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UPLINK POWER SHARING CONTROL

Background

[0001] As the demand for wireless data communication using wireless user equipments

(UEs) has increased, wireless access service providers are increasingly facing challenges in

meeting capacity demands in regions where the density of users is relatively high. To address

capacity issues, small cells have been developed. A small cell (or multiple small cells) can

operate within a coverage area of a larger cell, referred to as a macro cell. A small cell has a

coverage area that is smaller than the coverage area of the macro cell.

[0002] If small cells are deployed, then communications with UEs can be offloaded from

the macro cell to the small cells. In this way, data communication capacity is increased to

better meet data communication demands in regions of relatively high densities of UEs.

Summary

[0003] In general, according to some implementations, a method of a user equipment

(UE) comprise detecting that an aggregate of calculated uplink transmit power of the UE

exceeds a threshold, and in response to the detecting, adjusting a power of at least one of a

plurality of frequency-division multiplexing (FDM)-based uplink transmissions of the UE

over corresponding wireless connections with respective wireless access network nodes.

[0004] In general, according to further implementations, a wireless access network node

comprises a communication component to communicate wirelessly with a UE, and at least

one processor configured to use information relating to uplink power sharing control at the

UE to process an uplink transmission from the UE, where the uplink transmission is one of a

plurality of frequency-division multiplexing (FDM)-based uplink transmissions over

corresponding wireless connections with respective wireless access network nodes.

[0005] In general, according to further implementations, a UE includes a communication

component to communicate wirelessly with a wireless access network node, and at least one

processor configured to detect that an aggregate of calculated uplink transmit power of the

UE exceeds a threshold, and in response to the detecting, adjust a power of at least one of a



plurality of frequency-division multiplexing (FDM)-based uplink transmissions of the UE

over corresponding wireless connections with respective wireless access network nodes.

[0006] Other or alternative features will become apparent from the following description,

from the drawings, and from the claims.

Brief Description Of The Drawings

[0007] Some embodiments are described with respect to the following figures.

[0008] Fig. 1 is a schematic diagram of an example arrangement that includes macro cells

and small cells, in accordance with some implementations.

[0009] Fig. 2 is a flow diagram of an uplink transmit power sharing control process

according to some implementations.

[0010] Figs. 3-15 are schematic diagrams of applying uplink transmit power sharing

control to concurrent uplink transmissions from a UE, according to various implementations.

[001 1] Fig. 16 is a block diagram of an example computing system that is able to

incorporate some implementations.

Detailed Description

[0012] Fig. 1 illustrates an example arrangement that includes network nodes that are part

of a mobile communications network that supports wireless communications with user

equipments (UEs). A node can refer to an electronic device that is capable of sending,

receiving, and forwarding information over a communication channel, and of performing

designated tasks. A macro cell 102 corresponds to a coverage area provided by a macro

wireless access network node 104. A coverage area can refer to a region where mobile

services can be provided by a network node to a target level. A wireless access network node

is responsible for performing wireless transmissions and receptions with UEs. In addition, a

number of small cells 106 are depicted as being within the coverage area of the macro cell

102. Each small cell 106 corresponds to a coverage area provided by a respective small cell

wireless access network node 108. One of the small cells is labeled 106-1, and the

corresponding small cell wireless access network node is labeled 108-1.



[0013] In the ensuing discussion, a small cell can refer to a cell whose coverage area is

smaller than the coverage area provided by a larger cell, which is also referred to as a macro

cell. In some examples, the frequency at which the macro wireless access network node 104

operates can be lower than that of a small cell wireless access network node 108. A lower

frequency allows a greater geographic reach for wireless signals transmitted by the macro

wireless access network node 104. On the other hand, at a higher frequency, wireless signals

transmitted by the small cell wireless access nodes 108 propagate smaller distances. As a

result, small cells 106 can be deployed in relatively close proximity to each other.

[0014] More generally, the macro cell 102 can use a frequency that is different from one

or more frequencies of the small cells 106. At least some of the small cells 106 can use

different frequencies.

[0015] A wireless user equipment (UE) 110 within the coverage area of the small cell

106-1 is able to wirelessly communicate with the small cell wireless access network node

108-1 . The UE 110 is also able to wirelessly communicate with the macro wireless access

network node 104. Examples of the UE 110 can include any of the following: a smart

phone, a personal digital assistant, a notebook computer, a tablet computer, or any other

device that is capable of wireless communications. Although just one UE 110 is depicted in

Fig. 1, it is noted that multiple UEs may be present in coverage areas of each of the small

cells 106 as well as within the coverage area of the macro cell 102.

[0016] Also, although reference is made to macro and small cell wireless access network

nodes in the present discussion, it is noted that techniques or mechanisms according to some

implementations can also be applied to other types of wireless access network nodes, such as

in deployments without small cells.

[0017] A first wireless connection 112 can be established between the UE 110 and the

small cell wireless access network node 108-1. In addition, a second wireless connection 114

can be established between the UE 110 and the macro wireless access network node 104. In

such an arrangement, the UE 110 is considered to have established dual concurrent wireless

connections with the macro wireless access network node 104 and the small cell wireless

access network node 108-1 . In other examples, the UE 110 can establish multiple concurrent



wireless connections with the macro wireless access network node 104 and with multiple

small cell wireless access network nodes 108.

[0018] Fig. 1 also shows a backhaul link 116 between the macro wireless access network

node 104 and each of the small cell wireless access network nodes 108. The backhaul link

116 can represent a logical communication link between two nodes; the backhaul link 116

can either be a direct point-to-point link or can be routed through another communication

network or node. In some examples, the backhaul link 116 is a wired link. In other

examples, the backhaul link 116 is a wireless link.

[0019] In some implementations, the macro cell 102 (and more specifically the macro

wireless access network node 104) can provide all of the control plane functions, while a

small cell 106 (more specifically the corresponding small cell wireless access network node

108) provides at least a portion of the user plane functions for a dual-connection capable UE

(a UE that is capable of concurrently connecting to both macro and small cells). Note that the

macro wireless access network node 104 can also provide user plane functions for the dual-

connection capable UE.

[0020] Control plane functions involve exchanging certain control signaling between the

macro wireless access network node 104 and the UE 110 to perform specified control tasks,

such as any or some combination of the following: network attachment of a UE,

authentication of the UE, setting up radio bearers for the UE, mobility management to

manage mobility of the UE (mobility management includes at least determining which

infrastructure network nodes will create, maintain or drop uplink and downlink connections

carrying control or user plane information as a UE moves about in a geographic area),

performance of a handover decision based on neighbor cell measurements sent by the UE,

transmission of a paging message to the UE, broadcasting of system information, control of

UE measurement reporting, and so forth. Although examples of control tasks and control

messages in a control plane are listed above, it is noted that in other examples, other types of

control messages and control tasks can be provided. More generally, the control plane can

perform call control and connection control functions, and can provide messaging for setting

up calls or connections, supervising calls or connections, and releasing calls or connections.



[0021] User plane functions relate to communicating traffic data (e.g. voice data, user

data, application data, etc.) between the UE and a wireless access network node. User plane

functions can also include exchanging control messages between a wireless access network

node and a UE associated with communicating the traffic data, flow control, error recovery,

and so forth.

[0022] A small cell connection can be added to or removed from a UE under the control

of the macro wireless access network node 104. In some implementations, the action of

adding or removing a small cell for a UE can be transparent to a core network 118 of the

mobile communications network. The core network 118 includes a control node 120 and one

or more data gateways 122. The data gateway(s) 122 can be coupled to an external packet

data network (PDN) 124, such as the Internet, a local area network (LAN), a wide area

network (WAN), and so forth.

[0023] Note that a legacy UE (a UE that is not capable of establishing multiple concurrent

wireless connections with both a macro cell and one or more small cells) can connect to

either a macro cell or a small cell using traditional wireless connection techniques.

[0024] When a UE moves under the coverage of a small cell 106, the macro wireless

access network node 104 may decide to offload some of the user plane traffic to the small

cell. This offload is referred to as a data offload. When a data offload has been performed

from the macro cell 104 to the small cell 106, then a UE that has a dual connection can

transmit or receive data to and from the corresponding small cell wireless access network

node 108. Additionally, the UE 110 can also communicate user plane traffic with the macro

wireless access network node 104. Although reference is made to data offload to one small

cell, it is noted that in other examples, the macro cell 104 can perform data offload for the UE

110 to multiple small cells.

[0025] In some examples, the data offload causes the offloaded data to be communicated

between the macro wireless access network node 104 and the respective small cell wireless

access network node 108 over the respective backhaul link 116. In this case, the data offload

involves the macro cell 102, without involving the core network 118. In other words, the

data offload is transparent to the core network 118.



[0026] In other examples, the data offload may be performed at the data gateway 122,

such as a serving gateway (discussed further below). In this case, the serving gateway can

send some of the UE's user plane traffic directly to the small cell wireless access network

node 108 over a link between the small cell wireless access network node 108 and the data

gateway 122, such as the Sl-U link according to the Long-Term Evolution (LTE) standards.

In this case, the data offload is visible to the core network 118.

[0027] As another example, the data gateway 122 can send data to the small cell wireless

access network node 108 via the macro wireless access network node 104. In this case, the

macro wireless access network node 104 acts as a router for forwarding data communicated

between the data gateway 122 and the small cell wireless access network node 108.

[0028] A total uplink transmit power threshold can be specified for uplink transmissions

of a UE to the network. In implementations where a UE has concurrent wireless connections

with multiple wireless access network nodes (e.g. multiple concurrent connections with the

macro wireless access network node 104 and one or more small cell wireless access network

nodes 108), it may be possible for the uplink transmissions over the multiple wireless

connections to cause power to exceed the total uplink transmit power threshold.

[0029] In accordance with some implementations, techniques or mechanisms are provided

to allow for control of the power of uplink transmissions from a UE such that the total power

of the uplink transmissions of the UE no longer exceeds the total uplink transmit power

threshold. Such control can be referred to as uplink transmit power sharing control.

[0030] In scenarios where there are concurrent wireless connections with multiple

wireless access network nodes, uplink transmit power sharing control can be complicated by

the fact that one wireless access network node is not aware of control signals that have been

scheduled by another wireless access network node for uplink transmission by a UE. This is

especially true in deployments where the backhaul link (e.g. 116 in Fig. 1) between wireless

access network nodes has a relatively high latency, which prevents the wireless access

network nodes from informing each other in a timely manner of how the wireless access

network nodes are interacting with UEs.



[003 1] In an example, the UE (which has concurrent wireless connections with multiple

wireless access network nodes) may drop transmission of a given uplink control signal to

reduce uplink transmit power. However, a wireless access network node may not be able to

determine whether an undetected uplink control signal within a given transmission time

period was dropped by the UE as part of uplink transmit power sharing control, or was lost

due to an uplink transmission error (because of poor wireless link conditions or for another

reason). This is due to the fact that each of the multiple wireless access network nodes has a

respective scheduler, such as a Medium Access Control (MAC) scheduler, for scheduling

uplink control signals for transmission by the UE.

[0032] In contrast, in a traditional carrier aggregation scenario, just one wireless access

network node would be involved; as a result, a scheduler, e.g. MAC scheduler, in the wireless

access network node is able to determine what uplink control signals have been scheduled by

the scheduler for uplink transmissions. In a single-wireless access network node carrier

aggregation scenario, the wireless access network node is able to predict whether an

undetected control signal was dropped due to uplink transmit power sharing control at a UE.

Note that with carrier aggregation, the component carriers of the carrier aggregation share the

same MAC layer and upper layers above the MAC layer in the wireless access network node.

Different physical layers are provided for the different component carriers.

[0033] In accordance with some implementations, in arrangements where a UE has

concurrent wireless connections with multiple wireless access network nodes, prioritization

rules can be specified for uplink transmit power sharing control so that each eNB is able to

determine what to expect from the UE on an uplink. Various prioritization rules are

described further below. A prioritization rule can be pre-configured in the UE.

Alternatively, a prioritization rule can be signaled by an eNB to the UE.

[0034] When receiving an uplink transmission from a UE, an eNB is able to process the

received uplink transmission based on information relating to uplink transmit power sharing

control at the UE. For example, the information relating to the uplink transmit power sharing

control can be at least one prioritization rule used by the UE for adjusting one or more uplink

transmissions when a power threshold is exceeded. In this way, the eNB is able to accurately

detect the received uplink transmission. For example, the eNB would be able to determine



when an uplink transmission's power has been lowered, or when an uplink transmission has

been dropped.

[0035] Fig. 2 illustrates an example uplink transmit power sharing control process that can

be performed by a UE according to at least one prioritization rule. The UE detects (at 202)

that an aggregate of calculated uplink transmit power (or total calculated uplink transmit

power) of concurrent uplink transmissions of the UE over wireless connections (that involve

multiple wireless access network nodes) exceeds a threshold. A UE is able to calculate

uplink transmit power for each of the concurrent uplink transmissions. Concurrent uplink

transmissions refer to uplink transmissions of the UE where at least some portion of the

uplink transmissions overlap one another in time (in other words, the uplink transmissions

can overlap partially or fully). Each of at least two of the wireless access network nodes

includes a corresponding separate scheduler (e.g. MAC scheduler) for individually

scheduling uplink transmissions of the UE.

[0036] In some implementations, the uplink transmissions are frequency-division-

multiplexing (FDM)-based uplink transmissions. FDM is a technique by which a frequency

bandwidth can be divided into non-overlapping frequency sub-bands, which can be used to

carry uplink transmissions. Each uplink transmission may utilize one or more frequency sub-

bands. Examples of FDM techniques include orthogonal FDM (OFDM) techniques, single-

carrier frequency-division multiple access (SC-FDMA) techniques, and so forth. More

generally, an FDM-based uplink transmission refers to an uplink transmission that is carried

in a frequency portion(s). Furthermore, after two FDM-based uplink transmissions are

constructed, they may be mapped to share the same carrier frequency, or mapped to different

carrier frequencies.

[0037] In response to detecting that the aggregate of calculated uplink transmit power

exceeds the threshold, the process of Fig. 2 adjusts (at 204) a power of at least one of the

uplink transmissions of the UE over the corresponding wireless connections with respective

wireless access network nodes. In some implementations, the adjusting is according to at

least one prioritization rule specifying priorities of the uplink transmissions. The adjusting of

power of at least one of the multiple uplink transmissions of the UE can include one or more

of the following: (1) reducing the power (also referred to as "scaling down" or simply



"scaling" of the power) of the at least one uplink transmission; or (2) dropping the at least

one uplink transmission.

[0038] A UE can establish just one wireless connection with a wireless access network

node, or multiple concurrent wireless connections with the wireless access network node.

For example, the wireless access network node can provide carrier aggregation, which allows

a UE to communicate with the wireless access network node using multiple component

carriers (at respective different frequencies) provided by the wireless access network node.

The component carriers are aggregated together to provide carrier aggregation. The UE can

establish multiple concurrent wireless connections with the wireless access network node on

the respective component carriers.

[0039] One or more cells can be provided on a given component carrier. In the context of

carrier aggregation, a "cell" can refer generally to a coverage area provided by a wireless

access network node on the respective component carrier. One of the component carriers is

configured as a primary cell, or Pcell, while the remaining component carrier(s) is (are)

configured as secondary cell(s), or Scell(s). The primary cell is used to communicate certain

control information to UEs served by the primary cell.

[0040] If carrier aggregation is not performed, then each of multiple concurrent wireless

connections of a UE is established with an individual corresponding wireless access network

node. On the other hand, if at least one wireless access network node supports carrier

aggregation, then a subset of the multiple concurrent wireless connections are established

over component carriers of the wireless access network node that supports carrier

aggregation. A remainder of the multiple wireless connections is (are) established with at

least one other wireless access network node. For example, concurrent uplink transmissions

over wireless connections with multiple wireless access network nodes can include multiple

uplink transmissions over wireless connections with different component carriers (cells) of a

first wireless access network node, and an uplink transmission over a wireless connection

with a second wireless access network node.

[0041] The prioritization rule specifying priorities of the uplink transmissions can specify

priorities of uplink transmissions over wireless connections provided over different

component carriers as well as with multiple wireless access network nodes.



[0042] In the ensuing discussion, reference is made to mobile communications networks

that operate according to the Long-Term Evolution (E-UTRA) standards as provided by the

Third Generation Partnership Project (3GPP). The E-UTRA standards are also referred to as

the Evolved Universal Terrestrial Radio Access (E-UTRA) standards.

[0043] Although reference is made to E-UTRA in the ensuing discussion, it is noted that

techniques or mechanisms according to some implementations can be applied to other

wireless access technologies.

[0044] In an E-UTRA network, a wireless access network node can be implemented as an

enhanced Node B (eNB), which includes functionalities of a base station and base station

controller. Thus, in an E-UTRA network, a macro wireless access network node is referred

to as a macro eNB. In an E-UTRA network, small cell wireless access network nodes can be

referred to as small cell eNBs.

[0045] In an E-UTRA network, the control node 120 in the core network 118 can be

implemented as a mobility management entity (MME). An MME is a control node for

performing various control tasks associated with an E-UTRA network. For example, the

MME can perform idle mode UE tracking and paging, bearer activation and deactivation,

selection of a serving gateway (discussed further below) when the UE initially attaches to the

E-UTRA network, handover of the UE between macro eNBs, authentication of a user,

generation and allocation of a temporary identity to a UE, and so forth. In other examples,

the MME can perform other or alternative tasks.

[0046] In an E-UTRA network, the data gateway(s) 122 of the core network 118 can

include a serving gateway (SGW) and a packet data network gateway (PDN-GW). The SGW

routes and forwards traffic data packets of a UE served by the SGW. The SGW can also act

as a mobility anchor for the user plane during handover procedures. The SGW provides

connectivity between the UE and the PDN 124. The PDN-GW is the entry and egress point

for data communicated between a UE in the E-UTRA network and a network element

coupled to the PDN 124. There can be multiple PDNs and corresponding PDN-GWs.

Moreover, there can be multiple MMEs and SGWs.



[0047] The eNBs that a UE connects to may use different configurations. In a first

example, the UE may connect to a first eNB in a frequency division duplex (FDD) mode and

a second eNB in a time division duplex (TDD) mode. In FDD mode, uplink and downlink

transmissions are separated in the frequency domain, by transmitting uplink data using a first

carrier frequency, and transmitting downlink data using a second carrier frequency. In TDD

mode, both uplink and downlink transmissions occur on the same carrier frequency; however,

uplink and downlink transmissions are separated in the time domain, by sending uplink and

downlink transmissions in different time periods.

[0048] In another example, the UE may connect to multiple eNBs in TDD mode;

however, the connections to the multiple eNBs may employ different TDD uplink-downlink

configurations. In TDD mode, one of several different uplink-downlink configurations may

be used for communications between a UE and an eNB. A particular uplink-downlink

configuration can specify that, within a frame, a first subset of subframes in the frame is used

for uplink transmissions, and a second subset of subframes in the frame is used for downlink

transmissions. Different uplink-downlink configurations can employ different numbers of

uplink and downlink subframes. A subframe refers to a segment of an overall frame that is

used for carrying data and control information, where the segment has a specified time

length.

[0049] In another example, at least one eNB may deploy carrier aggregation, such that the

eNB provides multiple serving cells corresponding to the multiple component carriers of the

carrier aggregation. The different serving cells have use TDD uplink-downlink

configurations.

[0050] In the various examples above as well as in other examples, the uplink transmit

power of a UE is shared between all concurrent uplink transmissions. Some dual-connection

examples (where the UE is concurrently connected to eNBl and eNB2) are provided below:

• Both eNBl and eNB2 operate in the FDD mode. In this scenario, the uplink transmit

power sharing is applied to all uplink subframes that the UE simultaneously transmit

to eNBl and eNB2. For full duplex communications (where uplink and downlink

transmissions can simultaneously occur), the uplink transmit power sharing applies to

all scheduled uplink subframes. For half duplex communications (where uplink and



downlink transmissions occur at different times), the uplink transmit power sharing

applies to the subframes dedicated to uplink transmission (instead of downlink

transmissions).

• eNBl operates in the FDD mode, and eNB2 operates in the TDD mode. During times

when the UE is transmitting uplink subframes to eNB2, the uplink transmit power

sharing control is applied to the concurrent uplink subframes sent to both eNBl and

eNB2. During times when the UE is transmitting uplink subframes to only eNBl, all

of the uplink power is available for the wireless connection(s) with eNB 1.

• Both eNBl and eNB2 operate in the TDD mode, but the uplink-downlink

configurations of eNBl and eNB2 are different. During times when the UE is

sending uplink subframes to both eNBl and eNB2, the uplink transmit power sharing

control is applied across the two eNBs. However, during times when the UE is

sending uplink subframes to just one of the two eNBs, all of the uplink power is

available for the wireless connection(s) with the one eNB.

[005 1] There are various example total uplink transmit power thresholds that may be

exceeded by multiple concurrent uplink transmissions by a UE over respective wireless

connections involving two or more eNBs. An example total uplink transmit power threshold

owerc i ' which is a maximum uplink transmit power threshold specified by an eNB for a

given UE power class. Another example total uplink transmit power threshold is P CMAX ,

which can be configured by a UE.

[0052] The following describes various solutions that can be applied. Some of the

solutions are applicable in cases where a UE's uplink timings to multiple eNBs are aligned.

More specifically, the boundaries of uplink subframes communicated by the UE to the eNBs

are time aligned from the UE's perspective. Time alignment of subframes (from the UE's

perspective) can occur when the eNBs are time synchronized with each other, and the

distances between the UE and the eNBs are approximately the same.

[0053] Other solutions described above are applicable to cases where a UE's uplink

timings to multiple eNBs are not aligned. For example, the uplink subframes from the UE to

the multiple eNBs may not have their subframe boundaries aligned from the UE's



perspective. Misalignment can occur when the eNBs are not time synchronized with each

other. Even in cases where the eNBs are time synchronized, the uplink subframes to the

eNBs may not be aligned due to substantially different distances from the eNBs to the UE

(which results in different timing advances for the UE's communications with the respective

eNBs).

[0054] Furthermore, an eNB that the UE is connected to can further be configured with

carrier aggregation. The serving cells provided by the component carriers of the eNB can

belong to different timing advance groups. Different timing advances are applied in the

different timing advance groups due to the different propagation delays for communications

of the UE with the different serving cells. The different propagation delays in the different

serving cells means that the uplink subframes of the UE sent in the different serving cells

would be timing misaligned.

[0055] Solution 1

[0056] Solution 1 is applicable to cases where a UE has concurrent uplink transmissions

of certain control and traffic channels, such as a physical uplink control channel (PUCCH)

and a physical uplink shared channel (PUSCH). Solution 1 can be applied for cases where

the uplink timings to different serving eNBs are aligned.

[0057] A PUCCH is used to carry certain types of uplink control information (UCI). UCI

includes as examples, a scheduling request (SR), an Ack/Nack (acknowledgement or negative

acknowledgment) of receipt of downlink data, a channel state information (CSI) for

indicating a channel condition, such as modulation level and coding rate, rank and precoding

matrix indications in case of multiple transmit antennas deployment at an eNB, as observed

by the UE, and so forth. UCI can be carried by PUCCH or PUSCH.

[0058] A PUSCH is used to carry traffic data. In addition, uplink control information

(UCI) can also be embedded in the PUSCH. The UCI can include the same control signaling

as carried in a PUCCH. Note that a PUSCH can be sent with or without UCI.

[0059] In the ensuing discussion, it is assumed that the UE has PUCCH transmission(s) on

a set of one or more serving cells J , PUSCH transmission(s) with UCI on a set of one or more

serving cells K , and PUSCH transmission(s) without UCI on one or more other serving cells



C. A "serving cell" can refer to a cell provided by a single-carrier eNB, or a cell provided by

a component carrier from among multiple component carriers of a carrier aggregation

provided by an eNB. In other examples, other combinations of uplink transmissions can be

made by the UE.

[0060] In the foregoing scenario, if the total (aggregate) transmit power of the UE is

detected to exceed a threshold, such as PCMAX (i) , the UE may prioritize the uplink

transmissions in the following order, where (1) indicates a highest priority level, and (5)

indicates a lowest priority level:

(1) PUCCH transmission with Ack/Nack (with or without CSI, e.g. PUCCH format

la, lb, 2a, 2b, or 3);

(2) PUSCH transmission with Ack/Nack (with or without CSI);

(3) PUSCH transmission with CSI only, without Ack/Nack;

(4) PUCCH transmission with CSI only, without Ack/Nack (e.g. PUCCH format 2);

(5) PUSCH transmission without UCI.

[0061] The foregoing provides an example of a prioritization rule. Although a specific

number of different types of uplink transmissions with respective different priority levels are

listed above, there can be different numbers of different types of uplink transmissions with

corresponding priority levels in other examples.

[0062] According to the foregoing prioritization rule, a PUCCH or a PUSCH that carries

acknowledgement information (e.g. ACK/NACK) is assigned a higher priority because a loss

of the acknowledgement information would cause either PUSCH retransmission of downlink

packets, or downlink packet loss if the maximum number of retransmissions has been

reached.

[0063] Periodic CSI reports are carried on a PUCCH, and aperiodic CSI reports are

carried on a PUSCH. Aperiodic CSI reporting is considered to be more important than

periodic CSI information, and thus a PUSCH carrying CSI (but no Ack/Nack) is assigned a

higher priority than a PUCCH carrying CSI (but no Ack/Nack). A PUSCH without any UCI

is assigned a lowest priority.



[0064] If there is a group of multiple uplink transmissions from the UE to respective

serving cells within each priority level, then one of two different power sharing techniques

can be applied to this group of uplink transmissions. With a first technique, equal power

scaling can be applied, where the same factor is applied to each uplink transmission of the

group. With a second technique, cell-dependent power scaling can be applied, where factors

applied to the uplink transmissions of the group depend on the respective serving cells. For

example, a first factor can be applied to an uplink transmission of the group to a first serving

cell, while a second factor can be applied to an uplink transmission of the group to a second

serving cell. For example, a first uplink transmission of the group to the first serving cell can

include a PUSCH carrying delay-sensitive traffic data (e.g. voice-over-Internet Protocol

traffic data), while a second uplink transmission of the group to the second serving cell can

include a PUSCH carrying delay-insensitive traffic data (e.g. web browsing traffic). In this

case, the cell-dependent power scaling applies a greater factor to the first uplink transmission

than a factor applied to the second uplink transmission. For example, let P and P be

respectively the desired transmit power of the first uplink transmission and the desired

transmit power of the second uplink transmission, and and 2P2 be respectively the

actual transmit power of the first uplink transmission and the actual transmit power of the

second uplink transmission after scaling, then the factor w is greater than the factor w .

[0065] Alternatively, instead of or in addition to defining priority levels for different types

of uplink transmissions as discussed above, prioritization can be based on eNBs to which the

uplink transmissions are sent. For example, uplink transmission(s) to a first eNB may be

assigned a higher priority than uplink transmission(s) to a second, different eNB.

[0066] For the following discussions, it is assumed that the UE may have the following

concurrent uplink transmissions in subframe i:

• PUCCH transmission(s) with Ack/Nack on a set of one or more serving cells J c J ;

• PUCCH transmission(s) without Ack/Nack on one or more serving cells J 2 = J —J

• PUSCH transmission(s) with UCI containing Ack/Nack on a set of one or more

serving cells K K



• PUSCH transmission(s) with UCI not containing Ack/Nack on a set of one or more

serving cells K 2 = K —K

• PUSCH transmission(s) without UCI on a set of one or more serving cells .

[0067] Acknowledgement information that can be carried in a PUCCH transmission or

PUSCH transmission includes Ack for positively acknowledging receipt of a downlink

subframe, or a Nack to negatively acknowledge receipt of a downlink subframe (in other

words, Nack indicates to the eNB that the downlink subframe sent by the eNB was not

successfully received by the UE). Note that in the figures, for simplicity, PUSCH carrying

uplink control information other than Ack/Nack is labeled as "PUSCH with CSI UCI", which

may include SR or other uplink control information.

[0068] In accordance with some implementations, Solution 1 causes the power of uplink

transmissions with lower priority to be adjusted (by either reducing the power of the lower

priority uplink transmission or dropping the uplink transmission altogether), to bring the total

uplink transmission power within a specified threshold. Adjusting the power of lower

priority uplink transmissions protects higher priority uplink transmissions, to ensure that

higher priority uplink transmissions can be successfully received by the network.

[0069] Fig. 3 shows an example in which multiple carriers (1-6) are used for carrying

respective uplink transmissions. It is assumed that the uplink transmissions are concurrent

transmissions in subframe i . Carriers 1-6 can be carriers associated with different eNBs. In

some examples, two or more of the carriers can be component carriers of a carrier

aggregation provided by one eNB. Thus, the six carriers depicted in the example of Fig. 3

can be provided by two or more eNBs.

[0070] In a first scenario, if the total uplink power of the UE would exceed PCMAX i) , the

UE scales down (at 302) the power i¾>uscH (0 f r a serving cell c C in subframe i such

that the condition



is satisfied, where -fpuSCH,c ( is the linear value of the target transmit power

for serving cell c C (power of PUSCH without UCI), puccH (0 s e linear value of the

target transmit power - PU H ( for serving cell J (power of PUCCH), PUSCH is

the linear value of the target transmit power puscH , (0 for serving cell k e K (power of

PUSCH carrying UCI), and 0 < w (i) < 1is a power scaling factor of ^PUSCH,c (0 fo serving

cell c C .

[0071] As depicted in Fig. 3, the power scaling (at 302) causes a reduction of the power of

the PUSCH transmissions on carriers 5 and 6 (these are the uplink transmissions that do not

carry UCI).

[0072] In some examples, the parameter c (i) can be independent of serving cell c . In

this case, the remaining power (power remaining after uplink transmissions of PUCCH(s) and

PUSCH(s) carrying UCI) is equally divided among the PUSCH transmissions that do not

carry UCI. Alternatively, the parameter wc (i) can be based on factors such as the path loss to

the serving cell c . For example, the PUSCH transmission to a close-in eNB may be assigned

a higher priority. As another example, wc (i) can be based on a quality-of-service (QoS)

configuration associated with each PUSCH. For example, delay-sensitive traffic may be

prioritized over delay-insensitive traffic, or an uplink retransmission may be prioritized over

a new uplink transmission.

[0073] The foregoing provides a solution to address the first scenario where the total

uplink power of all of the uplink transmissions of the UE would exceed PCMAX (i) .

[0074] A second scenario applies where

[0075] In this second scenario, just the uplink transmissions of PUCCH and PUSCH with

UCI would cause the power threshold to be exceeded; in other words, even if the UE does not



transmit any PUSCH without UCI, the power threshold would still be exceeded by the

remaining uplink transmissions. In this second scenario, as shown in Fig. 4, the UE drops (at

402) PUSCH transmission without UCI, which in Fig. 4 are provided on carriers 5 and 6 . In

addition, the UE scales down (at 404) PUCCH ) without Ack/Nack for the serving cells

J 2 in subframe zsuch that the condition

v - PUSCH, k

is satisfied , where 0 < v .( ) < 1 is a scaling factor of PP CC (z) for serving cell j J .

[0076] In a third scenario, the total uplink power of the PUCCH(s) carrying

acknowledgement information (Ack/Nack) and the PUSCH(s) carrying UCI would exceed

the power threshold, as expressed by

CMAX (0 Σ -^PUCCH, j (0 Σ PUSCH, k (0 < 0
jeJ keK

[0077] In this third scenario, as shown in Fig. 5, the following uplink transmissions are

dropped (at 402, 502): the PUSCH transmissions without UCI on carriers 5 and 6, and the

PUCCH transmission without Ack/Nack on carrier 3 . The UE scales down (at 504) the

PUSCH transmission(s) with CSI but without Ack/Nack on serving cell(s) K 2 in subframe z

such that the condition

U k (0 ' - PUSCH,* (0 - CMAX (0
_Σ PUCCH,j (0

_ Σ PUSCH, k (0
keK- k K

is satisfied, where 0 ≤ (z) ≤ 1 is a scaling factor of -^puscH,k (0 for serving cell k K2 .

[0078] In a fourth scenario, the total transmission power of PUCCH with Ack/Nack and

PUSCH with Ack/Nack would exceed the power threshold, as expressed by



[0079] In this C i S i S shown in Fig. 6, the following uplink transmissions are dropped (at

402, 502, 602): the PUSCH transmissions without UCI on carriers 5 and 6, the PUCCH

transmission without Ack/Nack on carrier 3, the PUSCH transmission without Ack/Nack on

serving cell K 2 (carrier 4). The PUSCH transmission with Ack/Nack on serving cell can

be scaled down (at 604) such that the condition

is satisfied, where 0 < η1ί i) < 1is a scaling factor of PUscH,k (0 f° r serving cell k &K . If

better protection of channels carrying Ack/Nack is desired, the scaling (at 604) of PUSCH

carrying Ack/Nack can be modified so that it is only applied to resource elements (REs)

carrying data payload. The REs for Ack/Nack in the PUSCH are not power scaled. An RE

refers to an element of a wireless transmission for carrying certain information. In some

examples, an RE can be a modulation symbol, such as an orthogonal frequency-division

multiplexing (OFDM) symbol. More generally, the power scaling (at 604) can be according

to a prioritization rule specifying that a first RE associated with acknowledgement

information contained in an uplink traffic channel transmission has a higher priority than a

second RE associated with traffic data contained in the same uplink traffic channel

transmission.

[0080] In a fifth scenario, just the uplink transmission of PUCCH carrying Ack/Nack

would cause the power threshold to be exceeded, as expressed by

[0081] In this fifth scenario, in addition to dropping (at 402, 502, 602) various uplink

transmissions as discussed above, Fig. 7 also shows that the UE scales down (at 702) the

PUSCH carrying Ack/Nack, and scales down (at 704) the PUCCH carrying Ack/Nack. The



power scaling (at 702) of the PUSCH carrying Ack/Nack is performed differently from the

power scaling (at 604) shown in Fig. 6 . In Fig. 7, the scaling of power involves the UE

setting the power of data REs of the PUSC¾ ( k Κ ) equal to zero. The scaling (at 702,

704) -fpuccH, j (0 f° r j J a n d ^puscH,k (0 f° r subframe i is performed such that

the condition

' PUCCH ,j (0 Σ 7 k (0 · SCH,* ≤ CMA (0

is satisfied, where 0 < λ .(i) < 1is a scaling factor of PUCCH (0 a < (i) < 1 is a scaling

factor of -^usc H,k (0 which is applied to Ack/Nack REs only. The power at data REs of the

PUSCH carrying Ack/Nack is set to zero, i.e. only Ack/Nack REs are transmitted in the

PUSCH transmission.

[0082] Solution 2

[0083] Solution 1 discussed above refers to a solution that can be applied where a UE

transmits PUCCH(s) and PUSCH(s), but not a sounding reference signal (SRS). However,

Solution 2 is applied in cases where SRS is sent by a UE. The SRS is measured by an eNB to

determine uplink channel quality, to determine a timing advance, and for other purposes.

[0084] Solution 2 is also applicable in cases where the UE uplink timings to different

serving eNBs are aligned.

[0085] When PUSCH/PUCCH is transmitted to a first eNB while SRS is transmitted to a

second eNB by a UE in the same subframe i (as shown in Fig. 8), the following options can

be used by the UE, in some implementations.

[0086] In Fig. 8, it is assumed that PUSCH/PUCCH (PUSCH or PUCCH or both) is

carried on carrier 1, while SRS is carried on carrier 2, both in the same subframe i . Carriers 1

and 2 are provided by different eNBs. In a first option (Option 1), SRS is dropped (at 802) if

there is a PUSCH/PUCCH transmission on any component carrier and on any connection in

subframe i of regardless of whether there is a UE power constrained condition or not. A UE



power constrained condition is present if the total uplink power (of various uplink

transmissions of the UE) exceeds a power threshold.

[0087] In a second option (Option 2), SRS is transmitted if there is no power constrained

condition, and scaled if there is a power constrained condition. Effectively, the prioritization

rule for Option 2 specifies that a PUSCH/PUCCH transmission has a higher priority than an

SRS transmission.

[0088] In a third option (Option 3), the PUSCH can be rate matched or a shortened

PUCCH can be used for each subframe that carries an SRS that is configured for any

component carrier or any wireless connection. An SRS that is configured for any component

carrier or any wireless connection of a UE refers to an SRS that can be sent by the UE in a

given serving cell, where this SRS is useable by the network to determine the channel

condition, timing advance, and so forth, for all serving cells for the UE.

[0089] An example is depicted in Fig. 9, where PUSCH/PUCCH is not transmitted in an

orthogonal frequency-division multiplexing (OFDM) symbol or other portion of subframe i

that is configured for carrying SRS. In the example of Fig. 9, the last OFDM symbol (at 902)

on carrier 1 is not used for transmitting PUSCH/PUCCH. The prioritization rule of Option 3

specifies that PUSCH/PUCCH is not transmitted in the portion that overlaps with an SRS

transmission.

[0090] Using Option 1, an eNB can determine whether an SRS is dropped or not by a UE

in a subframe if the eNB knows the scheduled PUCCH/PUSCH transmissions on other cells.

However, when independent MAC schedulers are used in respective eNBs, it may be

impractical for a first eNB to know the PUCCH/PUSCH scheduling of a second eNB. Thus,

the first eNB expecting an SRS from the UE may have to blindly detect if the SRS was

dropped or not. In addition, if there are more than two cells and many PUCCH/PUSCH

transmissions on other cells, the likelihood of dropping SRS using Option 1 is increased.

[0091] Using Option 2, an SRS is transmitted if there is no power constrained condition,

and power scaled down if there is a power constrained condition. Power scaling down an

SRS transmission power may cause pessimistic uplink CSI estimation and thus lower uplink

data rate. Pessimistic uplink CSI estimation refers to the eNB making a determination that a



channel condition is worse than it actually is. However, the lower data rate may be

temporary and also depends on the amount of power scaling. In addition, the timing advance

estimation can continue.

[0092] Using Option 3, PUSCH transmission to a UE with multiple wireless connections

is rate matched or PUCCH transmission is shortened in each subframe carrying an SRS; the

PUSCH rate matching or PUCCH shortening is performed in all serving cells of the UE.

Since periodic and aperiodic subframes carrying SRS are semi-statically configured for a UE,

such configuration can be exchanged among eNBs serving the UE. This can allow a

deterministic behavior of SRS transmission at the UE and SRS reception at the eNBs.

[0093] Solution 3

[0094] Solution 2 addresses cases where an SRS transmitted by a UE to one eNB is

applicable to all component carriers or wireless connections. In different cases, multiple SRS

transmissions can be sent by the UE to different eNBs. Solution 3 can be applied in such

cases. As with Solution 2, Solution 3 is applicable where the UE uplink timings to different

serving eNBs are aligned.

[0095] Solution 3 is triggered in response to the UE detecting that the total uplink power

of the UE for SRS transmissions would exceed P MAX In response to such detection, the

UE scales ¾ s,c( f a serving cell c in subframe i such that the condition

c

is satisfied, where ¾ s,c( ) is the linear value of , ¾ , ( is the UE transmit

power for the SRS transmitted on subframe i for serving cell c , and w(i) is a scaling factor of

i ¾RS c( for serving cell c where 0 < w(i) ≤ 1. Note that w(i) values can be the same across

serving cells.

[0096] An example of the scaling of power of SRS transmissions is shown in Fig. 10,

which shows multiple SRS transmissions on different carriers 1 and 2 (of different eNBs) in

subframe i . The scaling of power of the SRS transmissions is represented as 1002. The



prioritization rule for the scenario represented by Fig. 10 specifies that multiple SRS

transmissions to multiple eNBs are power scaled when a total uplink power of the UE

exceeds the power threshold.

[0097] In some implementations, the power sharing control based on power scaling of

SRS transmissions among two or more eNBs described above is complementary to the power

sharing control among serving cells for carrier aggregation of a particular eNB. Each of one

or more eNBs can have multiple serving cells provided by respective component carriers of

the carrier aggregation. A challenge posed by the UE being served by multiple eNBs is that

the SRS pattern (e.g. time window(s) or frequency(ies) on which SRS transmissions may be

made) of a first eNB may not be known to a second eNB. For periodic SRS (SRS sent on a

periodic basis), the pattern can be shared between eNBs, so that all serving eNBs can derive

the power level to expect for the SRS. For aperiodic SRS, such information exchange may

not be feasible.

[0098] An example solution to avoid unknown SRS power scaling is for each eNB to

define an SRS pattern for all possible SRS transmissions for a given UE, and exchange the

SRS pattern among the eNBs. For example, a first eNB can only schedule SRS transmissions

within a first SRS pattern, which specifies that SRS transmissions can occur in first

subframe(s), and not in other subframe(s). The SRS pattern can also specify the frequency or

frequencies on which an SRS transmission is made. Similarly, a second eNB can only

schedule SRS transmission within a second SRS pattern, which specifies that SRS

transmissions can occur in second subframe(s), and not in other subframe(s). The first and

second SRS patterns may or may not overlap.

[0099] Whenever an SRS transmission of the first eNB overlaps with the second SRS

pattern, the UE scales the power of the SRS transmission of the first eNB as if there is

concurrently an SRS transmission to the second eNB (even though there may not be an actual

SRS transmission to the second eNB in that subframe).



[00100] Solution 4

[00101] Solution 4 is also applicable in cases where the UE uplink timings to different

serving eNBs are aligned.

[00102] Solution 4 is applied in cases where concurrent physical random access channel

(PRACH) and PUSCH/PUCCH transmissions are made in the same subframe, but to

different eNBs. PRACH is used by a UE to perform a random access procedure of an eNB to

access the eNB such that the UE can establish a communications session.

[00103] An example of concurrent PRACH and PUSCH/PUCCH transmissions is

illustrated in Fig. 11, where carrier 1 carries PRACH, while carrier 2 carries

PUSCH/PUCCH. Carriers 1 and 2 are provided by different eNBs. In such cases, the UE

can adjust (at 1102) the transmission power of PUSCH/PUCCH so that the total uplink power

of the UE does not exceed P MAX Effectively, according to Fig. 11, a PRACH transmission

is assigned a higher priority than a PUSCH/PUCCH transmission.

[00104] Solution 5

[00105] Solution 5 is also applicable in cases where the UE uplink timings to different

serving eNBs are aligned.

[00106] Solution 5 can be applied where there are concurrent PRACH and SRS

transmissions to different eNBs (over carriers 1 and 2 as shown in Fig. 12) in the same

subframe. The PRACH transmission is assigned a higher priority than the SRS transmission.

As shown in Fig. 12, the UE power scales or drops (at 1202) the SRS transmission if the total

uplink power exceeds a power threshold in a subframe.

[00107] In cases where the SRS transmission is dropped, the eNB expecting an SRS

transmission may have to blindly estimate whether or not the SRS transmission was dropped

by the UE by measuring the power level over the REs of the subframe that are expected to

carry the SRS transmission. If the measured power level is below a certain threshold, the

eNB expecting the SRS transmission can assume that the SRS transmission was dropped by

the eNB as part of the uplink power sharing control.



[00108] In cases where the SRS transmission is power scaled, the SRS transmission is still

transmitted but with a scaled down transmit power. The eNB would not have to perform any

SRS drop detection. In this case, the uplink CSI may be estimated pessimistically, resulting

in a reduced uplink data rate. Unlike in the dropping case, the timing advance estimation can

continue.

[00109] Solution 6

[001 10] Solution 6 is applicable when serving eNBs of a UE are not time synchronized or

their distances to the UE differ by a large amount (a difference in distance greater than a

specified threshold). As a result, the timing of uplink transmissions at the UE to the eNBs

may not be aligned. The misalignment can be by more than a specified amount, such as more

than one OFDM symbol in length.

[001 11] The misalignment of uplink transmissions of the UE to different eNBs is shown in

two example scenarios in Figs. 13A and 13B, where carriers 1 and 2 are provided by the

different eNBs. In Fig. 13A, the UE transmits a PUSCH/PUCCH in subframe i to a first

eNB, and transmits a PUSCH/PUCCH in subframe j to a second eNB, where subframes i and

j overlap by some amount. When the UE is scheduled to transmit PUCCH/PUSCH to more

than one eNB, and the transmissions overlap in time, the UE power scales or drops (at 1302)

the PUCCH/PUSCH transmission on one of the carriers (carrier 2 in the example of Fig.

13A) if the total uplink power exceeds a power threshold.

[001 12] In some implementations, the following prioritization rule can be applied. If a

PUSCH/PUCCH transmission with a higher priority is transmitted earlier than a

PUSCH/PUCCH transmission with a lower priority, and the total uplink power of the UE

exceeds a power threshold in the overlap time period, the lower priority PUSCH/PUCCH

transmission is power scaled or dropped across the whole subframe of the lower priority

PUSCH/PUCCH (subframe j in Fig. 13A). In other words, the power adjustment is

performed over a full transmission time period (corresponding to the length of an entire

subframe).

[001 13] The prioritization rule can specify a different action under a different scenario, as

shown in Fig. 13B. If the PUSCH/PUCCH transmission of a lower priority (on carrier 2 in



the Fig. 13B example) is transmitted earlier than the PUSCH/PUCCH transmission of a

higher priority, and the total uplink power of the UE exceeds the power threshold in the

overlap time period, the lower priority PUSCH/PUCCH transmission in the overlap region

(13 10 in Fig. 13B) is either power scaled or dropped. In other words, the power adjustment

in this latter case is performed over a part of the full transmission time period, where the part

is the overlapping time region.

[001 14] In a different scenario, as shown in Fig. 14, a UE is scheduled to transmit

PUSCH/PUCCH/PRACH (PUSCH or PUCCH or PRACH) in subframe i and SRS in

subframe j to multiple respective eNBs, and such uplink transmissions overlap in time (as

shown in Fig. 14), the UE scales or drops (at 1402) the SRS transmission if the total uplink

power exceeds the power threshold.

[001 15] If the SRS transmission is dropped when it overlaps with a

PUSCH/PUCCH/PRACH transmission, an eNB is made aware of the SRS transmission being

dropped by the UE so that incorrect uplink channel interpretation can be avoided, and the

eNB does not have to perform blind detection to decide whether the SRS was transmitted or

not.

[001 16] If the SRS transmission is power scaled, and there is a power constrained condition

(the total uplink power of the UE exceeds the power threshold), an eNB can perform

pessimistic uplink CSI estimation, which can result in a reduced uplink data rate. However,

the lower data rate may be temporary and also depends on the amount of power scaling. In

addition, timing advance estimation can continue.

[001 17] In alternative implementations, a different technique of addressing the Fig. 14

scenario is to define a pattern for SRS transmission (such as in the time-frequency domain),

and to allow eNBs to notify each other of such SRS patterns. An SRS pattern can specify the

time window(s) and frequency(ies) on which an SRS may be transmitted. An SRS

transmitted within a specified SRS pattern is protected, such that the SRS would not be

dropped. An SRS transmitted outside of the SRS pattern may be dropped if the SRS overlaps

with PUSCH/PUCCH/PRACH.



[001 18] When a UE is scheduled to transmit PRACH and PUSCH/PUCCH to multiple

respective eNBs (e.g. in subframe i and subframe j , respectively, over carriers 1 and 2 in Fig.

15), and the transmissions overlap in time (as shown in Fig. 15), the UE power scales (at

1502) the PUCCH/PUSCH transmission if the total uplink power exceeds the power

threshold.

[001 19] For simplicity, the discussion above (with respect to Figs. 12-15) refer to eNBs that

do not employ carrier aggregation. In general, at least one of the eNBs to which a UE has

established concurrent wireless connections can be configured with carrier aggregation.

Further, the primary cell (Pcell) and secondary cell(s) (Scell(s)) of a given eNB may have

different timing advances to the UE; thus, the primary and secondary cells belong to different

timing advance groups. When the UE is concurrently connected to two or more eNBs,

several different uplink subframe timings are possible, for an individual eNB or across eNBs.

When multiple eNBs are involved, the relative subframe timing between eNBs should be

accounted for in grouping serving cells into timing advance groups. For example, the

grouping can be performed by a macro eNB storing subframe/radio frame timing offset

information between the macro eNB and affiliated small cell eNBs. Once the timing of

different serving cells is specified from the perspective of UE, prioritization in an overlapping

region (where concurrent uplink transmissions are made by the UE) can use any of the

various solutions described above in response to the total uplink power of the UE exceeding a

power threshold.

[00120] Solution 7

[00121] Control signaling can be defined for uplink power sharing control, where the

control signaling is sent from an eNB to a UE. An example of the control signaling is Radio

Resource Control (RRC) signaling, which is exchanged between RRC layers in the eNB and

the UE. Generally, RRC signaling is used to broadcast system information to UEs, send a

paging message to a UE, establish a radio connection with a UE, and so forth.

[00122] In accordance with some implementations, in an arrangement in which the UE has

concurrent wireless connections with multiple eNBs, the RRC signaling can also be used to

notify a UE which carrier (of a specific eNB) is to be used for reference signal received

power (RSRP) measurement and pathloss calculation. The UE uses the RSRP measurement



and pathloss calculation to calculate the UE's uplink transmit power. In cases where a UE

sends uplink transmissions to multiple eNBs, the following options may be used for RRC

signaling to the UE the carrier to be used for RSRP measurement and pathloss calculation.

[00123] An RSRP measurement measures the average received power over resource

elements that ca y cell-specific reference signals. Pathloss calculation refers to calculating a

signal loss due to propagation of the signal over the downlink from the eNB to the UE.

[00124] In a first option (Option 1), there is no coordination among two or more eNBs to

which the UE is concurrently connected. In some implementations, the eNBs (e.g. macro

eNB and small cell eNB) can each perform its own RRC signaling formulation

independently, and transmit corresponding power control RRC messages (identifying the

carrier(s) to be used for RSRP measurement and pathloss calculation) to the UE

independently. In such implementations, the UE receives power control messages from

multiple eNBs, and the UE can perform power control for each of the eNBs based on the

respective received uplink power sharing control messages.

[00125] In a second option (Option 2), there is coordination among two or more eNBs to

which the UE is concurrently connected. In such cases, a power control RRC message is

formulated in a first eNB (e.g. small cell eNB) identifying the carrier to be used for RSRP

measurement and pathloss calculation. The power control RRC message is passed by the

first eNB to a second eNB (e.g. macro eNB). The power control RRC message is then

transmitted by the second eNB to the UE. This gives the second eNB an opportunity to

modify the power control message formulated by the first eNB. The second eNB can be a

central coordinator in such implementations.

[00126] System Architecture

[00127] Fig. 16 depicts a computing system 1600, which can be any of the UE 110, macro

eNB 104, or small cell eNB 108 discussed above. The computing system 1600 includes

uplink power sharing control machine-readable instructions 1602, which are executable on a

processor (or multiple processors) 1604 to perform various tasks discussed above. A

processor can include a microprocessor, microcontroller, processor module or subsystem,



programmable integrated circuit, programmable gate array, or another control or computing

device.

[00128] The processor(s) 1604 can be coupled to a communication interface (or

communication component) 1606 to perform communications. For example, the

communication interface 1606 can perform wireless communication over an air interface, or

perform wired communication over a wired connection. In some cases, the computing

system 1600 can include multiple communication interfaces 1606 to communicate with

respective different network nodes.

[00129] The processor(s) 1604 can also be coupled to a computer-readable or machine-

readable storage medium (or storage media) 1608, for storing data and instructions. The

storage medium or storage media 1608 can include different forms of memory including

semiconductor memory devices such as dynamic or static random access memories (DRAMs

or SRAMs), erasable and programmable read-only memories (EPROMs), electrically

erasable and programmable read-only memories (EEPROMs) and flash memories; magnetic

disks such as fixed, floppy and removable disks; other magnetic media including tape; optical

media such as compact disks (CDs) or digital video disks (DVDs); or other types of storage

devices. Note that the instructions discussed above can be provided on one computer-

readable or machine -readable storage medium, or alternatively, can be provided on multiple

computer-readable or machine-readable storage media distributed in a large system having

possibly plural nodes. Such computer-readable or machine-readable storage medium or

media is (are) considered to be part of an article (or article of manufacture). An article or

article of manufacture can refer to any manufactured single component or multiple

components. The storage medium or media can be located either in the machine running the

machine-readable instructions, or located at a remote site from which machine -readable

instructions can be downloaded over a network for execution.

[00130] In the foregoing description, numerous details are set forth to provide an

understanding of the subject disclosed herein. However, implementations may be practiced

without some or all of these details. Other implementations may include modifications and

variations from the details discussed above. It is intended that the appended claims cover

such modifications and variations.



What is claimed is:

1. A method of a user equipment (UE), the method comprising:

detecting that an aggregate of calculated uplink transmit power of the UE exceeds a

threshold; and

in response to the detecting, adjusting a power of at least one of a plurality of

frequency-division multiplexing (FDM)-based uplink transmissions of the UE over

corresponding wireless connections with respective wireless access network nodes.

2 . The method of claim 1 wherein at least two of the wireless access network nodes have

respective separate schedulers.

3 . The method of claim 1, wherein the adjusting comprises reducing the power of the at

least one uplink transmission or dropping the at least one uplink transmission.

4 . The method of claim 1, wherein the uplink transmissions are concurrent uplink

transmissions that overlap fully or partially in time.

5 . The method of claim 1, wherein a first of the wireless access network nodes provides

carrier aggregation having component carriers, and the concurrent uplink transmissions

include plural uplink transmissions over wireless connections with the component carriers of

the first wireless access network node.

6 . The method of claim 1, wherein the adjusting is according to at least one prioritization

rule specifying priority of at least one of the uplink transmissions.

7 . The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that a first uplink control channel transmission or traffic channel

transmission containing acknowledgment information has a higher priority than a second

uplink control channel transmission or traffic channel transmission without acknowledgment

information.



8. The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that a first uplink traffic channel transmission containing uplink

control information has a higher priority than a second uplink traffic channel transmission

without uplink control information.

9 . The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that an uplink traffic channel transmission containing channel

state information but without acknowledgment information has a higher priority than an

uplink control channel transmission containing channel state information but without

acknowledgement information.

10. The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that a first resource element associated with acknowledgement

information contained in an uplink traffic channel transmission has a higher priority than a

second resource element with traffic data contained in the uplink traffic channel transmission.

11. The method of claim 6, wherein the uplink transmissions comprise a first uplink

transmission and a sounding reference signal transmission, wherein the first uplink

transmission includes one or both of an uplink traffic channel transmission and an uplink

control channel transmission, and wherein the adjusting reduces a power of the sounding

reference signal transmission or drops the sounding reference signal transmission.

12. The method of claim 6, wherein the uplink transmissions comprise a first uplink

transmission and a sounding reference signal transmission, wherein the first uplink

transmission comprises one or both of an uplink control transmission and uplink traffic

channel transmission, and wherein the adjusting avoids performing the first uplink

transmission at a portion of a carrier that coincides with the sounding reference signal

transmission.

13. The method of claim 6, wherein the uplink transmissions comprise a plurality of

sounding reference signal transmissions, and wherein the adjusting reduces a power of at

least one of the sounding reference signal transmissions.



14. The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that a random access channel transmission has a higher priority

than an uplink control channel transmission or an uplink traffic channel transmission.

15. The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that a random access channel transmission has a higher priority

than a sounding reference signal transmission.

16. The method of claim 6, wherein the adjusting is according to the at least one

prioritization rule specifying that transmissions to a first wireless access network node has a

higher priority than a second wireless access network node.

17. The method of claim 1, wherein the uplink transmissions to the respective wireless

access network nodes are time aligned.

18. The method of claim 1, wherein the uplink transmissions to the respective wireless

access network nodes are time misaligned

19. The method of claims 1, wherein the adjusting is performed over a full transmission

time interval.

20. The method of claims 1, wherein the adjusting is performed over a part of a full

transmission time interval.



A wireless access network node comprising:

a communication component to communicate wirelessly with a user equipment (UE);

and

one processor configured to:

use information relating to uplink power sharing control at the UE to process

an uplink transmission from the UE, wherein the uplink transmission is one of a plurality of

frequency-division multiplexing (FDM)-based uplink transmissions over corresponding

wireless connections with respective wireless access network nodes.

22. The method of claim 21, wherein the information relating to the uplink power sharing

control includes a prioritization rule specifying priority of the at least one of the plurality of

FDM-based uplink transmissions.

23. A user equipment (UE) comprising:

a communication component to communicate wirelessly with a wireless access

network node; and

at least one processor configured to:

detect that an aggregate of calculated uplink transmit power of the UE exceeds

a threshold; and

in response to the detecting, adjust a power of at least one of a plurality of

frequency-division multiplexing (FDM)-based uplink transmissions of the UE over

corresponding wireless connections with respective wireless access network nodes.

24. The UE of claim 19, wherein the adjusting is according to at least one prioritization

rule specifying priority of the at least one of a plurality of uplink transmissions.
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Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. c l aims : 1-6, 8 , 16-20, 23 , 24

The subject-matter of the i ndependent c l aims of the f i rst
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
of a pl ural i t y of frequency-di v i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes

1. 1. c l aims : 3 , 5

The subject-matter of the i ndependent c l aims of the f i rst
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
of a pl ural i t y of frequency-di v i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes , wherei n the at l east two of the
wi rel ess access network nodes have respecti ve separate
schedul ers .

1. 2 . c l aims : 4 , 17-20

The subject-matter of the i ndependent c l aims of the f i rst
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
of a pl ural i t y of frequency-di v i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes , wherei n the upl i nk transmi ssi ons are
concurrent upl i nk transmi ssi ons that overl ap ful l y or
parti al l y i n time, or wherei n the upl i nk transmi ssi ons t o
the respecti ve wi rel ess access network nodes mi ght be time
mi sal i gned, or wherei n the adjusti ng mi ght be performed over
a ful l transmi ssi on time i nterval or wherei n the adjusti ng
i s performed over a part of a ful l transmi ssi on time
i nterval .

1. 3 . c l aims : 6 , 8 , 16, 24

The subject-matter of the i ndependent c l aims of the f i rst
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
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of a pl ural i t y of frequency-di i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes , wherei n the adjusti ng mi ght be
accordi ng t o at l east one pri ori t i zati on rul e speci fyi ng
pri ori t y of at l east one of the upl i nk transmi ssi ons

2 . c l aims : 7 , 9 , 10

The subject-matter of the i ndependent c l aims of thi s second
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
of a pl ural i t y of frequency-di v i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes , wherei n the adjusti ng i s accordi ng t o
at l east one pri ori t i zati on rul e speci fyi ng pri ori t y of at
l east one of the upl i nk transmi ssi ons , wherei n the adjusti ng
mi ght be accordi ng t o the at l east one pri ori t i zati on rul e
speci fyi ng that a f i rst upl i nk control channel transmi ssi on
or traffi c channel transmi ssi on contai ni ng acknowl edgement
i nformati on has a hi gher pri ori t y than a second upl i nk
control channel transmi ssi on or traffi c channel transmi ssi on
wi thout acknowl edgement i nformati on , or wherei n the
adjusti ng mi ght be accordi ng t o the at l east one
pri ori t i zati on rul e speci fyi ng that an upl i nk traffi c
channel transmi ssi on contai ni ng channel state i nformati on
but wi thout acknowl edgement i nformati on has a hi gher
pri ori t y than an upl i nk control channel transmi ssi on
contai ni ng channel state i nformati on but wi thout
acknowl edgement i nformati on , or wherei n the adjusti ng mi ght
be accordi ng t o the at l east one pri ori t i zati on rul e
speci fyi ng that a f i rst resource el ement associ ated wi t h
acknowl edgement i nformati on contai ned i n an upl i nk traffi c
channel transmi ssi on has a hi gher pri ori t y than a second
resource el ement wi t h traffi c data contai ned i n the upl i nk
traffi c channel transmi ssi on .

3 . c l aims : 11-13

The subject-matter of the i ndependent c l aims of thi s thi r d
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
of a pl ural i t y of frequency-di v i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes , wherei n the adjusti ng i s accordi ng t o
at l east one pri ori t i zati on rul e speci fyi ng pri ori t y of at
l east one of the upl i nk transmi ssi ons , wherei n the upl i nk
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transmi ssi ons compri se a f i rst upl i nk transmi ssi on and a
soundi ng reference si gnal transmi ssi on , wherei n the f i rst
upl i nk transmi ssi on i ncl udes one or both of an upl i nk
traffi c channel transmi ssi on and an upl i nk control channel
transmi ssi on , and wherei n the adjusti ng reduces a power of
the soundi ng reference si gnal transmi ssi on or drops the
soundi ng reference si gnal transmi ssi on , or wherei n the
upl i nk transmi ssi ons compri se a f i rst upl i nk transmi ssi on
and a soundi ng reference si gnal transmi ssi on , wherei n the
f i rst upl i nk transmi ssi on compri ses one or both of an upl i nk
control transmi ssi on and upl i nk traffi c channel
transmi ssi on , and wherei n the adjusti ng avoi ds performi ng
the f i rst upl i nk transmi ssi on at a porti on of a carri er that
coi nci des wi t h the soundi ng reference si gnal transmi ssi on ,
or wherei n the upl i nk transmi ssi ons compri se a pl ural i t y of
soundi ng reference si gnal transmi ssi ons , and wherei n the
adjusti ng reduces a power of at l east one of the soundi ng
reference si gnal transmi ssi ons .

4 . c l aims : 14, 15

The subject-matter of the i ndependent c l aims of thi s fourth
group refers t o a method of a user equi pment (UE) , the
method compri si ng: detecti ng that an aggregate of cal cul ated
upl i nk transmi t power of the UE exceeds a threshol d ; and i n
response t o the detecti ng, adjusti ng a power of at l east one
of a pl ural i t y of frequency-di i si on mul t i pl exi ng
( FDM) -based upl i nk transmi ssi ons of the UE over
correspondi ng wi rel ess connecti ons wi t h respecti ve wi rel ess
access network nodes , wherei n the adjusti ng i s accordi ng t o
at l east one pri ori t i zati on rul e speci fyi ng pri ori t y of at
l east one of the upl i nk transmi ssi ons , wherei n the adjusti ng
i s accordi ng t o the at l east one pri ori t i zati on rul e
speci fyi ng that a random access channel transmi ssi on has a
hi gher pri ori t y than an upl i nk control channel transmi ssi on
or an upl i nk traffi c channel transmi ssi on , or wherei n the
adjusti ng i s accordi ng t o the at l east one pri ori t i zati on
rul e speci fyi ng that a random access channel transmi ssi on
has a hi gher pri ori t y than a soundi ng reference si gnal
transmi ssi on .

5 . c l aims : 21 , 22

The subject-matter of the i ndependent c l aims of thi s f i fth
group refers t o a wi rel ess access network node compri si ng: a
communi cati on component t o communi cate wi rel essly wi t h a
user equi pment (UE) ; and at l east one processor confi gured
to: use i nformati on rel ati ng t o upl i nk power shari ng control
at the UE t o process an upl i nk transmi ssi on from the UE,
wherei n the upl i nk transmi ssi on i s one of a pl ural i t y of
frequency-di v i si on mul t i pl exi ng ( FDM) -based upl i nk
transmi ssi ons over correspondi ng wi rel ess connecti ons wi t h
respecti ve wi rel ess access network nodes , wherei n the
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i nformati on rel ati ng t o the upl i nk power shari ng control
i ncl udes a pri ori t i zati on rul e speci fyi ng pri ori t y of the at
l east one of the pl ural i t y of FDM-based upl i nk
transmi ssi ons .
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