell associated with a power headroom is to be sent together with
the power headroom, and if it is determined that the transmission power field is to be sent,
adding a power headroom field with the power headroom value and the transmission power
field for transmission to a power headroom control element and setting an indicator to a
specific value to indicate that the transmission power field is included. Accordingly, a simple
method of communicating power information by a power headroom control element is
provided.

[0037] In one example, a method carried out by a BS in a RAN is provided for processing
received power information including a power headroom report of a received power headroom
control element from a UE. The method comprises the steps of determining whether a value in
an indicator field associated with a power headroom field of the received power headroom
control element is set to a specific value which indicates that a transmission power field
associated with the power headroom field is included in the power headroom control element,
and reading the transmission power field if the value of the indicator field is set to the specific
value. Accordingly, the power information included in a power headroom control element can
easily and quickly be evaluated.

[0038] In one example, a method of communicating a power headroom control element
including a power headroom from a UE to a BS in a RAN is provided, wherein the power
headroom control element is constructed in the above described way. Accordingly, power
information can be efficiently communicated.

[0039] In one example, a user equipment for communicating power information including a
power headroom to a BS in a RAN is provided. The UE comprises a processor configured to
determine whether a transmission power field containing information about the transmission
power of the uplink serving cell associated with the power headroom is to be sent together with
the power headroom, and to control adding a power headroom field with the power headroom
value and the transmission power field for transmission to a power headroom control element
and setting an indicator to a specific value to indicate that the transmission power field is
included, if it is determined that the transmission power field is to be sent. Accordingly, a UE is
provided which is able to efficiently communicate power information by controlling the structure
and information content of a power headroom control element.

[0040] In one example, a base station in a RAN is provided, which is configured to process
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received power information including a power headroom report of a received power headroom
control element from a UE. The base station comprises a processor configured to determine
whether a value in an indicator field associated with a power headroom field of the received
power headroom control element is set to a specific value which indicates that a transmission
power field associated with a power headroom field is included in the power headroom control
element, and to read the transmission power field if the value is set to the specific value.
Accordingly, power information received in a power headroom control element can be easily
and quickly evaluated.

[0041] In another example, a system for communicating power information is provided which
comprises the user equipment and base station described above.

[0042] In another example a memory is provided which stores the power headroom control
element constructed as described above. In another example, a computer program is provided
which includes instructions configured, when executed on a data processor, to cause the data
processor to execute one of the above described methods.

[0043] Further, advantageous examples of the invention are disclosed in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

Figure 1 illustrates a block diagram of an LTE RAN as known to the skilled person.

Figure 2A illustrates the structure of an LTE downlink physical resource.

Figure 2B illustrates radio frames and subframes in the time-domain in LTE.

Figure 3 illustrates a downlink subframe used in LTE.

Figure 4 illustrates a PUSCH resource assignment.

Figure 5 illustrates the concept of carrier aggregation.

Figure 6 illustrates an example of a power headroom control element using a bit map solution.

Figure 7 illustrates an example of a power headroom control element using an ordering
solution.

Figure 8 illustrates an example of a power headroom control element including two bitmaps.
Figure 9 illustrates a power headroom control element according to an example.

Figure 10 illustrates an exemplary power headroom control element according to an example.
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Figure 11 illustrates another exemplary power headroom control element using a bitmap
according to an example.

Figure 12 illustrates another exemplary power headroom control element including Type 1
power headroom reports according to an example.

Figure 13 illustrates an exemplary power headroom control element including Type 2 and Type
1 power headroom reports according to an example.

Figures 14A and 14B illustrating exemplary power headroom control elements when the power
headroom fields are not byte-aligned according to an example.

Figure 15 illustrates a table illustrating different settings of indicator bits and their meanings.

Figure 16 illustrates a flow diagram of a method of communicating power information
according to an example.

Figure 17 illustrates a method of communicating power information in more detail according to
an example.

Figure 18 illustrates a flow diagram of a method to be carried out by a base station for
processing received power information according to an example.

Figure 19 illustrates a user equipment for communicating power information according to an
example.

Figure 20 illustrates a system comprising a user terminal and a base station according to an
example.

DESCRIPTION OF THE EXAMPLES

[0045] The further examples of the invention are described with reference to the Figures. It is
noted that the following description contains examples only and should not be construed as
limiting the invention.

[0046] In the following, similar or same reference signs indicate similar or same elements,
units or operations.

[0047] Figures 6 to 14 illustrate power headroom control elements, which constitute, for
example, power headroom MAC control elements described above. The skilled person
understands that the control elements herein described are data elements used for conveying
information, particularly in an LTE RAN. In the following, the format of the power headroom
control elements will be described in more detail.
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[0048] A power headroom control element is, for example, used to convey power information
from a UE to a BS in a RAN, e.g. LTE RAN, and is described in 3GPP TS 36.321, e.g. version
9.3.0 of June 2010. For example, the power headroom control element 600 of Figure 6 is
structured to comprise an 8-bit bitmap 610 to indicate which component carriers or respective
uplink serving cells are reporting a power headroom report, which is a report including the
information about the power headroom, wherein the information about the power headroom,
e.g. specific values, can be included in a power headroom field. In detail, the bit fields 630 and
640 contain an R-bit each, i.e. a reserved bit, usually set to zero. The PH field 620 is the power
headroom field indicating the power headroom level. The length of this field is usually 6 bits. In
particular, the power headroom field 620 reports a Type 2 PHR in the power headroom control
element of Figure 6 and the PH fields below report Type 1 PHRs. If a Type 2 PHR is present or
not is dependent on configuration and does not need to be indicated. As can be seen from
Figure 6, the PH field is placed at a predetermined location in the power headroom control
element (PH CE), namely the PH field is at bit positions 3 to 8 within one octet of the power
headroom control element, which octet contains the power headroom for one specific CC.

[0049] Each bit of the 8-bit bitmap 610 corresponds to one cell index from 0 to 7, such as the
cell index of an uplink serving cell. In the example of Figure 6, the PH fields included in the
power headroom MAC CE are ordered based on the cell index in increasing order, i.e. the cell
indices 0 to 7 are assigned from left to right and the corresponding PH fields from the top to
the bottom. It is clear that the cell index could also be assigned from right to left, i.e. in
decreasing order when reading from left to right. The Type 2 PHR is included in the first PH
field in this example but may as well be also included in the last PH field.

[0050] In more detall, the bit value 1 in the bitmap corresponding to the cell index 0 (furthest to
the left in the bitmap) indicates that the primary cell (PCell) corresponding to the primary
component carrier reports a Type 2 PHR in the PH (Type 2) field 620 and a Type 1 PHR in the
PH (Type 1) field below field 620. The second bit value 1 at cell index 1 in the bitmap indicates
that the first secondary cell corresponding to the first secondary component carrier also reports
a Type 1 PHR and the bit value 1 at the fourth position (cell index 3) in the bitmap indicates
that the third secondary cell also reports a Type 1 PHR in the last PH field of the power
headroom control element in Figure 6. The bit values 0 for the remaining cell indices indicate
that either there is no CC configured with it or configured but currently deactivated. It will be
described with respect to Figures 14A and 14B that the location of the PH field with respect to
the 8-bit structure in Figure 6 may be chosen differently. However, the PH field should always
be placed at the same predetermined location in the control element, e.g. at a predetermined
position in the octet such as bit positions 3 to 8 described above, so that its information may be
found easily at the same location.

[0051] In the example of Figure 6 an 8-bit bitmap is used so that this solution of
communicating power information is called herein the bitmap solution.

[0052] A different solution, namely the ordering solution, is explained with respect to Figure 7.
As can be seen in Figure 7, a power headroom control element is illustrated not including an 8-
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bit bitmap. Since the power headroom report is reported for configured and activated CCs, it is
assumed that both the eNodeB and the UE know which CCs are activated at a given point in
time. If a Type 2 PHR is present or not is dependent on configuration and does not need to be
indicated. Hence, a bitmap is not necessarily needed and the Type 1 PHRs are ordered based
on cell index in decreasing or increasing order and the Type 2 power headroom report is either
included first or last if present. The example in Figure 7 shows a power headroom control
element having a Type 2 PHR in the first PH field and Type 1 PHRs for cells with an increasing
cell index.

[0053] Although the power information of the power headroom report can already be used as
input to the scheduler by the eNodeB, it is further desirable to report the transmission power of
the uplink serving cell or respective component carrier, such as Pcmax,c, together with the
power headroom report(s) in order to be useful for the eNodeB, i.e. the base station. One
example of transmission power per component carrier used for calculation of PH is known as
Pcmax,c in 3GPP TS 36.213. Pcmax,c is also known from 3GPP TS 36.101 as the configured
transmission power per component carrier. In this standard document, the UE is allowed to set
its configured maximum output power, Pcmax. The ",¢" is a notation to indicate that this is a
CC-specific Pcmax.

[0054] If Pcmax,c is reported for all CCs reporting PHRs, all the Pcmax,c reports may follow in
the same order as the PHRs according to either of the above solutions (bitmap solution or
ordering solution) or the corresponding Pcmax,c report could be included after each PHR.
Furthermore, they may also be included in their own power headroom MAC control element
and in the same order as the power headroom reports.

[0055] However, if only a subset of the CCs report Pcmax,c, since it may not be necessary for
CCs reporting power headroom reports using a so-called reference or virtual PUSCH or
PUCCH format, for example, the above solutions would not work, since the eNodeB would not
be able to know which CCs have a Pcmax,c report present or not.

[0056] This problem may be solved by including another 8-bit bitmap in the power headroom
control element, as shown in Figure 8, to indicate which Pcmax,c reports are present. The first
five lines including the bitmap of the power headroom control element of Figure 8 are identical
to the power headroom control element of Figure 6, described above.

[0057] Additionally, as seen in Figure 8, an extra octet is provided having a bitmap indicating
the cells and thus the component carriers that report transmission power, such as Pcmax,c. In
the example of Figure 8, the primary component carrier reports Pcmax,c for the Type 2 power
headroom report and a Pcmax,c for the Type 1 power headroom report of the primary
component carrier as well as a Pcmax,c for the Type 1 power headroom report of the cell with
cell index 3, i.e. third secondary cell. Accordingly, three Pcmax,c reports are reported with the
power headroom control element of Figure 8. Since the carrier component relating to cell index
1 reports a power headroom report but not a Pcmax,c report, this indicates that this
component carrier does not have a valid uplink grant in the transmission time interval where
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the power headroom report is reported and thus uses a reference PUSCH format to report a
so-called virtual/reference format power headroom report. However, by using the additional
bitmap, additional overhead is generated in the control element and thus more economical
solutions are desired.

[0058] Instead of using an additional bitmap to provide a link between the cell index and the
transmission power, e.g. Pcmax,c, according to some examples, the association between a
power headroom report and a CC may be reused to associate the Pcmax,c with a PHR instead
of using an extra identifier to associate it with a CC. Accordingly, transmission power, such as
Pcmax,c, may be reported more efficiently by associating the transmission power with a power
headroom report only when it needs to be reported. This will be described in more detail
below.

[0059] According to some examples, one or both of the R-bits in the octet, i.e. 8-bit-field,
including the PH, i.e. power headroom information, may be used to indicate if this PH, and thus
also the CC associated with this PH, has an associated transmission power report, e.g.
Pcmax,c report.

[0060] For example, Figure 9 illustrates a power headroom control element for communicating
power information from a UE to a BS, e.g. an eNodeB, which is structured to comprise a power
headroom field, namely the PH field 910. The PH field contains power headroom information,
i.e. information about the power headroom which is to be reported, and has a predetermined
number of bits at a predetermined location in the power headroom control element. As
indicated above, the PH field has a length of 6 bits and is located at the bit positions 3 to 8 in
an octet of the power headroom control element. In Figure 9, one of the R-bits, in particular the
second R-bit at the bit position 2 of the octet is used as an indicator field 920. The indicator
field has one bit in Figure 9 but it is also feasible that the indicator field may be extended to 2
bits, for example by including the R-bit at the bit position 1 of the octet. The indicator field 920
is associated with the PH field 910. In other words, since the indicator field 920 and the PH field
910 are in the same octet, a clear association between the fields is present.

[0061] The indicator field serves to indicate whether a transmission power field with a
predetermined number of bits is present in the power headroom control element. The power
headroom control element of Figure 9 illustrates a transmission power field, here in particular
the Pcmax,c field 930, which includes transmission power information, e.g. a Pcmax,c report.
Similar to the PH field 910, also the transmission power field 930 may have a predetermined
number of bits at a predetermined location, such as 6 bits at bit positions 3 to 8 in an octet of a
power headroom control element. The two R-bits of the octet in which the transmission power
field is located may remain unused.

[0062] The control element of Figure 9 comprises an indicator field, a PH field and a
transmission power field which is placed below the PH field, wherein the indicator field is placed
in the same octet as the PH field and serves to indicate the presence of the transmission
power field. In detail, the bits of the power headroom field and the associated indicator field
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form part of an octet of the power headroom control element and the bits of the transmission
power field form part of an octet of the power headroom control element. Therefore, the
transmission power field 930 is similarly to the PH field 910 associated with the same cell index
as the PH field 910 due to the indicator field 920 being in the same octet as the PH field and
indicating the presence of the transmission power field below (afterwards).

[0063] As explained above, the PH field 910 contains the power headroom information and is
associated with an uplink serving cell. If the above mentioned ordering solution is used, a
bitmap for indicating the associated cell index is not necessary so that the PH field 910, as the
first PH field in the power headroom control element, is associated with the primary cell having
the cell index 0. If the above mentioned bitmap solution is used, a bitmap may be included
before the PH field indicating with which cell index the PH field is associated with. In the
example of Figure 9, a possible bitmap could be the bit value 1 for cell index 0 and the bit
value 0 for the other cell indices 1 to 7.

[0064] In the previous discussion, the bit value 1 in a bitmap indicated that a PHR was present
for the cell corresponding to the cell index. However, it is clear that the same indication may be
achieved if the bit value 0 is defined as the bit value for which the corresponding cell has a
PHR and the bit value 1 indicates that the corresponding cell has no power headroom report.

[0065] As can be seen in Figures 9 to 14, the PH field precedes the associated transmission
power field in the power headroom control element. Particularly, the octet comprising the PH
field precedes the octet comprising the associated transmission power field. Accordingly, the
power headroom control element first conveys power headroom information in the PH field and
then transmission power information in the transmission power field. In detail, the transmission
power field contains information about the transmission power of the uplink serving cell or
component carrier, e.g. Pcmax,c, which is associated with the preceding power headroom
information.

[0066] As explained above, the at least one bit of the indicator field may indicate that a
Pcmax,c report, i.e. a report about the transmission power of the uplink serving cell or
associated component carrier, is present. In addition, the indicator field may also at the same
time indicate whether this PH is of so-called virtual or reference format.

[0067] In detail, if a so-called virtual/reference format power headroom report is to be sent for
a cell with a specific cell index, it is not necessary for the component carrier to report
transmission power, such as Pcmax,c. In this case the CC is active but not transmitting, and for
calculation of PH a so-called virtual transmission is used. Accordingly, an indicator, i.e. a bit
value set in an indicator field, for example, a value indicating the presence of a so-called virtual
or reference format power headroom report, may also be used to indicate whether a Pcmax,c
report is transmitted or not. For example, if a virtual/reference format power headroom report
is used and indicated, there will be no Pcmax,c report (transmission power report) for this CC
reported in this TTI. Furthermore, in other examples, one of the R-bits of MAC subheader may
be used to indicate that all power headroom reports reported in the specific TTI are associated
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with the same Pcmax,c report, at least for Type 1 reports.

[0068] According to the above, the transmission power reports, e.g. Pcmax,c reports, can be
identified by reusing existing bits instead of adding an extra unnecessary identifier, such as an
additional bitmap. In the above mentioned bitmap solution and ordering solution, and also for
other possible solutions not mentioned here, the eNodeB will know which power headroom
report is associated with which CC. Taking advantage of this fact, it is possible to associate the
transmission power report to a specific PHR, i.e. the PHR already associated with the CC which
the transmission power report is thus also associated with, rather than adding another
identifier, such as the above mentioned additional bitmap. In other words, it is realized that the
association between transmission power, power headroom and CC (Pcmax,c -> PHR -> CC) is
possible and it is realized that one of the R-bits available in each octet containing a PH field
(since the PH field itself is only 6 bits) can be used to indicate if the PHR, and hence also the
CC associated with this PHR, has an associated transmission power, such as Pcmax,c, which
is also reported in this TTI.

[0069] Based on this information, the eNodeB will know how many transmission power reports
to expect and for which CCs. The transmission power reports, such as the Pcmax,c reports,
can be included either directly after each associated PH field, particularly after each octet
including the PH field, or all transmission power reports can be included in cell index order after
all the PH fields. It is also possible that all transmission power reports are included in their own
control element but the presence of each transmission power report may still be indicated
using the R-bit of the octet of the PH associated with the same CC.

[0070] Furthermore, as described above, if it is agreed that Pcmax,c is always to be reported
except for CCs reporting power headroom using the virtual/reference PUSCH and/or PUCCH
format, the information provided to the eNodeB via this R-bit regarding whether Pcmax,c report
is provided can also be used by the eNodeB to know whether the specific power headroom is
based on a virtual/reference format transmission (when a PH is reported without Pcmax,c) or
an actual transmission (when a PH is reported with a Pcmax,c).

[0071] In the following, power headroom control elements of different formats are described
with respect to Figures 10 to 14 using the above mentioned ordering solution, bitmap solution
and a combination of the ordering and bitmap solutions.

[0072] Figure 10 illustrates an example in which the associated Pcmax,c reports are added to
the same power headroom control element after the PH fields using one of the R-bits in the
octets of the PH fields to indicate the presence of Pcmax,c reports. In this example, the octets
with the PH fields are stacked according to the cell index with the PH associated with the
primary cell (PCell, cell index=0) at the top including the Type 2 PH and Type 1 PH, and the
Secondary Cells (SCells) following starting with the SCell of the lowest cell index.

[0073] In detall, the Type 2 and Type 1 PHs of the primary cell are shown in the first two
entries and the Type 1 power headroom report of the first secondary cell and Type 1 power
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headroom report of the second secondary cell are shown from the top to the bottom. The
rightmost (alternatively the leftmost) R-bit in the octet which also includes the power headroom
information, is used to indicate if for this PH, i.e., the CC associated with this power headroom
report, a Pcmax,c report is also included. In this example, setting the bit to "1" indicates that a
Pcmax,c report is to be expected, but in the same way, the value "0" could indicate this in
another example. In other words, the meaning of the bit value "1" could be changed to the
meaning of the bit value "0" and vice versa.

[0074] The Pcmax,c reports are then stacked after the power headroom reports starting with a
Pcmax,c report associated with the PHR associated with the CC of the lowest cell index and
then the rest follows in consecutive order. In the example of Figure 10, the Pcmax,c report
1020 is associated with the Type 1 power headroom report 1010 of the PH field associated
with the PCell and the second Pcmax,c report 1040 is associated with the Type 1 power
headroom report 1030 of the PH field associated with the second SCell.

[0075] The size of the field carrying the Pcmax,c report can be in the range from 5 to 8 bits,
and is not significant as the R-bits used are only in the octets of the power headroom reports.
Further, if the indicator field is constructed from only one R-bit, the PH field may even be
extended to 7 bits.

[0076] Similar to the power headroom control element of Figure 9, also the power headroom
control element of Figure 10 has a format, in which the bits of the power headroom field and
the associated indicator field form part of an octet or full octet of the power headroom control
element (PH field comprises 6 bits and indicator field 1 or 2 bits), and/or the bits of the
transmission power field, e.g. including the Pcmax,c report or other transmission power report,
form part of an octet of the same power headroom control element.

[0077] In the following, another example of a power headroom control element is described
with respect to Figure 11, in which a similar format as discussed with respect to Figure 9 and
10 is used, however using the above described bitmap solution.

[0078] In detail, the power headroom control element of Figure 11 comprises a bitmap to
indicate which uplink serving cell reports power headroom information as part of this power
headroom control element.

[0079] In Figure 11 the sequence of PH fields is the same as described previously with respect
to Figure 6 and the same cell indices are used. In Figure 11, the bit values "1" in the bitmap
indicate that power headroom reports for the primary cell, the first secondary cell and the third
secondary cell are included. Further, as described previously with respect to Figure 10, some
of the R-bits are used as indicators having an indicator field and a specific value. In detail, the
rightmost R-bits of the octets including the PH fields are used to indicate for which power
headroom reports a transmission power report, such as a Pcmax,c report, is included.
Specifically, it is indicated in Figure 11 that for the Type 1 power headroom report associated
with cell index 0 and the Type 1 power headroom report associated with the cell index 3, a
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transmission power report is included, which is shown by Pcmax,c in Figure 11, wherein the
first Pcmax,c report at the top is associated with the Type 1 PH field belonging to cell index 0
and thus associated with the primary cell and the second Pcmax,c report is associated with the
Type 1 power headroom report belonging to the cell index 3 and thus the third SCell.

[0080] Figures 12 and 13 illustrate power headroom control elements similar to the one of
Figure 11 also comprising a bitmap. The octet containing the Type 2 PH field in Figure 13 and
the Type 1 PH field in Figure 12 is provided at the top, after the MAC subheader of a PH MAC
control element and after the bitmap, which is followed by an octet containing the associated
transmission power if reported in a non-virtual format. Then octets are followed in an
ascending order based on the cell index, wherein an octet with a PH field is followed by an
octet with the associated transmission power field for each activated serving cell indicated by
the bits in the bitmap. As mentioned above, a bit value of "1" in a bit field of the bitmap
indicates that a PH field for the cell corresponding to the cell index of the bit field is reported. If
the bit value is "0" a PH field is not reported. In Figures 12 and 13, only 7 bits of the bitmap are
used to indicate the cell index and thus whether a report is associated with a primary cell or the
secondary cells and the eighth bit of the bitmap is a reserved bit, R-bit. As already mentioned
above, the cell index is provided in increasing order from the left to the right in Figures 6, 8, 11,
12 and 13 but in the same way, the cell index may also increase from the right to the left which
merely is dependent on a predefined rule.

[0081] In contrast to the power headroom control element of Figure 11, in which all power
headroom fields are first included in the data element from the top to the bottom and then the
associated transmission power fields are included, in Figures 12 and 13 the transmission
power field is always included directly in the following octet after the corresponding PH field.

[0082] In more detalil, in the example shown in Figure 12, in which the power headroom control
element only includes Type 1 PHRs, when Type 2 PHRs are not reported, the specific value of
"1" in the indicator field of the indicator in the first octet indicates that a transmission power field
is included in the next octet, wherein the transmission power field contains information about
the transmission power of the uplink serving cell, such as Pcmax,c. After reporting the
Pcmax,c, the next octet again comprises a PH field, such as the PH field shown in Figure 12
containing the Type 1 PHR of the first secondary cell with a cell index 1. Since this octet again
comprises an indicator field with a bit value of "1", the following octet will again comprise a
transmission power field including, for example, a Pcmax,c report.

[0083] The power headroom control element of Figure 13 is basically the same as in Figure 12
merely that also a Type 2 PHR and an associated transmission power are reported for the
primary cell in the two topmost octets. Here, Pcmax,c1 is associated with the Type 2 PHR,
Pcmax,c2 is associated with the first Type 1 PHR and Pcmax,c3 is associated with the second
Type 1 PHR.

[0084] In the examples shown in Figures 12 and 13, the values "1" of the indicator indicate that
all power headroom reports are non-virtual PHRs. However, as mentioned above, if a virtual
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PHR is to be sent and Pcmax,c is not to be reported, as this Pcmax,c value can anyway be
calculated by the eNodeB, the bit value in the indicator field may indicate that a power
headroom is virtual, e.g. the bit value of "0" and that Pcmax,c will not be unnecessarily
signalled for power headrooms based on a reference format or virtual format. Accordingly, the
power headroom control element enables to send virtual power headroom reports for
component carriers which have not granted transmission by the scheduler of the eNodeB.

[0085] As shown in Figures 9 to 13, for both Type 1 and Type 2 power headroom reports, an
indicator field with a bit value=1 indicates the presence of an associated transmission power
field, here the so called Pcmax,c field, and a bit value=0 indicates that the associated
transmission power field is omitted. Alternatively, as described above, an indicator field with a
bit value=0 may indicate the presence of the associated transmission power field and a bit
value=1 may indicate that the associated transmission power field (Pmax,c field) is omitted.

[0086] In another example, explained with respect to Figures 14a and 14b, the power
headroom reports are not byte aligned. For example, there may be one indicator bit in the
indicator field after (or before) each power headroom report, indicating either that a Pcmax,c is
transmitted or not. If transmitted, it could either follow next or follow in the end or is transmitted
in a separate control element.

[0087] In the above described examples, the R-bits which are used as indicator bits, may be
also used to indicate whether the power headroom report is based on a virtual/reference
PUSCH and/or PUCCH format. If it is desired to not report Pcmax,c associated to a power
headroom report using a reference format for either PUSCH, PUCCH or both, this indicator can
be used by the eNodeB to also derive the information whether a Pcmax,c report should be
expected in this TTI or not.

[0088] In the following, some particularities of the PCell PHR are described, which is comprised
by Type 1 and Type 2. Depending if none, one, or both PHRs are based on a virtual/reference
format and also if Type 1 and Type 2 are based on different Pcmax,c, the number of included
Pcmax,c fields for the PCell may vary. The table in Figure 15 lists combinations formed by the
indicator R-bits of Type 1 and Type 2 PHR octets and if a Pcmax,c is included or not (in this
table a "0" indicates a reference format, but the opposite would be of course possible as well).

[0089] For example, as can be taken from the first line of the table, if the value of the bit of the
indicator included in the same octet as the Type 1 PHR (first bit) is "0" and the value of the bit
of the indicator included in the same octet as the Type 2 PHR (second bit) is "0", neither Type
1 nor Type 2 PHR is based on a non-virtual (real) transmission, i.e. in this TTI neither a
PUSCH nor a PUCCH transmission takes place on a PCell. No Pcmax,c needs to be reported.

[0090] If the first bit value is "0" and the second bit value "1" as indicated in second line of
Figure 15, the Type 1 PHR is based on a virtual/reference PUSCH format and the Type 2 PHR
is based on a real (non-virtual) PUCCH and virtual/reference PUSCH format. Pcmax,c for Type
2 PHR accounting for PUCCH transmission is transmitted.
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[0091] If the first bit value is "1" and the second bit value "0", the Type 1 PHR is based on a
real PUSCH format and the Type 2 PHR is based on a virtual/reference PUCCH and real
PUSCH format. Pcmax,c for Type 1 PHR accounting for PUSCH transmission is reported and
Pcmax,c associated with the Type 2 PHR may only be reported if needed.

[0092] If the first bit value is "1" and the second bit value "1", both Type 1 and Type 2 PHR are
based on real transmissions. Pcmax,c for Type 1 (PUSCH only) and Type 2 (PUSCH and
PUCCH) needs to be reported. Depending on UE implementation/standardization one or
potentially two Pcmax,c need to be reported for the same CC.

[0093] In additional examples, all Pcmax,c values - at least for Type 1 PHRs - associated with
the PHRs/CCs in this TTI may have the same value. Then, one R-bit of the MAC subheader
may (or any other indicator in the MAC subheader or in the MAC control element itself) be
used to indicate that all PHRs reported in this PHR MAC control element should be associated
with the same Pcmax,c report. The Pcmax,c report could either be included in the same MAC
control element or in separate MAC control element. These additional examples may be
combined with the examples discussed in detail above, to use indicators to indicate which PHR
should not have a Pcmax,c associated with it in the specific TTI| and report.

[0094] According to the above examples, it is possible to not report Pcmax,c for all CCs which
PH is reported for, i.e. only some Pcmax,c are reported. This may be useful in the case when a
virtual format is used for the PH and the eNodeB already has knowledge of the information
contained in the Pcmax,c report and will thus not need to receive it. Furthermore, in the
examples described with respect to Figures 9 to 14, additional octets for identifying
transmission power reports, such as Pcmax,c reports, may not be required and existing
reserved bits may be used for identification thereof. Even if a PHR MAC control element
solution which is not byte aligned is considered, as shown in Figures 14a and 14b, only one
extra bit per reported PH may be required.

[0095] Furthermore, if transmission power, such as Pcmax,c, is always to be reported except
for CCs reporting PH using the virtual/reference PUSCH and/or PUCCH format, the information
provided to the eNodeB via this R-bit regarding a transmission power report, such as a
Pcmax,c report, can also be used by the eNodeB to know if the specific PH is based on a
virtual/reference format transmission or on an actual transmission. Since examples may work
the other way round too (if the presence of a Pcmax,c report is indicated according to one of
the examples and its presence is dependent on a non-virtual/non-reference format PH), two
types of information could be obtained from the same indicator bit.

[0096] In the following, flow charts illustrating operations according to some examples are
described.

[0097] The flow chart shown in Figure 16, describes operations of communicating power
information including a power headroom report from a UE to a BS, e.g. eNodeB.
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[0098] In the first step 1610, it is determined whether a transmission power field associated
with a PH is to be sent. In more detail, it is determined whether a transmission power field
containing information about the transmission power of the associated uplink serving cell, such
as the power Pcmax,c, associated with a PH is to be sent together with the PH.

[0099] If it is determined in step 1610 in Figure 16 that a transmission power field is not to be
sent, the process flow ends. However, if it is determined in step 1610 that a transmission
power field, such as a field including a Pcmax,c report, is to sent, for example if the associated
power headroom report is based on actual transmission, the PH field and the transmission
power field are added for transmission to a power headroom control element in step 1640.
Accordingly, a PH control element including a PH field and a transmission power field similar to
the one of Figure 9 is provided.

[0100] In step 1660, an indicator is set to a specific value to indicate that an octet containing
the transmission power field is included in the PH MAC control element. In more detail, the
indicator is comprised of an indicator field having included therein a bit with a specific value.
For example, if the specific value of the bit is 1, it is indicated that the transmission power is
reported in the transmission power field, i.e. a Pcmax,c report is included.

[0101] In one example, the determining step 1610 is carried out if it is previously determined
that a PHR was triggered. In other words, if it is decided that for a specific serving cell a PH is
to be reported, it has to be checked whether the PH is of virtual or real format and based
thereon a transmission power field is included or not included in the PH control element.
Accordingly, whether a transmission power field is to be sent is based on whether the cell has
an uplink grant valid for transmission in this TTI, i.e. a non-virtual or actual transmission.

[0102] If it is determined that the transmission power field is not be sent, for example if the
associated PH is of virtual format, the PH, i.e. the virtual PH, is added to a power headroom
control element and the indicator is set to another specific value to indicate that the
transmission power field is not included. If the previously described specific value of step 1660
is taken to be "1", the other specific value is then taken to be "0".

[0103] Similarly, if it is determined that the PH is to be prepared based on a virtual
transmission, i.e. in the case of a virtual PH, the indicator is set to the other specific value to
indicate that an associated transmission power field is not included in the PHR.

[0104] The flow diagram of Figure 17 describes the above explained steps in a more detailed
order showing an example of how the indicator is set for the SCells. For the PCells it is possible
that two PHRs are triggered, each associated with its own Pcmax,c report which may be
illustrated similarly.

[0105] In step 1720 at least one PHR has been triggered and is to be prepared for
transmission in this transmission time interval (TT]I).
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[0106] Then the following steps will be performed for each SCell. In step 1740, it is checked
whether the serving SCell has a PHR triggered. If this SCell has a PHR triggered, the flow
proceeds to step 1760, wherein it is checked whether a associated Pcmax,c report is to be
sent with this PHR.

[0107] If no Pcmax,c report is to be sent, for example, because the associated PH is of virtual
format, the flow proceeds to step 1790, in which the PH is added to the PH MAC control
element and the indicator is set to "0".

[0108] If it is determined in step 1760 that a Pcmax,c report which is associated with this PH, is
to be sent, for example, if the PH is based on a real transmission, the flow proceeds to step
1780, in which the PH, in particular the PH field, is added to the PH MAC control element and
an indicator is set to "1". Furthermore, the Pcmax,c report is added for transmission in this TTI.

[0109] According to the flow charts of Figures 16 and 17, if the specific value of the indicator in
the indicator field is "1", the presence of a Pcmax,c field associated with a PH is indicated and if
the value of the indicator in the indicator field is another specific value, here "0", it is indicated
that the Pcmax,c field is omitted. This determination is independent on the type of the PH and
thus may be performed for Type 1 and Type 2 PHs. Alternatively, the specific value "0" may
indicate that a Pcmax,c report is to be expected and another specific value "1" may indicate
that a Pcmax,c report is not to be expected.

[0110] For example, the operations described with respect to Figures 16 and 17 may be
carried out in a user terminal (UT), such as a user equipment (UE), and specifically by means
specifically adapted or configured to carry out these steps, such as a processor which will be
described in more detail with respect to Figure 19. After the UE forwards the power information
including one or more PHs and one or more transmission power reports associated with the
PHs, the power headroom control element carrying the power information is received at a base
station. The base station receives the power information and processes the power information
as described in more detail with respect to Figure 18.

[0111] Once the BS receives a PH control element from the UE including power information,
the BS determines in step 1820 whether a value in an indicator field of the received PH control
element is set to a specific value which indicates that a transmission power field associated
with a PH field is included in the PH control element. For example, if the specific value is "1" as
discussed with respect to Figure 17, this indicates that the transmission power field and thus
transmission power information, such as a Pcmax,c report, is included in the power headroom
control element.

[0112] Then, the BS reads out the transmission power field in step 1840, if the value of the
indicator field is set to the specific value "1" and so the BS obtains transmission power

information.

[0113] If it is determined that the value of the indicator field is set to another specific value,
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such as "0", the BS understands that the specific PH was prepared based on a virtual
transmission and that an associated transmission power field is not included. Accordingly, a
following octet in the power headroom control element will not be interpreted as a transmission
power field. Therefore, it is possible to provide a BS with clear instructions how to interpret the
information sent in a power headroom control element. As a result, it is possible to report and
handle transmission power information, such as Pcmax,c, efficiently.

[0114] In the above described examples, a power headroom control element is communicated,
i.e. sent, from a UE to a BS in a RAN, wherein this power headroom control element includes
one or more PH fields and zero or more Pcmax,c fields, and is structured as described above.

[0115] In the above described examples and examples it has been shown that it is possible to
reuse the association between a PH value and a CC to associate the Pcmax,c with a PH
instead of using an extra identifier to associate it with a CC.

[0116] This is achieved, for example, by using one of the R-bits in the octet including the PH of
the power headroom control element to indicate if this PH, and thus also the CC associated
with this PH, has an associated Pcmax,c report.

[0117] As the primary cell may have one or two PHs reported, as shown in Figures 6 to 14,
which could potentially be based on different Pcmax,c values, the presence of one or two
Pcmax,c reports could be decided based on a combination of the R-bits used for indication.

[0118] Further, it has been shown that an existing indicator may be used, for example one
indicating that a so-called virtual or reference format PH is sent, to know whether a Pcmax,c
report is transmitted or not. In this example, if a virtual/reference format PH is indicated, there
will be no Pcmax,c report for this CC reported in this TTI. Further, one of the R-bits of the MAC
subheader may be used to indicate that all PHRs reported in the specific TTI| are associated
with the same Pcmax,c report, at least for Type 1 reports, for example.

[0119] As a result, using the above described indicator, it is possible to find out that a PH is
calculated using a virtual format and that a Pcmax,c is not sent, which can easily be indicated
using one specific bit position telling whether Pcmax,c is there or not there in the power
headroom control element.

[0120] As discussed above, a user terminal (UT), referred to by way of example as user
equipment or UE above, may communicate with a BS, referred to by way of example as an
eNodeB above, using an Uplink (UL) for wireless radio transmissions from the UT to BS and
using a Downlink (DL) for wireless radio transmissions from BS to UT as shown in Figure 20
below.

[0121] As shown in Figure 19 and Figure 20, the user terminal UT, e.g. user equipment 1900,
may include a processor 1920 in Figure 19 or processor UTPR in Figure 20. The processor
may be coupled to a transceiver 1960 in Figure 19 or transceiver UTXCVR in Figure 20.
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Further, the processor is also connected preferably to a memory 1940.

[0122] The processor 1920 of the user equipment 1900 is, for example, configured to
determine whether a transmission power field containing information about the transmission
power of an uplink serving cell, e.g. Pcmax,c, associated with a power headroom is to be
reported together with the power headroom. The processor is, for example, further configured
to control adding the power headroom field and the transmission power field for transmission
to a power headroom control element and setting an indicator to a specific value to indicate
that the transmission power field is included, if it is determined that the transmission power field
is to be sent. The details regarding the PH field(s) of the PHR, transmission power field(s)
including transmission power information and the indicator field(s) have been described above
and are also applicable here.

[0123] The memory 1940, may be a memory storing one of the above described power
headroom control elements.

[0124] The transceiver 1960 or similarly the transceiver UTXCVR of Figure 20 is adapted to
transmit and receive communications, e.g. including the above described control elements.

[0125] In the following, the system shown in Figure 20 is described in more detail. The system
of Figure 20 comprises a user terminal (UT) and a base station (BS). The processor UTPR of
the UT may be configured to prepare power headroom report and/or Pcmax,c report
communications for transmission as discussed above. Similarly, the BS may include a
processor BSPR coupled to the transceiver BSTXCVR, and the processor BSPR may be
configured to process received power headroom report and/or Pcmax,c report communications
as discussed above.

[0126] In more detail, the BS may be configured to process received power information
including a power headroom report of a received power headroom control element. The base
station processor may be configured to determine whether a value in an indicator field of the
received power headroom control element is set to a specific value which indicates that a
transmission power field associated with a specific power headroom is included in the power
headroom control element, and to read the transmission power field if the value is set to the
specific value. Details of this operation have been described above.

[0127] In summary, according to the above, it possible to not report transmission power, e.g.
Pcmax,c, for all CCs for which PH is reported for. This may be useful in the case when virtual
format PH is reported and the BS, e.g. eNodeB, already has knowledge of the information
contained in the associated Pcmax,c report and will thus not need to receive it.

[0128] Further, according to examples of the invention, it is not required to transmit any
additional octets for identifying the Pcmax,c reports but existing reserved bits can be used.
Even if a PH MAC CE solution which is not byte aligned is applied, only one extra bit per PH is
required.
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[0129] Furthermore, if Pcmax,c is to be reported except for CCs reporting PH using the
virtual/reference PUSCH and/or PUCCH format, the information provided to the eNodeB via
this R-bit regarding whether a Pcmax,c report is provided can also be used by the eNodeB to
know if the specific PH is based on a virtual/reference format transmission or an actual
transmission. Since examples of the invention would work the other way around too (if the
presence of a Pcmax,c report is indicated according to one of the examples and its presence is
dependent on a non-virtual/non-reference format PH) there are gains from getting two types of
information from the same indicator bit.

[0130] While communications according to the LTE standard are mostly discussed by way of
example, communications may be provided according to other wireless communications
standards such as Advanced Mobile Phone Service (AMPS), ANSI-136, Global Standard for
Mobile (GSM) communication, General Packet Radio Service (GPRS), enhanced data rates for
GSM evolution (EDGE), DCS, PDC, PCS, code division multiple access (CDMA), wideband-
CDMA, CDMA2000, and/or Universal Mobile Telecommunications System (UMTS) frequency
bands. Moreover, user terminals/equipment according to examples of the present invention
may, for example, be any wireless ("mobile") communication terminals ("wireless terminals" or
"terminals”) that are configured to carry out cellular communications (e.g., cellular voice and/or
data communications) using multiple component carriers.

[0131] Various examples have been described fully herein with reference to the accompanying
figures, in which various examples are shown. This invention may, however, be embodied in
many alternate forms and should not be construed as limited to the examples set forth herein.
The invention is defined by the claims.

[0132] Accordingly, while the invention is susceptible to various modifications and alternative
forms, specific examples thereof are shown by way of example in the drawings and were
described in detail herein. Like numbers refer to like elements throughout the description of the
figures.

[0133] The terminology used herein is for the purpose of describing particular examples only
and is not intended to be limiting the invention. As used herein, the singular forms 'a’, "an" and
"the" are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms "comprises,” "comprising," "includes,"
including," "have," "having" or variants thereof when used herein, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. Moreover, when an element is referred to as being
"responsive” or "connected" to another element or variants thereof, it can be directly
responsive or connected to the other element, or intervening elements may be present. In
contrast, when an element is referred to as being "directly responsive" or "directly connected"
to another element or variants thereof, there are no intervening elements present, As used
herein the term "and/or" includes any and all combinations of one or more of the associated
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listed items and may be abbreviated as "/". It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements, these elements should not be
limited by these terms. These terms are only used to distinguish one element from another.
For example, a first element could be termed a second element, and, similarly, a second
element could be termed a first element without departing from the teachings of the disclosure.
Moreover, although some of the diagrams include arrows on communication paths to show a
primary direction of communication, it is to be understood that communication may occur in the
opposite direction to the depicted arrows.

[0134] Entities according to different examples of the invention, including equipments and
stations as well as devices, apparatuses and systems including processors and/or memories
may comprise or store computer programs including instructions such that, when the computer
programs are executed steps and operations according to examples of the invention are
carried out, i.e. cause data processing means to carry out the operations. In particular,
examples of the invention also relate to computer programs for carrying out the operations
according to the examples of the invention, and to any computer-readable medium storing the
computer programs for carrying out the above mentioned methods.

[0135] Similarly to specifically configured processors, different specific units may be used to
carry out the functions of the above described equipments and stations or systems. Further,
the functions may be distributed in different software or hardware components or devices for
bringing about the intended function. A plurality of distinct units may also be gathered for
providing the intended functionalities. The functions may also be implemented in hardware,
software, field-programmable gate array (FPGA), application specific integrated circuit (ASIC),
firmware or the like.

[0136] Exemplary examples are described herein with reference to block diagrams and/or
flowchart illustrations of computer-implemented methods, apparatus (systems and/or devices)
and/or computer program products. It is understood that a block of the block diagrams and/or
flowchart illustrations, and combinations of blocks in the block diagrams and/or flowchart
illustrations, can be implemented by computer program instructions that are performed by one
or more computer circuits. These computer program instructions may be provided to a
processor circuit or a general purpose computer circuit, special purpose computer circuit,
and/or other programmable data processing circuit to produce a machine, such that the
instructions, which are executed via the processor of the computer and/or other programmable
data processing apparatus, transform and control transistors, values stored in memory
locations, and other hardware components within such circuitry to implement the functions/acts
specified in the block diagrams and/or flowchart block or blocks, and thereby create means
(functionality) and/or structure for implementing the functions/acts specified in the block
diagrams and/or flowchart block(s).

[0137] These computer program instructions may also be stored in a computer-readable
medium that can direct a computer or other programmable data processing apparatus to
function in a particular manner, such that the instructions stored in the computer-readable
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medium produce an article of manufacture including instructions which implement the
functions/acts specified in the block diagrams and/or flowchart block or blocks.

[0138] A tangible, non-transitory computer-readable medium may include an electronic,
magnetic, optical, electromagnetic, or semiconductor data storage system, apparatus, or
device. More specific examples of the computer-readable medium would include the following:
a portable computer diskette, a random access memory (RAM) circuit, a read-only memory
(ROM) circuit, an erasable programmable read-only memory (EPROM or Flash memory)
circuit, a portable compact disc read-only memory (CDROM), and a portable digital video disc
read-only memory (DVD/BlueRay).

[0139] The computer program instructions may also be loaded onto a computer and/or other
programmable data processing apparatus to cause a series of operational steps to be
performed on the computer and/or other programmable apparatus to produce a computer-
implemented process such that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the functions/acts specified in the
block diagrams and/or flowchart block or blocks.

[0140] Accordingly, the present invention may be embodied in hardware and/or in software
(including firmware, resident software, micro-code, etc.) that runs on a processor such as a
digital signal processor, which may collectively be referred to as "circuitry”, a "module” or
variants thereof.

[0141] It should also be noted that in some alternate implementations, the functions/acts noted
in the blocks may occur out of the order noted in the flowcharts. For example, two blocks
shown in succession may in fact be executed substantially concurrently or the blocks may
sometimes be executed in the reverse order, depending upon the functionality/acts involved.
Moreover, the functionality of a given block of the flowcharts and/or block diagrams may be
separated into multiple blocks and/or the functionality of two or more blocks of the flowcharts
and/or block diagrams may be at least partially integrated. Finally, other blocks may be
added/inserted between the blocks that are illustrated.

[0142] Many different examples have been disclosed herein, in connection with the above
description and the drawings. It will be understood that it would be unduly repetitious and
obfuscating to literally describe and illustrate every combination and subcombination of these
examples. Accordingly, the present specification, including the drawings, shall be construed to
constitute a complete written description of all combinations and subcombinations of the
examples described herein, and of the manner and process of making and using them, and
shall support claims to any such combination or subcombination.

[0143] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having a meaning that is consistent with
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their meaning in the context of the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0144] In the specification, there have been disclosed examples of the invention and, although
specific terms are employed, they are used in a generic and descriptive sense only and not for
purposes of limitation.

[0145] Other implementations of the invention will be apparent to those skilled in the art from
consideration of the specification and practise of the invention disclosed herein. It is intended
that the specification and the examples be considered as exemplary only.

[0146] The invention is defined by the claims.
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Patentkrav

1. Brugerindretning, UE, til at kommunikere en power headroom-rapport af en
type, der vedrgrer en Physical Uplink Shared Channel, PUSCH, eller af en
type, der vedrerer en Physical Uplink Control Channel, PUCCH, herunder et
power headroom til en basisstation i et RAN, Radio Access Network, hvilken
UE omfatter en processor (1960), der er konfigureret til at bestemme, om et
transmissionseffekifelt indeholdende information om transmissionseffekten af
en uplink-betjenende celle (Pcmax,c), der er forbundet med naevnte power
headroom, skal sendes sammen med naevnte power headroom; og

til at styre tilfgjelse af et power headroom-felt (920) med neevnte power
headroom og transmissionseffekifeltet (930) til et power headroom-styreele-
ment og indstilling af en indikator (920) til en specifik vaerdi for at angive, at
transmissionseffektfeltet (930) er indbefattet, nar det bestemmes, at transmis-
sionseffektfeltet (930) skal sendes.

2. Brugerindretning ifglge krav 1, hvor power headroom-feltet (910), der inde-
holder power headroom-informationen, er foroundet med en uplink-betjenende
celle.

3. Brugerindretning ifalge krav 1 eller 2, hvor power headroom-feltet (910)
kommer far det forbundne transmissionseffektfelt (930) i power headroom-sty-
reelementet.

4. Brugerindretning ifolge et af kravene 1 til 3, hvor transmissionseffekifeltet
(930) indeholder information om transmissionseffekten af den uplink-betje-
nende celle (Pcmax,c), der er forbundet med power headroom-informationen.

5. Brugerindretning ifelge et af kravene 1 til 4, hvor power headroom-feltets
(910) bit og det forbundne indikatorfelt udger en del af en oktet af power
headroom-styreelementet, og/eller transmissionseffekifeltets (930) bit udger
en del af en oktet af power headroom-styreelementet.

6. Brugerindretning ifalge et af kravene 1 til 5, hvor power headroom-styreele-
mentet omfatter et bitmap til at angive, hvilken uplink-betjenende celle der rap-
porterer power headroom-information som en del af dette power headroom-
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styreelement.

7. Brugerindretning ifolge et af kravene 1 til 6, hvor naevnte RAN er et LTE-
RAN, Long Term Evolution Radio Access Network.

8. Fremgangsmade til kommunikation af en power headroom-rapport af en
type, der vedrgrer en Physical Uplink Shared Channel, PUSCH, eller af en
type, der vedrarer en Physical Uplink Control Channel, PUCCH, herunder et
power headroom fra en UE, brugerindretning, til en basisstation i et RAN, Ra-
dio Access Network, omfattende trinnene

at bestemme, om et transmissionseffekifelt (930) indeholdende information om
transmissionseffekten af en uplink-betjenende celle (Pcmax,c), der er forbun-
det med et power headroom, skal sendes sammen med naevnte power
headroom; og nar det bestemmes, at transmissionseffektfeltet (930) skal sen-
des, at tilfgje et power headroom-felt (910) med naevnte power headroom og
transmissionseffekifeltet (930) til et power headroom-styreelement og at ind-
stille en indikator (920) til en specifik veerdi for at angive, at transmissionsef-
fektfeltet (930) er indbefattet.

9. Fremgangsmade ifalge krav 8, hvor bestemmelsestrinnet udfares, hvis det
bestemmes, at et power headroom er blevet udlgst.

10. Fremgangsmade ifglge krav 8 eller 9, hvor bestemmelsen af, om et trans-
missionseffektfelt skal sendes, baseres pa, om cellen har en uplink-transmis-
sion.

11. Fremgangsmade ifalge et af kravene 8 til 10, hvor, nar det bestemmes, at
transmissionseffekifeltet ikke skal sendes, tilfgjes power headroom-feltet til et
power headroom-styreelement, og indikatoren indstilles til en anden specifik
veerdi for at angive, at transmissionseffekifeltet ikke er indbefattet.

12. Fremgangsmade ifglge et af kravene 8 til 10, hvor, nar det bestemmes, at
naevnte power headroom skal udarbejdes pa basis af en virtuel transmission,
indstilling af indikatoren til en anden specifik vaerdi for at angive, at et forbundet
transmissionseffekifelt ikke er indbefattet i power headroom-styreelementet.
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13. Fremgangsmade, der udfgres af en basisstation i et RAN, Radio Access
Network, til behandling af en power headroom-rapport af en type, der vedragrer
en Physical Uplink Shared Channel, PUSCH, eller af en type, der vedrarer en
Physical Uplink Control Channel, PUCCH, der er modtaget fra en UE, bruger-
indretning, hvilken power headroom-rapport omfatter et power headroom-sty-
reelement, hvilken fremgangsmade omfatter trinnene

at bestemme, om en veerdi i et indikatorfelt (920), der er forbundet med et
power headroom-felt (910) af det modtagne power headroom-styreelement, er
indstillet til en specifik veerdi, som angiver, at et transmissionseffektfelt (930),
der er forbundet med power headroom-feltet (910), er indbefattet i power
headroom-styreelementet, og

at leese transmissionseffektfeltet (930), nar indikatorfeltets (920) veerdi er ind-
stillet til den specifikke vaerdi.

14. Fremgangsmade ifglge krav 13, hvor, nar det bestemmes, at indikatorfel-
tets (920) veerdi er indstillet til en anden specifik veerdi, er power headroom-
rapporten blevet udarbejdet pa basis af en virtuel transmission, og at et for-
bundet transmissionseffekifelt ikke er indbefattet.

15. Basisstation i et RAN, Radio Access Network, der er konfigureret til at be-
handle en power headroom-rapport af en type, der vedrarer en Physical Uplink
Shared Channel, PUSCH, eller af en type, der vedrgrer en Physical Uplink
Control Channel, PUCCH, der er modtaget fra en UE, brugerindretning, hvil-
ken power headroom-rapport omfatter et power headroom-styreelement, hvil-
ken basisstation omfatter en processor (BSPR), der er konfigureret til

at bestemme, om en veerdi i et indikatorfelt (920), der er forbundet med et
power headroom-felt af det modtagne power headroom-styreelement, er ind-
stillet til en specifik vaerdi, som angiver, at et transmissionseffektfelt, der er
forbundet med power headroom-feltet, er indbefattet i power headroom-styre-
elementet, og til

at leese transmissionseffektfeltet, nar vaerdien er indstillet til den specifikke
veerdi.

16. System til kommunikation af effektinformation, hvilket system omfatter en
brugerindretning ifalge krav 1 og en basisstation ifalge krav 15.
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17. Computerprogram med instruktioner, der er konfigureret til, nar de udfgres
pa en dataprocessor, at fa dataprocessoren til at udfore fremgangsmaden
ifglge et af kravene 8 til 14.
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