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ABSTRACT
A method for reporting power headroom-related information for a plurality of
aggregated carriers. The method includes reporting in a bitmap the power headroom-
related information for a number of the aggregated carriers that is less than or equal to
the total number of aggregated carriers, wherein the power headroom-related information

is one of a power headroom for at least one of the aggregated carriers and a path loss for

at least one of the aggregated carriers.
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Reporting Power Headroom for Aggregated Carriers

BACKGROUND

[0001] As used herein, the terms “user agent” and “UA" might in some cases refer to
mobile devices such as mobile telephones, personal digital assistants, handheld or laptop
computers, and similar devices that have telecommunications capabilities. Such a UA
might consist of a device and its associated removable memory module, such as but not
imited to a Universal Integrated Circuit Card (UICC) that includes a Subscriber |dentity
Module (SIM) application, a Universal Subscriber |dentity Module (USIM) application, or a
Removable User ldentity Module (R-UIM) application. Alternatively, such a UA might
consist of the device itself without such a module. In other cases, the term “UA” might refer
to devices that have similar capabilities but that are not transportable, such as desktop
computers, set-top boxes, or network appliances. The term "UA" can also refer to any
hardware or software component that can terminate a communication session for a user.
Also, the terms “user agent,” "UA," “user equipment,” "UE,” “user device” and “user node”
might be used synonymously herein.

[0002] As telecommunications technology has evolved, more advanced network access
equipment has been Introduced that can provide services that were not possible
previously. This network access equipment might include systems and devices that are
improvements of the equivalent equipment in a traditional wireless telecommunications
system. Such advanced or next generation equipment may be included in evolving
wireless communications standards, such as long-term evolution (LTE). For example, an
LTE system might include an Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) node B (eNB), a wireless access point, or a similar component rather than a
traditional base station. As used herein, the term "access node” will refer to any
component of a wireless telecommunications system, such as a traditional base station, a
wireless access point, or an LTE eNB, that creates a geographical area of reception and

transmission coverage allowing a UA to access other components in the system. An

access node may comprise a plurality of hardware and software.
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[0003] LTE was standardized in Release 8 of the wireless telecommunications
standards promoted by the 3rd Generation Partnership Project (3GPP). 3GPP Release 10
standards deal with LTE-Advanced or LTE-A technology. Under LTE-A, relays and other
advanced components might be included in a wireless telecommunications network. A
relay is a component in a wireless network that is configured to extend or enhance the
coverage created by an access node or another relay. Although access nodes and relays
may be distinct components with different capabilities and functions, for ease of reference,
the term "access node” will be used herein to refer to either a relay or an access node as
described above.

[0004] The signals that carry data between UAs, relay nodes, and access nodes can
have frequency, time, and coding parameters and other characteristics that might be
specified by a network node. A connection between any of these elements that has a

specific set of such characteristics can be referred to as a resource. The terms “resource,”

) it {

‘communications connection,” “channel,” and “communications link®™ might be used
synonymously herein. A network node typically establishes a different resource for each
UA or other network node with which it is communicating at any particular time.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] For a more complete understanding of this disclosure, reference is now made to
the following brief description, taken in connection with the accompanying drawings and
detailed description, wherein like reference numerals represent like parts.
[0006] Figure 1 illustrates an aggregation of carriers.
[0007] Figure 2 illustrates a procedure by which an access node grants a resource to a

user agent.

[0008] Figure 3 1s a diagram of a power headroom and related quantities.
[0009] Figure 4 Is a diagram of a control element that could be used for transmitting
power headroom-related information according to an embodiment of the disclosure.

[0010] Figure 5a is a diagram of a control element that could be used for transmitting

power headroom-related information according to an alternative embodiment of the

disclosure.
[0011]  Figure 5b is a diagram of a control element that could be used for transmitting

power headroom-related information according to an alternative embodiment of the

disclosure.
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[0012] Figure 6 is a diagram of a control element that could be used for transmitting

power headroom-related information according to an alternative embodiment of the

disclosure.
[0013] Figure 7 is a table showing a mapping between a power difference and a two-bit

variable according to an embodiment of the disclosure.

[0014] Figure 8 is a table illustrating a calculation of a power difference between a
carrier and a reference carrier according to an embodiment of the disclosure.
[0015] Figure 9 is a diagram of a control element that could be used for transmitting

power headroom-related information according to an alternative embodiment of the

disclosure.
[0016] Figure 10 is a diagram of a control element that could be used for transmitting

power headroom-related information according to an alternative embodiment of the

disclosure.
[0017] Figure 11 Iillustrates an exemplary MAC control element according to an

embodiment of the disclosure.

[0018] Figure 12 is a diagram illustrating a method for reporting power headroom-

related information for a plurality of aggregated carriers according to an embodiment of the

disclosure.
[0019] Figure 13 llustrates a processor and related components suitable for

implementing the several embodiments of the present disclosure.
DETAILED DESCRIPTION
[0020] It should be understood at the outset that although illustrative implementations of

one or more embodiments of the present disclosure are provided below, the disclosed
systems and/or methods may be implemented using any number of techniques, whether
currently known or in existence. The disclosure should In no way be limited to the
llustrative implementations, drawings, and techniques Illustrated below, Including the
exemplary designs and implementations illustrated and described herein, but may be
modified within the scope of the appended claims along with their full scope of equivalents.
[0021] In LTE-A, carrier aggregation might be used in order to support wider
transmission bandwidths and hence increase the potential peak data rate to meet LTE-A

requirements. |In carrier aggregation, multiple component carriers are aggregated and can

3
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be allocated in a subframe to a UA as shown in Figure 1. In this example, each
component carrier 110 has a width of 20 MHz and the total system bandwidth becomes
100 MHz. The UA may receive or transmit on a multiple of up to five component carriers
depending on its capabilities. In addition, depending on the deployment scenario, carrier
aggregation may occur with carriers located in the same band and/or carriers located In
different bands. For example, one carrier may be located at 2 GHz and a second
aggregated carrier may be located at 800 MHz.

[0022] In uplink transmissions, a UA transmits a power headroom report (PHR) and a
buffer status report (BSR) to an access node in order to assist with uplink scheduling. The
access node uses this information when it determines the amount of frequency resources
and proper modulation and coding scheme (MCS) level for physical uplink shared channel
(PUSCH) transmissions. Figure 2 shows the general flow of an uplink transmission from a
UA 210 to an access node 220. When new data arrives at the UA buffer, the UA 210, at
event 231, transmits a scheduling request on the physical uplink control channel (PUCCH)
if there is no uplink PUSCH resource available for the initial transmission. Since the
access node 220 does not know the current uplink channel conditions or the amount of
pending data, the access node 220 schedules a small amount of uplink resources, as
shown at event 232. The UA 210, at event 233, then transmits a PHR and BSR using this
initial uplink resource. With this additional information, the access node 220, at event 234,
can provide the UA 210 with a larger amount of uplink resources. At event 235, the UA
210 transmits to the access node 220 at a higher data rate according to the UA buffer
status and the observed channel conditions.

[0023] As shown in Figure 3, the power headroom (PH) 310 is defined as the difference
between the nominal UA maximum transmit power (P.max) 320 and the estimated power for
PUSCH transmissions (Ppuschy) 330. Even when the same data rate is transmitted in two
different situations, the PH values can be different depending on the current UA channel
conditions. From the access node scheduler’s point of view, a large PH means that the UA

has more room to increase its power to accommodate a higher data rate transmission,

while a small PH means that the UA cannot increase its data rate.
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[0024] The 3GPP Technical Specification (TS) 36.213, which is relevant to the present

disclosure, defines the following equation which a UA can use to calculate the PH:

PH (i) = I CMAX P]’(.]S(”/-l (7)
= Lopax ~ {10 108, (M pysci (1)) + o pusen (V) +a(J) - PL+ A (1) + f(l)}

[0025] This equation means that the PH is the remaining available transmission power,

obtained by subtracting the uplink transmission power at the ith subframe from the

maximum allowable transmission power. The parameters are defined as follows.

Py 18 the configured maximum UA transmission power.

M puscn (1) 1S the bandwidth of the PUSCH resource assignment expressed in number of

resource blocks scheduled for subframe 1.

P, »uscr (/) 1S @ parameter composed of the sum of a cell-specific nominal component

and a UA-specific component provided by higher layers.
a( ) 1s defined in 3GPP TS 36.213.

PL is the downlink path loss estimate calculated in the UA in dB.

A (i) Is the offset with respect to the transport format.
/(i) 1s the power control adjustment.

[0026] In LTE-A systems, UAs might report their PH to an access node to assist with

uplink scheduling as in the case with LTE systems. However, the PH reporting approach

used in LTE, where PH is the difference between the maximum allowable and current
uplink transmission powers, may not be appropriate in LTE-A. An LTE-A UA is able to
transmit using muitiple carriers simultaneously, and scheduling might be performed on a

per-carrier basis with different MCS levels. If each carrier is constrained to use the same
uplink transmit power, one PH report may be sufficient. However, the uplink transmit
power would be expected to be different for each carrier because some power-related
parameters might vary for different carriers.

[0027] For example, the path loss can be different if the carriers are located in different

bands. Assuming two example carriers are located at 2 GHz and 800 MHz, respectively,
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the expected statistical difference in path loss can be calculated as a function of the
frequency based on the path loss model in 3GPP Technical Report (TR) 25.942. In this

model, the path loss L is given as 40(1 - 4x10™ Dhb) Log1o(R) - 18Log1o(Dhb) + 21Log+o(f)
+ 80 dB, where f is the frequency in MHz, Dhb Is the access node antenna height in meters
(in 3GPP, 15m is assumed), and R is the distance between the access node and the UA In
kilometers. For 2 GHz, L = 128.1 + 37.6 Log+«(R). For 800 MHz, L = 119.7 + 37.6
Log1o(R). So, provided that there are no other factors, the expected mean difference In
path loss between 2 GHz and 800 MHz will be about 9 dB. It is noted that this difference
has been calculated with a statistical model. In an actual deployment, it would be not be
realistic for an access node to be able to accurately predict the path loss difference
between bands due to different propagation characteristics as a function of the frequency.
For example, higher frequency carriers generally attenuate faster as a function of distance
and are also more likely to be attenuated by environmental factors such as building
penetration, foliage, rain, etc.

[0028] Also, the power control adjustment, f(i), might be different for different carriers.
An access node could transmit individual TPC (Transmit Power Control) commands per
carrier or a single combined TPC command for all of the carriers. Even though the access
node originates the TPC commands, it would be difficult for the access node to correctly
track the current f(i) values per carrier due to possible TPC signaling errors and/or TPC
signals that were mis-detected by the UA.

[0029] In addition, Po puscy might vary for different carriers. Po puscH 1s a cell- and UA-

specific parameter that adjusts the target signal to interference-plus-noise ratio (SINR)
based on the Interference level. Since each component carrier 1s scheduled

independently, each carrier might experience a different inter-cell interference level. The
loading of different carriers may be different depending on the scheduling in the neighbor
cells. For example, the access node might schedule cell-edge UAs on one carrier and
more centrally-located UAs on the remaining carriers. In addition, the network topology
may result in different neighboring cells having different carriers available. For instance,
one cell may have five carriers in total, but a neighboring cell that is expected to be less

lightly loaded may only be configured with a maximum of three carriers.
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[0030] Also, a(j) might be different for different carriers. a(j) is a cell-specific parameter
intended to improve cell throughput under small interference levels. This parameter can be
varied based on the cell loading and/or on the UA distribution within a cell.

[0031] For these and other reasons, the uplink transmit power, and therefore the power
headroom, might be different for each carrier in a set of aggregated carriers. To reflect the
need for individual PH values per carrier or per band, the PH of all carriers could be
reported to the access node. However, this could result in excessive signaling overhead,
since it may not be necessary to report the PH for every carrier. In an embodiment,
various schemes are provided for efficiently transmitting per-carrier PH values for a set of
aggregated carriers in order to reduce signaling overhead.

[0032] Most of the factors determining a PH value are carrier-specific but, other than
path loss (and possibly the current power control correction), the access node Is typically
aware of these parameters. Therefore, if the access node is made aware of the path loss
for each carrier, the access node can calculate a PH for each carrier. A UA could report an
observed path loss in a higher-layer measurement report, but such a report may not be
sent frequently enough because higher-layer messages tend to be larger and generally
incur some delay before being triggered. Consequently, it may be advantageous for the
UA to report a separate PH value to the access node for each carrier. However, it may be
unnecessary to report separate PH values for all carriers given that the path losses of
carriers located in the same frequency band are typically similar.

[0033] In an embodiment, to avoid additional signaling overhead, the number of carriers

for which the PH or PH-related information is reported is less than or equal to the total

number of configured carriers. For notational convenience, a carrier for which a PH or PH-
related information is reported is referred to herein as a “reporting carrier’. In an
embodiment, there are two approaches to configure which carriers are reporting carriers.

[0034] In one embodiment, a UA determines which carriers are reporting carriers basea
on whether the carriers are located in the same band or not. If a PH report has been
triggered by one of the triggering criteria described below, and if there are multiple carriers
in the same band, the UA can select the reporting carrier using a predefined set of rules
known by both the access node and UA. For example, the UA might choose the carrier

having the lowest centre frequency, the carrier having the lowest physical cell ID, or some
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other carrier or carriers. Since the access node already knows whether or not the
configured carriers are located in the same band, the UA does not have to signal its
decision to the access node. The access node is aware of this predefined rule and can
utilize the PH reporting correctly.

[0035] In another embodiment, an access node configures the carrier set to be
reported. The access node selects the carriers for which PH reporting will be performed
and communicates this decision to the UA via radio resource control (RRC) signaling or
media access control (MAC) control elements. This approach provides additional freedom
to the access node because the access node can select the reporting carriers regaraless
of whether those carriers are located in the same or different bands. One approach would
involve the access node using a bitmap to indicate which carriers’ PHs should be reporteq,
although other methods could also be used.

[0036] |In LTE, a PH report might be transmitted at periodic intervals and/or when a
triggering event occurs. According to 3GPP TS 36.321, a PH report is triggered if any of
the following events occur. the prohibitPHR-Timer expires or has expired and the path loss
has changed more than dl-PathlossChange dB since the last power headroom repon,
when the UA has uplink resources for a new transmission; the periodicPHR-Timer expires,
in which case the PHR is referred to as a "Periodic PHR", upon configuration and
reconfiguration of a Periodic PHR.

[0037] In an embodiment, these criteria are expanded to support carrier aggregation

under LTE-A. The triggers related to the expiration of the periodicPHR-Timer and the

configuration and reconfiguration of a Periodic PHR might remain the same, but the trigger

related to the expiration of the prohibitPHR-Timer might be modified. More specifically, In
LTE-A, a PH report is triggered if the prohibitPHR-Timer expires or has expired and the
path loss of any reporting carrier has changed more than di-PathlossChange dB since the
last power headroom report, when the UA has uplink resources for a new transmission.
The PH reporting scheme could be such that only reporting carriers that satisfy this di-
PathlossChange criterion actually report their new PH values. That is, not all configured
reporting carriers would actually include their PH values in the PH report.

[0038] It has been discussed that the number of active carriers currently used by a UA

can be configured semi-statically. In this case, when a new carrier is added to an
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aggregation of carriers, it may be desirable to report its PH as soon as possible to assist

with uplink scheduling on that carrier. Therefore, in an embodiment, as one additional
criterion for LTE-A PH reporting, a PH report Is triggered when a UA receilves a new carrier
configuration from the access node and/or a new PH reporting configuration that includes a
new reporting carrier.

[0039] As mentioned previously, a UA could transmit a PH report to an access node via
RRC signaling or via MAC control elements. Since the RRC signaling approach might
incur additional delay and signaling overhead, the MAC control element approach may be
preferable. The following alternatives for transmitting a PH or PH-related information are
based on the MAC control element approach. If there is no explicit indication otherwise,
the PH reporting discussed in the following alternatives is triggered according to the criteria
described above.

[0040] In one alternative, when PH reporting is triggered, a UA transmits the PHs for all
of the reporting carriers. For example, if there are four reporting carriers, when the
observed path loss difference for one of the reporting carriers exceeds the configured
threshold (that i1s, the path loss of a reporting carrier has changed more than di-
PathlossChange dB), the UA transmits the PHs for all four of the reporting carriers.

[0041] Figure 4 illustrates an example of a MAC control element 400 that could be used
for transmitting the PHs of all reporting carriers. The control element 400 consists of three
byte-aligned octets 410. The number of PH values equals the number of reporting carriers.
In this example four reporting carriers have been configured. The length of the PH values
IS six bits, as in LTE. Each PH represents the PH of carrier k. In some embodiments, If
the allocated UL resources cannot accommodate the MAC control element of all PHs plus
its subheader as a result of logical channel prioritization, then the UA can decide not to
transmit all PHs or transmit PHs of a subset of carriers in the MAC control element to be
accommodated in the allocated UL resources. The UA can select carriers based on the
logical or physical carrier indexing. In one embodiment, the UA can select a carrier based
on the priority of the carrier. For example, the UA can transmit the PH of the uplink anchor
carrier or a carrier used to transmit data with a high quality of service (QoS).

[0042] [n another alternative, a UA transmits a PH report in a long format or a short

format depending on the situation. That is, to reduce signaling overhead, two different
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kinds of PH report can be defined: a wideband PH report and a per-carrier PH report. The
wideband PH report represents the power situation across the system bandwidth and could
be generated by averaging the PH values of all carriers, could include the PH of a certain
representative carrier, or could represent the system-wide power in some other manner.
This wideband PH report could be transmitted in a MAC control element, and the existing
L TE format could be re-used because the wideband PH report includes only one PH value.
For per-carrier PH reports, the PH of each carrier could be transmitted as described above.
[0043] When these two different PH reports are used, the PH reports could be
configured using one of two different techniques. In one technique, different reporting
periodicities are configured for each type of report, with the wideband PH being reported
more often than the per-carrier PHs. For example, a wideband PH might be reported every
10 milliseconds, and per-carrier PHs might be reported every 100 milliseconds. In another
technique, whenever a PH report is to be generated, the UA transmits per-carrier PH
information if the PH difference between different reporting carriers or the difference
between per carrier PHs and the wideband PH are larger than a preset threshold.
Otherwise, the UA transmits a wideband PH report. This threshold could be configured by
higher-layer signaling. When this second technique is used, the UA could indicate whether
the PH report is of the wideband or per-carrier PH format by including a 1-bit indicator
before the PH values.

[0044] Sample control element formats that could be used in the second technique are
shown in Figures 5a and 5b. In both cases, the control elements consist of byte-aligned
octets, the length of the PH values is six bits, and reserved bits and/or padding bits can be
used for byte alignment. In the wideband PH control element 500 of Figure 5a, a one-bit
iIndicator 510 is included at the beginning of the control element 500. One value for this
indicator 510, for example “1°, indicates that this control element 500 includes only a
wideband PH. A padding bit 520 is then included, and then a PH value 530 that represents
the power situation across the system bandwidth is included.

[0045] In the per-carrier PH control element 550 of Figure 5b, the one-bit indicator 510
IS again included at the beginning of the control element 550. The alternative value for this
iIndicator 510, “0” in this example, indicates that this control element 550 includes PH

values for all reporting carriers. A padding bit 520 i1s then included, followed by the PH

10
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values 560 for the reporting carriers in a manner similar to that depicted In Figure 4.

Additional padding bits 520 then fill out the last octet.

[0046] In another alternative, a UA transmits the PH value for one carrier and PH-
related information for the remaining carriers at the same time. To reduce signhaling
overhead, one of two techniques could be used to transmit PH information for all reporting
carriers.

[0047] In one technigue under this alternative, a UA transmits the PH or the path loss of
one reporting carrier. This carrier can be referred to as the reference carrier. For the
remaining reporting carriers, the UA transmits a value representing a variation between the
PH or path loss of the reference carrier and the PH or path loss of the remaining reporting
carriers. That Is, the UA reports the PH of the reference carrier and the relative difference
between the PHs of the other carriers and the reference carrier's PH. Alternatively, the UA
reports the path loss of the reference carrier and the relative difference between the path
losses of the other carriers and the reference carrier's path loss, and the access node then
calculates the PH based on the path loss information. The number of bits used to signal
the relative differences Is smaller than the number of bits used for signaling the absolute
PH or absolute path loss value, thus reducing signaling overhead. The reference carrier
could be the anchor carrier or the carrier transmitting the current PH report. If additional
signaling information Is included, the carrier having the highest (or lowest) PH could
Instead be the reference carrier.

[0048] In another technique under this alternative, a UA reports a single PH value and a
bitmap, with the length of the bitmap equal to the number of carriers. If a particular carrier's
bit within the bit map 1s one of two binary values (for example “1”), then that carrier's power
headroom Is greater than or equal to the reported PH value. If a particular carrier’s bit
within the bit map is the other of two binary values (for example “0”), then that carrier's
power headroom Is less than the reported PH value. This approach does not give an exact
PH value for each carrier, but may provide sufficient information for scheduling purposes
and results in fewer bits being required for power headroom reporting.

[0049] Under either of these techniques, the average PH value of all carriers could be
transmitted instead of the specific PH value of one carrier. In this case, the remaining

carriers will include all of the reporting carriers and the PH-related information to be

11
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transmitted will be the difference between this average PH value and the specific PH value

of each of these carriers.

[0050] In the first technique of this alternative, a UA transmits the PH value for one
carrier and transmits condensed PH-related information for the remaining carriers more
frequently than the rate at which full absolute PH values are reported. More specifically, an
absolute PHR containing PH information for all of the reporting carriers can be provided at
certain periodic time Intervals In order to ensure that the UA and access node are
synchronized on this information. Between these absolute PHRs, the UA provides
‘Incremental” PHRs that provide the absolute PH information for one carrier (for example,
the anchor carrier or reference carrier) and relative incremental information for the
remaining carriers (up to four additional carriers). This incremental information specifies
how the path loss and power control correction of a carrier have changed relative to the
anchor carrier's path loss. This allows the remaining carriers’ PH values to be determined
at the access node. The incremental information reporting is triggered by the criteria
described above. In the case of incremental reporting, a different threshold from the
threshold used for triggering an absolute PH could be configured.

[0061] There could be different ways of generating this incremental value. In one

approach, the incremental value denoted by &,(i) is calculated from the path loss and

power control correction difference between the anchor carrier and other carriers as

follows.

where « (), PL,(i), 7,(i) are (respectively) the alpha value, path loss, and power control
correction for the anchor carrier, and «, (), PL (i), 7, (i) are (respectively) the alpha value,

path loss, and power control correction for the carrier which reports the incremental value.

The 7 and n indices for indicating time instances are used interchangeably in the discussion

of this technique.

12
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[0052] The UA calculates this &,(i) value and transmits the value to the access node.

The access node then uses this signaled value to determine the appropriate PH value for

the non-anchor carriers. One approach for so doing is shown in the equation given below:

PH, (”) =PH, (n - 1)+ (IOIOgIO(MPUSCH,k (n- 1))+ Arp (n - 1))
B (1 Olog,, (M PUSCH 4 (’7 )) + Arpy (’7))
+PH, (”)+ (1 OlogIO(MPUSCH,A (”))+ Arp o (”))
B (PHA (” - 1)+ (l OlogIO(MPUSCH,A (” B 1))+ Ay, (n - 1)))
+ 0y (”)

where the A subscript represents the anchor carrier, and the k subscript represents the kth
carrier (where k covers all of the non-anchor reporting carriers). The Mpyscy and Arr terms
are added or subtracted as appropriate to compensate for the portion of the PH calculation
that depends upon the corresponding transmission allocation (i.e., the number of allocated
resource blocks and the transport block size). The n and n-1 indices on these quantities
correspond to the transmission allocation parameters for the subframe where the PH was
calculated. Due to Hybrid Automatic Repeat Request (HARQ) retransmissions of MAC
Protocol Data Units (PDUs), this represents the subframe where the original HARQ

transmission was made. This information could be stored at the access node. o IS a

relative incremental adjustment described further below, which can be calculated as shown

earlier.
[0053] It Is recognized that the above equation Is rather complicated and could be

simplified by separating it into several different equations, such as shown in the example

below.

£y (’7) =PH, (n)+ (1 OlOgIO(MPUSCH,A (n))+ ATF,A(H))
P, (n)= B, (n=1)+(P,(n)= P, (n~1))+ 5,(n)

PH, (”) =1, (n) - (1 OlogIO(MPUSCH,k (n))+ Agr (’7))

[0054] The P quantities in the above equations essentially track a combination of the

path loss and power control correction for each of the carriers.

13
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[0055] Figure 6 shows an example format of such a Power Headroom MAC control
element for the relative incremental reporting scheme. In this embodiment, the MAC
control element 600 includes a PH value 610 for the anchor carrier. This value 610 Is
substantially similar to a PH value that would be transmitted under LTE for a single carrier.
The MAC control element 600 also includes a plurality of fixed length payloads 620 of two
bits. The payloads 620 are labeled in Figure 6 as di(n), where different values of k
represent different carriers. If less than five carriers are in use, one or more dk(n) values
are replaced by padding bits. Each dk(n) value is mapped to a ox(n) value, where ok(n)
represents a relative incremental adjustment (in dB) or a value that is input to a function in
order to determine the appropriate adjustment that should be made to the corresponding
PH value currently being tracked at the access node for carrier k.

[0056] Values for d«(n) are indexed using the corresponding signaled dx(n) values. An
example mapping of these quantities is shown in the table 700 of Figure 7. Each possible
value of the two-bit d(n) payload 620 is mapped to a different value 710 for 6x(n). In this
example, the 8«(n) values are -3 dB, -1 dB, +1 dB, and +3 dB, but in other embodiments
other §,(n) values could be used. If one of the payloads 620 of the control element 600 has
the value of “00”, for example, the 8x(n) value for the corresponding carrier is -3 dB, If one
of the payloads 620 of the control element 600 has the value of “017, the x(n) value for the
corresponding carrier i1s -1 dB, and so on.

[00567] The example table 800 shown in Figure 8 may be used to illustrate this method.
Here, there are five carriers 810, including the reference carrier, and four other carriers

(numbered from 1 to 4). The combined path loss and power control corrections for the

previous reporting time (i.e., n - 1) are shown in the second column 820, and the combined
path loss and power control corrections for the current reporting time (i.e., n) are shown In
the third column 830. As can be seen, the path loss has generally increased (e.g., perhaps
the UA is now shadowed by a building), although by a different amount for each carrier.
The fourth column 840 contains the delta change for each carrier from time n - 7 to time n.
This may be obtained by subtracting an entry in the second column 820 of the table 800
from the corresponding entry on the same row and in the third column 830. Finally, the fifth
column 850 shows the delta value of each carrier relative to the reference carrier. These

quantities may be obtained by subtracting the reference carrier’'s value in the fourth column
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840 from each carrier’s delta value in the fourth column 840. This essentially follows the
equation defined above for 6x(n). The values in this last column 850 may then be mapped
to dk(n) for signaling purposes as shown in table 700 of Figure 7. If a derived ox(n) value
has not been mapped to a dk(n) value, a mapped ok(n) value that Is close to the derived
5k(n) value can be used. For example, for values where an exact match does not occur In
table 700 (such as 0 dB for carrier 4), the closest ox(n) from table 700 is selected.

[0068] In yet another alternative for reporting LTE-A power headroom via a MAC control
element, a UA transmits the PH of only a certain reporting carrier or of only certain
reporting carriers. The disadvantage of transmitting the PH for all reporting carriers, as
described in the first alternative given above, is that PH information may be reported
unnecessarily. In an embodiment, to reduce signaling overhead, the UA transmits PH
information only for a carrier or carriers for which a specific event trigger occurs or when
that carrier's PUSCH is scheduled. Different dl-PathlossChange, periodicPHR-Timer |
and/or prohibitPHR-Timer can be configured for each carrier or for a subset of carriers. In
case where multiple events are triggered, PHs of all triggered carriers can be transmittea.
For example, when the path loss difference is larger than a preconfigured threshold In
carrier #1, UA would transmit the PH only for carrier #1. To indicate to the access node
which reporting carriers’ PHs are being transmitted, additional signaling, such as a bitmap,
is included with a PH report. In some embodiments, if the allocated UL resources cannot

accommodate the MAC control element of all PHs plus its subheader as a result of logical
channel prioritization, then the UA can decide not to transmit all PHs or transmit PHs of a
subset of carriers in the MAC control element to be accommodated in the allocated UL
resources. The UA can select carriers based on the logical or physical carrier indexing. In
one embodiment, the UA can select a carrier based on the priority of carrier. For example,

the UA can transmit PH of the uplink anchor carrier or carrier transmitting the high QoS

data.
[0059] An example of this technique is shown in Figure 9, where a MAC control element

900 includes a bitmap 910 with a length equal to the number of reporting carriers. In this
case, there are five reporting carriers, so the bitmap 910 includes five bits. The bit in the k™
position indicates whether or not the PH value of the k™ carrier is included in the control

element 900. For example, “1” may mean that the corresponding PH value is included,
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while “0” may mean that the PH value is not included. In this example, the first, fourth, and
fifth bits of the bitmap 910 are set to “1”, so PH values for the first, fourth, and fifth carriers
are included in the control element 900.

[0060] Alternatively, other reporting triggers could determine whether the PH of a
reporting carrier is included in the control element 900. For example, an access node
could specify that reporting carrier PHs are to be included only for the carrier having the
highest PH or only for carriers having a PH larger than a specified threshold. In these
cases, the number of carriers to include and/or the threshold can be predefined or
configured by higher-layer signaling.

[0061] As another technique for transmitting PH values for a subset of the reporting
carriers, the UA indicates the number of reported PH values and a corresponding carrier
index for each of the carriers transmitting a PH value. The UA transmits a consolidated
power headroom report (i.e., PH information for multiple carriers contained within a single
MAC control element) on only one of the reporting carriers. This carrier can be labeled as
the signaling carrier. The first PH value in a reported list of PH values can be automatically
associated with the signaling carrier. Additional PH values in the list are then indexed
using two-bit values to indicate which carrier they are associated with, with a pre-
determined order being used to link index values with carriers (e.g., in ascending order of
frequency).

[0062] An example of this technique is shown in Figure 10. The first two bits 1010 of a
MAC control element 1000 represent the total number of PH values included in the control

element 1000, with the range of values that can be signhaled being a function of the total

number of aggregated carriers (e.g., a range of 2-5 when five carriers are aggregated, and
a range of 1-4 when less than five carriers are aggregated). The remainder 1020 of the

first octet includes the PH of the signaling carrier. Each subsequent octet includes a two-
bit carrier index 1030 followed by a PH 1040 for the indexed carrier. The index 1030

indicates which of the other, non-signaling carriers has the PH value in the PH portion 1040
of the octet. For example, if there were four non-signaling carriers, a carrier index 1030 of
“00” might refer to the first non-signaling carrier, a carrier index 1030 of "01" might refer to

the second non-signaling carrier, and so on.
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[0063] It should be noted that a combination of the above approaches can be used
depending on the operation. For example, a UA might report PH values for all carriers
periodically. Meanwhile, in the event-triggered case, the UA might report only for the
selected carriers in order to reduce the signaling overhead.

[0064] In an embodiment, to support carrier aggregation, the calculation used to obtain
PH in an LTE-based environment is modified to be carrier-specific in an LTE-A-based

environment. An example of such a modified PH equation for calculating the PH value for

LTE-A Is given below.

PH, (i) = Poyypscsc = 11010816 (Mopyscpsc D) + Py puscrne (1) + @, () PL + A (i) + £, ()]

where the definition of each parameter is given in 3GPP TS 36.213, but parameter values
are different on a per-carrier basis. k denotes the kth carrier to be reported.

[0065] With the current LTE PH equation, scheduling information is needed to calculate

PH. For example, the number of scheduled resource blocks (M, s (7)) needs to be

known and the transport block size is needed in order to calculate A, (7). In an LTE-A-

based environment with aggregated carriers, a UA may not have a current PUSCH
allocation for a particular reporting carrier. Such a UA would not have the necessary
scheduling information and therefore could not perform the PH calculation. In an
embodiment, the UA makes certain assumptions in this situation in order to calculate and
report PH values for any non-scheduled carriers. One of three different techniques might

be used.

[0066] In one technique, the UA copies the resource configuration for a scheduled
carrier. At least one carrier must be scheduled in order for the UA to be able to transmit a

PH report. Any non-scheduled reporting carriers can use the same scheduling
configuration (i.e., the number of resource blocks and the transport block size), as given for
a selected scheduled carrier, in order to calculate a PH value. Possible methods for
selecting a scheduled carrier whose scheduling configuration would be “copied” could be to
select the nearest carrier as measured by carrier frequency or to select the scheduled

carrier with the lowest or highest carrier frequency.
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[0067] In another technique, the configuration of the Sounding Reference Signal (SRS)
transmission is used. The SRS is transmitted periodically from the UA and Is used by the

access node to detect the UA channel situation. For frequency-selective scheduling, the

access node configures the UA to transmit SRS in each carrier. The number of resource

blocks of the SRS transmission is semi-statically configured and A, (i)Is set to zero, so

the UA is typically aware of these values. Since both the UA and access node know the
SRS transmission parameters, the number of resource blocks of the SRS transmission can
be used if a PUSCH transmission is not scheduled for a particular carrier.

[0068] [n another technique, a reference configuration is predefined. Fixed reference
values for the number of resource blocks and the transport block size can be predefined or
configured by higher-layer signaling and then used in the calculation of a PH value for a
non-scheduled carrier.

[0069] When the PUSCH and the PUCCH are configured for simultaneous
transmission, the PUCCH-related PH may need to be transmitted to indicate that the
transmit power used for the PUCCH-related PH can be the PH only for the PUCCH or can
be a combined PUCCH and PUSCH PH. If the access node receives only the PUSCH PH,
it may be difficult to exactly estimate the allowable PUSCH power when the PUSCH and
PUCCH are transmitted simultaneously, because the sum of PUSCH and PUCCH power is
limited not to exceed the maximum transmit power. In one embodiment, the UA transmits
the PUCCH-related PH in a MAC control element when PH reporting is triggered and a
PUSCH resource is scheduled. When the PUCCH is transmitted in the same subframe in
which the PUSCH resource is allocated, the PUCCH-related PH is calculated by the UA
based on the actual transmit power of the PUCCH. In one embodiment, the calculated
PUCCH-related PH is inserted in the MAC control element and transmitted to the access
node. However, It can happen that the PUCCH Is not transmitted when the PUCCH-
related PH i1s reported, because PUCCH transmission iIs independent of PUSCH

transmission. In this case, the UA cannot calculate the PH because the PUCCH transmit
power Is not defined when the PUCCH Is not transmitted. One solution is to assume a
reference configuration among different PUCCH formats when the UA transmits the
PUCCH-related PH and the PUCCH is not transmitted. This reference configuration can

be predefined in the specification or configured by higher layer signaling. The higher layer
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signaling could be UA-specific sighaling or broadcast signaling. For example, the
reference configuration could be one of the PUCCH formats from 3rd Generation
Partnership Project (3GPP) Technical Specification (TS) 36.211. For example, the
reference configuration could be PUCCH format 1A from TS 36.211. In some
embodiments, the PUCCH format requiring the most transmission power is used as the
reference configuration. When using a reference configuration, the UA estimates the
transmission power needed to transmit the PUCCH assuming it were to transmit the
PUCCH using the reference configuration. It then uses this estimated transmission power
to calculate the PUCCH-related PH.

[0070] For example, the following equation may be used in the two cases discussed,

with the second equation using PUCCH format 1a as the reference configuration:

(P, omax ~ o pucen T LL+ h(ncgf s nHARQ)+ Ag pycen (F ) T8 (i )if PUCCHIs transmited

PH (i) = . .
\ Prosax -—-{PO_PUCCH + PL+ g(z )} otherwise

[0071] In the previous equation, it is assumed that PH is reported only for the PUCCH.
For the combined PUCCH and PUSCH PH case, the following equation can be used:

/PCMAX ~ {PO_PUCCH + PL+ h(n(:g} ; nHAR(_))+ AF,_PUCCH(F ) T & (i ) )
10108y (Myyses(0) + By puser() + @ (/) PL + Ay (i) + £ (0}/
Foviax =0 pucen + PL+ & (i )} )

u {1 0log, o (Mpyscn(D) + 15 puscu(U) +a () - PL + A (i) + / (Z)} y

1t PUCCHis transmited

PH (i) =

otherwise

[0072] In another embodiment, the UA assumes the fixed value for the parameters

which are variable depending on the transmitted PUCCH transmission. According to the
equation to set the PUSCH transmission power described in 3GPP TS 36.213,

h(n(,g,,nm,@) and Ag pycen (F) are different for different PUCCH formats. When the PUCCH

IS not transmitted, the UA uses reference values for these parameters, where the reference

value can be predefined in the specification or configured by higher layer signaling. For
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example, if the UA assumes both #ln.,,7,,,,) @nd A ween (F) as 0, the above equation

can be used. Other non-zero values can also be used.

[0073] Figure 11 illustrates an exemplary MAC control element wherein the PUSCH PH
and PUCCH-related PH are transmitted in a single MAC control element. In Figure 11,
four reserved bits are included in octet 1, six bits are used to represent the PUSCH PH and
six bits are used to represent the PUCCH-related PH.

[0074] In some embodiments, one MAC control element is used to represent the
PUSCH PH and another MAC control element is used to represent the PUCCH-related
PH. In some embodiments, if the allocated UL resources cannot accommodate the
combined MAC control element (PUCCH-related PH + PUSCH PH) plus its subheader as
a result of logical channel prioritization, then the UA only transmits one MAC control
element containing the PUSCH PH.

[0075] In some embodiments, the access node configures whether PUCCH-related PH
reporting should be performed using broadcast signaling or dedicated (UA-specific)
signaling. For example, the access node can configure some UAs to report PUCCH-
related PH and PUSCH PH. These two reports can be transmitted from the UA using a
single MAC control element. The access node can configure other UAs to report only
PUSCH PH. This one report can be transmitted from the UA using a single MAC control
element. The configuration can be based on UA capability, scheduling algorithms, etc.
[0076] Combinations of the above embodiments can also be used. For example, a UA
may be configured to report PUSCH PH for one or multiple carriers and PUCCH-related
PH for one or multiple carriers. One or multiple MAC control elements can be used to

report the required PH information.

[0077] As mentioned above, one of the factors included in the calculation of power
headroom is the downlink path loss. When multiple downlink component carriers are

aggregated, it may not be clear which of the downlink component carriers is to be used for
deriving path loss and thus for deriving the power headroom. For example, it may not be
desirable to calculate path loss on a downlink component carrier that has been
deactivated. In an embodiment, two alternatives are provided for determining which
downlink component carrier is to be used for deriving path loss. In one alternative, the

determination of which downlink component carrier is to be used for path loss derivation is
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based on a downlink component carrier that is linked to an uplink component carrier in the

broadcast system information. In another alternative, the determination of which downlink
component carrier is to be used for path loss derivation is based on a downlink component
carrier that that has been designated for path loss derivation.

[0078] Details of how to derive the path loss (PL) value in a carrier aggregation

scenario are now provided. The PL value is required to calculate the PH value at uplink

carriers as shown in the following equation.

PHk (1) = PCMAX,k - {1 0 logIO (MPUSCH,k (7)) + PO_PUSCH,k (]) T &, (/) PLk ATF,k (1) + fk (1)}

[0079] PL is the downlink path loss estimate derived by the UA, and PL =
referenceSignalPower — higher layer filtered RSRP (Reference Signal Received Power),
where referenceSignalPower is provided by higher layers and RSRP is measured In the
UA and filtered with the higher layer filter configuration defined by higher layers.

[0080] Since only one DL Component Carrier (CC) and one UL CC are supported In
Release-8, it is preferable that PL be derived from the DL CC on which the UA measures
RSRP. In carrier aggregation, however, a UA can be configured to receive multiple DL
CCs, and it may be possible to refer to any DL CC for path loss derivation, although there
is a cell-specific linkage between DL CC and UL CC for idle mode UAs, and this linkage is
typically signaled in the system information. Therefore, it may be helpful to define which of
the multiple DL CCs should be used for PL derivation.

[0081] There are two aspects to be considered when defining the UA operation to
determine the DL CC to be used for PL derivation. In the first aspect, the DL CC may not
always be activated. In carrier aggregation, muitiple DL CCs may be configured for a UA
supporting carrier aggregation. These configured DL CCs can be activated or deactivated
via MAC signaling. Actual downlink data is scheduled only to the activated DL CCs. This
means that the UA may not need to receive PDCCH or PDSCH on the deactivated DL

CCs. In this case, to save UA battery power, the UA could stop receiving all DL
transmissions on the deactivated DL CCs. If the UA is implemented In this way, it would

also be desirable not to derive PL on a deactivated CC even though that DL CC has been

designated for PL derivation (especially if RSRP measurement on a deactivated CC

21

CA 2972529 2017-07-06



consumes UA processing power). One exception would be that the UA could measure
RSRP on a deactivated CC if this measurement is explicitly configured by higher layer
signaling.

[0082] In the second aspect, a different DL CC can be used other than the linked DL
CC for PL derivation. To compensate for the difference between the PL derived with a
different DL CC and the actual PL for PH calculation of a UL CC, an offset value can be
signaled by the access node. The access node could generate this offset based on
measurement reporting or a statistical model or field testing. However, the PL may not be
correct in the actual environment, especially if the DL CC being referenced is located In a
different frequency band from the UL CC and the UA is moving.

[0083] To clarify the description of the proposed UA operation for PL derivation, the
following carrier types are introduced. One type can be referred to as the Downlink
Primary Component Carrier (DL PCC). In this case, one of the DL CCs Is configured as
the DL PCC, and the DL PCC is never deactivated. Another type can be referred to as the
Paired DL CC. This is a DL CC cell specifically linked to a UL CC in the broadcast system
information. Another type can be referred to as the DL CC _pl. This is a DL CC used for
PL derivation. Each UL CC could be configured to reference one DL CC pl for PL
derivation. With these definitions in place, two alternatives can be provided.

[0084] In the first alternative, the UA uses the paired DL CC for PL derivation If that
paired DL CC is activated or configured for measurement. Since the paired DL CC for
each UL CC is signaled in the system information, additional signaling to indicate DL CC_pl
would not be required. When the paired DL CC is deactivated and has not been

configured for measurement, and the UL CC still needs to be transmitted, there are three
possible approaches. In a first approach, the UA may still derive PL from the (deactivated)
paired DL CC. In this case, the UA still measures RSRP on the paired DL CC. In a

second approach, the UA may derive PL from another DL CC in the same band where the
other DL CC is activated or where measurement has been configured. |n a third approach,
the UA derives PL from another DL CC provided by the access node. The reference
carrier may be implicit, such as the DL PCC. The offset between DL CCs and PCC may
need to be signaled. Since PL difference is likely to happen when PCC and DL CC are In
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different bands, the offset can be signaled if the corresponding DL CC is in a different band
than PCC. Alternatively, the offset between frequency bands can be signaled.

[0085] One of these approaches can be selected or all three approaches can be
defined. When all approaches can be applicable, it may be preferable to prioritize using
the first or second approach, considering the accuracy of PL derivation. In other words, if
the paired DL CC is not activated and not configured for measurement, the UA may still
derive PL from the paired DL CC or may derive PL from another DL CC in the same band
where the DL CC is either activated or measurement is configured. Otherwise, the UA
might use the offset (and the reference DL CC where the offset should be applied)
provided by the access node.

[0086] In a second alternative, the access node can configure the UA to reference any
DL CC for DL CC_pl. An offset may not be needed if the PL of DL CC_pl and the actual
PL required for the UL CC are similar. This might happen if they are located in the same
frequency band. Otherwise, the offset could be signaled. Two different UA operations
might be used depending on whether the DL CC_pl is in the same frequency band as the
UL CC or not. In the case where DL CC pl is in the same frequency band as the UL CC,
the UA could use the DL CC pl for PL derivation if that DL CC_pl is activated or configured
for measurement. When DL CC pl is deactivated but the UL CC still needs to be
transmitted, the UA could apply the same approaches as described with regard to the first
alternative. In the case where DL CC_pl is in a different frequency band, the UA may use
another DL CC, e.g., the paired DL CC or DL CC In the same frequency band with the UL

CC if this DL CC is activated or configured for measurement. Otherwise, the UA could
derive the PL with DL CC pl and an offset. This is because the PL derived by the paired

DL CC or DL CC in the same frequency band might be more accurate than the PL derived

by the DL CC_pl with an offset. The same PL derivation method could be applied to the
uplink transmit power setting for uplink channels, e.g., PUSCH or PUCCH, as well as the

PH value calculation in each UL CC.

[0087] Figure 12 illustrates an embodiment of a method 1200 for reporting power
headroom-related information for a plurality of aggregated carriers. At block 1210, power
headroom-related information is reported for a number of the aggregated carriers that is

less than or equal to the total number of aggregated carriers.
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[0088] The UA 210, the access node 220, and other components described above
might include a processing component that is capable of executing instructions related to
the actions described above. Figure 13 illustrates an example of a system 1300 that
includes a processing component 1310 suitable for implementing one or more
embodiments disclosed herein. In addition to the processor 1310 (which may be referrea
to as a central processor unit or CPU), the system 1300 might include network connectivity
devices 1320, random access memory (RAM) 1330, read only memory (ROM) 1340,
secondary storage 1350, and input/output (I/O) devices 1360. These components might
communicate with one another via a bus 1370. In some cases, some of these components
may not be present or may be combined in various combinations with one another or with
other components not shown. These components might be located in a single physical
entity or in more than one physical entity. Any actions described herein as being taken by
the processor 1310 might be taken by the processor 1310 alone or by the processor 1310
in conjunction with one or more components shown or not shown in the drawing, such as a
digital signal processor (DSP) 1380. Although the DSP 1380 is shown as a separate
component, the DSP 1380 might be incorporated into the processor 1310.

[0089] The processor 1310 executes instructions, codes, computer programs, or scripts
that it might access from the network connectivity devices 1320, RAM 1330, ROM 1340, or
secondary storage 1350 (which might include various disk-based systems such as hard
disk, floppy disk, or optical disk). While only one CPU 1310 is shown, multiple processors
may be present. Thus, while instructions may be discussed as being executed by a
processor, the instructions may be executed simultaneously, serially, or otherwise by one
or multiple processors. The processor 1310 may be implemented as one or more CPU
chips.

[0090] The network connectivity devices 1320 may take the form of modems, modem
banks, Ethernet devices, universal serial bus (USB) interface devices, serial interfaces,
token ring devices, fiber distributed data interface (FDDI) devices, wireless local area
network (WLAN) devices, radio transceiver devices such as code division multiple access
(CDMA) devices, global system for mobile communications (GSM) radio transceiver

devices, worldwide interoperability for microwave access (WIMAX) devices, and/or other

well-known devices for connecting to networks. These network connectivity devices 1320
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may enable the processor 1310 to communicate with the Internet or one or more
telecommunications networks or other networks from which the processor 1310 might
receive information or to which the processor 1310 might output information. The network
connectivity devices 1320 might also include one or more transceiver components 1325
capable of transmitting and/or receiving data wirelessly.

[0091] The RAM 1330 might be used to store volatile data and perhaps to store
instructions that are executed by the processor 1310. The ROM 1340 is a non-volatile
memory device that typically has a smaller memory capacity than the memory capacity of
the secondary storage 1350. ROM 1340 might be used to store instructions and perhaps
data that are read during execution of the instructions. Access to both RAM 1330 and
ROM 1340 is typically faster than to secondary storage 1350. The secondary storage
1350 is typically comprised of one or more disk drives or tape drives and might be used for
non-volatile storage of data or as an over-flow data storage device if RAM 1330 Is not large
enough to hold all working data. Secondary storage 1350 may be used to store programs
that are loaded into RAM 1330 when such programs are selected for execution.

[0092] The 1/O devices 1360 may include liquid crystal displays (LCDs), touch screen
displays, keyboards, keypads, switches, dials, mice, track balls, voice recognizers, card
readers, paper tape readers, printers, video monitors, or other well-known input/output
devices. Also, the transceiver 1325 might be considered to be a component of the |/O
devices 1360 instead of or in addition to being a component of the network connectivity
devices 1320.

[0093] In an embodiment, a method is provided for reporting power headroom-related

information for a plurality of aggregated carriers. The method includes reporting In a
bitmap the power headroom-related information for a number of the aggregated carriers
that is less than or equal to the total number of aggregated carriers, wherein the power
headroom-related information is one of a power headroom for at least one of the
aggregated carriers and a path loss for at least one of the aggregated carriers.

[0094] In another embodiment, a user agent Is provided. The user agent includes a
component configured such that the user agent transmits in a bitmap power headroom-
related information for a number of aggregated carriers that Is less than or equal to the total

number of aggregated carriers In a plurality of aggregated carriers, wherein the power
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headroom-related information is one of a power headroom for at least one of the
aggregated carriers and a path loss for at least one of the aggregated carriers.

[0095] In another embodiment, an access node in a wireless telecommunications
system is provided. The access node includes a component configured such that the
access node receives in a bitmap power headroom-related information for a number of
aggregated carriers that is less than or equal to the total number of aggregated carriers in a
plurality of aggregated carriers, wherein the power headroom-related information is one of
a power headroom for at least one of the aggregated carriers and a path loss for at least
one of the aggregated carriers.

[0096] In another embodiment, a method is provided for reporting power headroom-
related information for a plurality of aggregated carriers. The method comprises reporting
the power headroom-related information for a number of the aggregated carriers that Is
less than or equal to the total number of aggregated carriers, wherein the power
headroom-related information is one of a power headroom for at least one of the
aggregated carriers and a path loss for at least one of the aggregated carriers. The
method or portions of the method may be carried out by a UA and/or an access node.
[0097] In another embodiment, a method is provided for reporting power headroom for
a plurality of aggregated carriers. The method comprises transmitting a power headroom
value that is one of a power headroom for a reference carrier in the aggregation of carriers
and a function of power headroom values for the aggregation of carriers. The method
further comprises, for each of the remaining carriers in the aggregation of carriers,
reporting a variation of the power headroom from the transmitted power headroom value.
The method or portions of the method may be carried out by a UA and/or an access node.
[0098] In another embodiment, a method I1s provided for determining which carrier
among a plurality of aggregated carriers Is to be used for derivation of a path loss. The
method comprises basing the determination on at least one of a downlink component
carrier that is linked to an uplink component carrier In broadcast system information and a
downlink component carrier that has been designated for path loss derivation. The method

or portions of the method may be carried out by a UA and/or an access node.
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[0099] The following are relevant to the present disclosure: 3rd Generation Partnership
Project (3GPP) Technical Specification (TS) 36.211, 3GPP TS 36.213, 3GPP TS 36.321,
and 3GPP Technical Report (TR) 25.942.

[00100] While several embodiments have been provided In the present disclosure, it
should be understood that the disclosed systems and methods may be embodied in many
other specific forms without departing from the present disclosure. The present examples
are to be considered as illustrative and not restrictive, and the intention 1s not to be limited
to the details given herein. For example, the various elements or components may be
combined or integrated in another system or certain features may be omitted, or not
implemented.

[00101] Also, techniques, systems, subsystems and methods described and lillustrated In
the various embodiments as discrete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing from the scope of the present
disclosure. Other items shown or discussed as coupled or directly coupled or
communicating with each other may be indirectly coupled or communicating through some
interface, device, or intermediate component, whether electrically, mechanically, or
otherwise. Other examples of changes, substitutions, and alterations are ascertainable by
one skilled in the art and could be made without departing from the present disclosure.
The scope of protection being sought is defined by the following claims rather than the
described embodiments in the foregoing description. The scope of the claims should not

be limited by the described embodiments set forth in the examples, but should be given the

broadest interpretation consistent with the description as a whole.
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CLAIMS

1. A method for reporting power headroom-related information for a plurality of
carriers, comprising:
reporting in a media access control (MAC) control element power headroom-
related information for a number of the aggregated carriers that Is less
than or equal to a total number of aggregated carriers; and
reporting in the MAC control element a bitmap, each one of the number of
aggregated carriers corresponding to one of the bits in the bitmap, one
value in the bitmap indicating that the power headroom-related
information for a corresponding carrier is being reported, and another

value in the bitmap indicating that the power headroom-related

information for a corresponding carrier is not being reported.

2. The method of claim 1, wherein the power headroom-related information Is

power headroom information.

3. The method of claim 1, wherein the power headroom-related information is

path loss information.

4. The method of claim 1, wherein each carrier is associated with a carrier index.

5. The method of claim 1, wherein the reporting of the power headroom-related

information is triggered by one of:
a change in the path loss of a reporting carrier among the aggregation of

carriers greater than a pre-defined amount since a previous power

headroom report;
addition of a carrier to the aggregation of carriers; and

expiration of a timer that controls periodic power headroom reports.

0. The method of claim 1, wherein the power headroom-related information Is

reported as a result of one of:
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a difference in path loss between consecutive measurements of path loss for

one of the carriers exceeding a threshold;

a transmission on a carrier’s physical uplink shared channel being scheduleaq;

and

a power headroom for a carrier exceeding a threshold.

7. The method of claim 1, wherein a physical uplink control channel (PUCCH)-

related power headroom is transmitted in the MAC control element when power

headroom reporting is triggered and a physical uplink shared channel (PUSCH)

resource is scheduled.

8. The method of claim 7, wherein, when the PUCCH is transmitted in the same
subframe in which the PUCCH-related power headroom is reported, the PUCCH-

related power headroom is calculated based on an actual transmit power of the
PUCCH.

9. The method of claim 1, wherein the bitmap includes at least five bits.

10. The method of claim 1, further comprising receiving power control commands for

a plurality of the aggregated carriers.

11. A user agent (UA), comprising:
a processor; and
a computer readable medium configured to store instructions such that when
executed by the processor, the UA transmits in a media access control
(MAC) control element power headroom-related information for a
number of aggregated carriers that is less than or equal to the total

number of aggregated carriers in a plurality of aggregated carriers,

and

wherein the UA transmits in the MAC control element a bitmap, each bit in the
bitmap corresponding to one of the aggregated carriers, one value In
the bitmap indicating that the power headroom-related information for a

corresponding carrier is being transmitted, and another value in the
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bitmap indicating that the power headroom-related information for a

corresponding carrier is not being transmitted.

12.  The UA claim 11, wherein the power headroom-related information is power

headroom information.

13.  The UA of claim 11, wherein the power headroom-related information is path

loss information.

14 The UA of claim 11, wherein each carrier is associated with a carrier inaex.

15. The UA of claim 11, wherein the transmitting of the power headroom-related

information is triggered by one of:
a change in the path loss of a reporting carrier among the aggregation of

carriers greater than a pre-defined amount since a previous power

headroom report;
addition of a carrier to the aggregation of carriers; ana

expiration of a timer that controls periodic power headroom reports.

10. The UA of claim 11, wherein the power headroom-related information is

transmitted as a result of one of:
a difference in path loss between consecutive measurements of path loss for

one of the carriers exceeding a threshold;
a transmission on a carrier’s physical uplink shared channel being scheduled;

and
a power headroom for a carrier exceeding a threshold.

17. The UA of claim 11, wherein a physical uplink control channel (PUCCH)-

related power headroom is transmitted in the MAC control element when power

headroom reporting is triggered and a physical uplink shared channel (PUSCH)

resource is scheduled.
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18. The UA of claim 17, wherein, when the PUCCH is transmitted in the same
subframe in which the PUCCH-related power headroom is reported, the PUCCH-

related power headroom is calculated based on an actual transmit power of the
PUCCH.

19. The UA of claim 11, wherein the bitmap includes at least five bits.
20. The UA of claim 11, wherein the computer readable medium is further

configured to store instructions such that when executed by the processor, the UA

receives power control commands for a plurality of the aggregated carriers.
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