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SYSTEMS AND METHODS FOR UPLINK TRANSMISSION 

POWER CONTROL 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to communication systems. More 

specifically, the present disclosure relates to systems and methods for uplink transmission 

power control. 

BACKGROUND 

[0002] Wireless communication devices have become smaller and more powerful in 

order to meet consumer needs and to improve portability and convenience. Consumers 

have become dependent upon wireless communication devices and have come to expect 

reliable service, expanded areas of coverage and increased functionality. A wireless 

communication system may provide communication for a number of wireless 

communication devices, each of which may be serviced by a base station. A base station 

may be a device that communicates with wireless communication devices. 

[0003] As wireless communication devices have advanced, improvements in 

communication capacity, speed, flexibility and efficiency have been sought. However, 

improving communication capacity, speed, flexibility and efficiency may present certain 

problems. 

[0004] For example, wireless communication devices may communicate with one or 

more devices using multiple connections. However, the multiple connections may only 

offer limited flexibility and efficiency. As illustrated by this discussion, systems and 

methods that improve communication flexibility and efficiency may be beneficial. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Figure 1 is a block diagram illustrating one configuration of one or more 

evolved Node Bs (eNBs) and one or more user equipments (UEs) in which systems and 

methods for uplink transmission power control may be implemented; 

[0006] Figure 2 is a block diagram illustrating configurations of E-UTRAN 

architecture in which systems and methods for dual-connectivity operation may be 

implemented; 

[0007] Figure 3 is a block diagram illustrating one configuration of an E-UTRAN and 

a UE in which systems and methods for dual-connectivity operation may be implemented; 

[0008] Figure 4 is a flow diagram illustrating one implementation of a method for 

uplink transmission power control by a UE; 

[0009] Figure 5 is a flow diagram illustrating one implementation of a method for 

uplink transmission power control by an eNB; 

[0010] Figure 6 illustrates asynchronized cell groups in dual-connectivity; 

[0011] Figure 7 illustrates different examples for determining an available 

transmission power; 

[0012] Figure 8 is a flow diagram illustrating a detailed implementation of a method 

for uplink transmission power control by a UE; 

[0013] Figure 9 is a diagram illustrating time division duplexing (TDD) 

uplink/downlink (UL/DL) configurations in accordance with the systems and methods 

described herein; 

[0014] Figure 10 illustrates various examples for determining whether there is a 

potential UL transmission in the later subframe of a cell group; 

[0015] Figure 11 illustrates various components that may be utilized in a UE; 

[0016] Figure 12 illustrates various components that may be utilized in an eNB; 

[0017] Figure 13 is a block diagram illustrating one configuration of a UE in which 

systems and methods for sending feedback information may be implemented; and 

[0018] Figure 14 is a block diagram illustrating one configuration of an eNB in which 

systems and methods for receiving feedback information may be implemented. 
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DETAILED DESCRIPTION 

[0019] A user equipment (UE) includes a processor and memory in electronic 

communication with the processor. Instructions stored in the memory are executable to 

(a) configure a first cell group (CG) and a second CG; (b) configure a guaranteed power 

of a first CG and a guaranteed power of a second CG; (c) select one of a first mode and a 

second mode according to whether or not a timing difference between the first CG and 

the second CG is more than a threshold; and (d) determine uplink power allocation on the 

basis of the selected mode. Subframe n of the first CG overlaps subframe m-1 and 

subframe m of the second CG. In the first mode, the uplink power allocation in the 

subframe n of the first CG is determined using a parameter Pcoi,n given by Equation (1): 

[0020] PCQLn = P 
(P 1 CG2, m—l' 

P 
Guaranteed ,CG2 

(1), 

[0021] where Pcmax is a maximum allowed transmission power for the UE, PcG2,m-i is 

a power allocated in the subframe m-1 of the second CG and Pmin,cG2 is the guaranteed 

power of the second CG. 

[0022] In the second mode, the uplink power allocation in the subframe n of the first 

CG may be determined based on uplink transmission in the subframe m of the second CG. 

[0023] In the first mode, if a subframe (among the subframe n, the subframe m-land 

the subframe m) is configured for PRACH, a power for the PRACH may be reserved with 

higher priority than other channels. Furthermore, in the first mode, if the UE knows, 

based on higher layer signaling, there is no uplink transmission in the subframe m of the 

second CG, the Pcoi.n given by Equation (2): 

[0024] 1 (2). 

[0025] An enhanced node B (eNB) communicating with a user equipment (UE) 

includes a processor and memory in electronic communication with the processor. 

Instructions stored in the memory are executable to (a) configure, to the UE, a first cell 

group (CG) and a second CG; (b) configure, to the UE, a guaranteed power of a first CG 
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and a guaranteed power of a second CG; (c) select one of a first mode and a second mode 

according to whether or not a timing difference between the first CG and the second CG 

is more than a threshold; and (d) receive an uplink transmission of the first CG. Subframe 

n of the first CG overlaps subframe m-1 and subframe m of the second CG. In the first 

mode, the uplink power allocation in the subframe n of the first CG is determined using a 

parameter Pcoi,n given by Equation (1): 

[0027] where Pcmax is a maximum allowed transmission power for the UE, PcG2,m-i is 

a power allocated in the subframe m-1 of the second CG and Pmin,cG2 is the guaranteed 

power of the second CG. 

[0028] In the second mode, the uplink power allocation in the subframe n of the first 

CG may be determined based on uplink transmission in the subframe m of the second CG. 

[0029] In the first mode, if a subframe (among the subframe n, the subframe m-land 

the subframe m) is configured for PRACH, a power for the PRACH may be reserved with 

higher priority than other channels. Moreover, in the first mode, if it is known, by the UE, 

that there is no uplink transmission in the subframe m of the second CG, the Pcoi.n given 

by Equation (2): 

[0031] A method in a user equipment (UE) includes configuring a first cell group 

(CG); configuring a second CG; configuring a guaranteed power of a first CG; 

configuring a guaranteed power of a second CG; selecting one of a first mode and a 

second mode according to whether or not a timing difference between the first CG and 

the second CG is more than a threshold; and determining uplink power allocation on the 

basis of the selected mode. Subframe n of the first CG overlaps subframe m-1 and 

subframe m of the second CG. In the first mode, the uplink power allocation in the 

subframe n of the first CG is determined using a parameter Pcoi,n given by Equation (1): 

[0026] PCG1>„ =Pcmax -max c max (1), 

[0030] P = P -P 1 CG1,« cmax 1 CG2,m-l (2). 

[0032] PCGl„ =Pcmax -max c max (1), 
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[0033] where Pcmax is a maximum allowed transmission power for the UE, PCGI.HI-I is 

a power allocated in the subframe m-1 of the second CG and Pmin,cG2 is the guaranteed 

power of the second CG 

[0034] A method in an enhanced node B (eNB) communicating with a user 

equipment (UE) includes configuring, to the UE, a first cell group (CG); configuring, to 

the UE, a second CG; configuring, to the UE, a guaranteed power of a first CG; 

configuring, to the UE, a guaranteed power of a second CG; selecting one of a first mode 

and a second mode according to whether or not a timing difference between the first CG 

and the second CG is more than a threshold; and receiving an uplink transmission of the 

first CG. Subframe n of the first CG overlaps subframe m-1 and subframe m of the 

second CG. In the first mode, the uplink power allocation in the subframe n of the first 

CG is determined using a parameter Pcoi,n given by Equation (1): 

[0036] where Pcmax is a maximum allowed transmission power for the UE, PcG2,m-i is 

a power allocated in the subframe m-1 of the second CG and Pmin,cG2 is the guaranteed 

power of the second CG. 

[0037] A user equipment (UE) is described. The UE includes a processor and 

memory in electronic communication with the processor. The UE determines that dual 

connectivity is configured with more than one cell group. The UE also determines if a 

total transmission power of the cell groups exceeds a maximum allowed transmission 

power of the UE. The UE further determines if the cell groups are asynchronized and 

whether look-ahead with processing time reduction is supported by the UE. The UE 

additionally determines an available transmission power in a subframe of a given cell 

group. The UE also transmits uplink (UL) channels in a subframe based on the available 

transmission power of the given cell group. 

[0038] If the total transmission power of the cell groups exceeds the maximum 

allowed transmission power of the UE, the cell groups are asynchronized, and processing 

time reduction and look-ahead are not supported by the UE, then for a given subframe of 

[0035] PCQln = Pcmax -max c max (1), 
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a first cell group that overlaps with an earlier subframe and a later subframe of the other 

cell group, the UE may determine the transmission power allocated for the earlier 

subframe of the other cell group. The UE may also determine if a guaranteed power is 

configured for a cell group. The UE may further determine if there is a potential UL 

transmission in the later subframe of the other cell group. The UE may additionally 

determine the available transmission power in the given subframe of the first cell group. 

The UE may also transmit uplink channels in the given subframe of the first cell group 

based on the available transmission power of the first cell group. 

[0039] If a guaranteed power is configured for the other cell group, and there is no 

potential UL transmission in the later subframe of the other cell group based on at least 

one of semi-static information and dynamic information, then the UE may determine the 

available transmission power in the given subframe of the first cell group as the 

maximum allowed transmission power of the UE reduced by the power allocated in the 

later subframe of the other cell group. The UE may also transmit uplink channels in the 

given subframe of the first cell group by replacing the maximum allowed transmission 

power of the UE with the available transmission power of the first cell group. 

[0040] To determining that there is no potential UL transmission in the later subframe 

of the other cell group based on semi-static information, the UE may determine that the 

later subframe of the other cell group has no uplink allocation based on time division 

duplexing (TDD) uplink/downlink (UL/DL) configurations of the serving cells. 

[0041] To determine that there is no potential UL transmission in the later subframe 

of the other cell group based on semi-static information, the UE may determine that the 

later subframe of the other cell group has an uplink subframe allocation. The UE may also 

determine that there is no semi-statically configured transmission in the later subframe of 

the other cell group. The semi-statically configured transmission comprises at least one of 

periodic channel state information (CSI) and semi-persistent scheduling (SPS). 

[0042] To determine that there is no potential UL transmission in the later subframe 

of the other cell group based on semi-static information, the UE may determine that the 

later subframe of the other cell group has an uplink subframe allocation. The UE may also 
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determine that there is no semi-statically configured physical random access channel 

(PRACH) or scheduling request (SR) resources in the later subframe of the other cell 

group. 

[0043] To determine that there is no potential UL transmission in the later subframe 

of the other cell group based on dynamic information, the UE may determine that the 

cells in the other cell group include one or more enhanced interference mitigation and 

traffic adaptation (elMTA) cells. The UE may also determine that a valid UL/DL 

configuration is received in reconfiguration downlink control information (DCI) that 

configures the later subframe of the other cell group as a DL subframe. 

[0044] To determine that there is no potential UL transmission in the later subframe 

of the other cell group based on dynamic information, the UE may determine that the later 

subframe of the other cell group has no downlink hybrid automatic repeat request 

(HARQ) association linkage or has a minimum downlink HARQ association linkage 

greater than 4 milliseconds. The UE may also determine that the later subframe of the 

other cell group has an uplink scheduling linkage greater than 4 milliseconds. The UE 

may further determine that there is no physical downlink shared channel (PDSCH) 

transmitted in any subframes included in a DL association set of the later subframe. The 

UE may additionally determine that there is no physical uplink shared channel (PUSCH) 

scheduled in the later subframe. 

[0045] To determine that there is no potential UL transmission in the later subframe 

of the other cell group based on dynamic information the UE may determine that the cells 

in the other cell group include elMTA cells. The UE may also determine that the later 

subframe of the other cell group has a minimum downlink HARQ association linkage of 

4 milliseconds or an uplink scheduling linkage of 4 milliseconds. The UE may further 

determine that there is no PDSCH transmitted in any subframe earlier than the fourth 

subframe before the later subframe in the DL association set of the later subframe. The 

UE may additionally determine that a valid UL/DL configuration is received in a 

reconfiguration DCI that configures the fourth subframe before the later subframe as a UL 

subframe. 
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[0046] If a guaranteed power is configured for the other cell group, and there is a 

potential UL transmission in the later subframe of the other cell group based on at least 

one of semi-static information and dynamic information, then the UE may determine the 

available transmission power in the given subframe of the first cell group as the 

maximum allowed transmission power of the UE reduced by the maximum value of the 

power allocated in the later subframe of the other cell group or the guaranteed power of 

the other cell group. The UE may also transmit uplink channels in the given subframe of 

the first cell group by replacing the maximum allowed transmission power of the UE with 

the available transmission power of the first cell group. 

[0047] To determine that there is a potential UL transmission in the later subframe of 

the other cell group based on semi-static information, the UE may determine that there is 

a semi-statically configured transmission in the later subframe of the other cell group. The 

semi-statically configured transmission comprises at least one of periodic CSI and SPS. 

[0048] To determine that there is a potential UL transmission in the later subframe of 

the other cell group based on dynamic information, the UE may determine that there is at 

least one PDSCH transmission in a DL subframe set of the later subframe of the other cell 

group. 

[0049] To determine that there is a potential UL transmission in the later subframe of 

the other cell group based on dynamic information, the UE may determine that there is a 

PUSCH scheduled in the later subframe of the other cell group. 

[0050] To determine that there is a potential UL transmission in the later subframe of 

the other cell group based on dynamic information, the UE may determine that the later 

subframe of the other cell group is an uplink subframe. The UE may also determine that 

the later subframe of the other cell group has a minimum downlink HARQ association 

linkage of 4 milliseconds or an uplink scheduling linkage of 4 milliseconds. The UE may 

further determine that the later subframe of the other cell group is configured as a UL 

subframe and the fourth subframe before the later subframe is configured as a DL 

subframe if the cell is an elMTA cell. 
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[0051] If a guaranteed power is configured for the other cell group, and there is no 

potential PRACH and UCI transmission in the later subframe of the other cell group 

based on at least one of semi-static information and dynamic information, then the UE 

may determine the available transmission power in the given subframe of the first cell 

group as the maximum allowed transmission power of the UE reduced by the power 

allocated in the later subframe of the other cell group. The UE may also transmit uplink 

channels in the given subframe of the first cell group by replacing the maximum allowed 

transmission power of the UE with the available transmission power of the first cell 

group. 

[0052] An evolved node B (eNB) for performing uplink transmission power control is 

also described. The eNB includes a processor and memory in electronic communication 

with the processor. The eNB determines that dual connectivity is configured with more 

than one cell groups. The eNB also determines if a guaranteed power is configured for 

each cell group for a UE. The eNB further determines if the cell groups are asynchronized 

and whether look-ahead with processing time reduction is supported by the UE. The eNB 

additionally receives uplink channels in a subframe based on an available transmission 

power of a given cell group. The receiving is based on different assumptions of the 

available transmission power. 

[0053] If a total transmission power of the cell groups exceeds the maximum allowed 

transmission power of the UE, the cell groups are asynchronized, and processing time 

reduction and look-ahead are not supported by the UE, then for a given subframe of a first 

cell group that overlaps with an earlier subframe and a later subframe of the other cell 

group, the eNB may receive uplink channels in the given subframe of the first cell group 

based on an available transmission power of the first cell group. The available 

transmission power of the first cell group may be determined based on whether there is a 

potential UL transmission in the later subframe of the other cell group. 

[0054] If a guaranteed power is configured for the other cell group, and there is no 

potential UL transmission in the later subframe of the other cell group based on at least 

one of semi-static information and dynamic information, then the eNB may receive the 
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uplink channels in the given subframe of the first cell group based on the available 

transmission power of the first cell group. The available transmission power in the given 

subframe of the first cell group may be determined as the maximum allowed transmission 

power of the UE reduced by the power allocated in the later subframe of the other cell 

group. 

[0055] If a guaranteed power is configured for the other cell group, and there is a 

potential UL transmission in the later subframe of the other cell group based on at least 

one of semi-static information and dynamic information, then the eNB may receive the 

uplink channels in the given subframe of the first cell group based on the available 

transmission power of the first cell group. The available transmission power in the given 

subframe of the first cell group may be determined as the maximum allowed transmission 

power of the UE reduced by the maximum value of the power allocated in the later 

subframe of the other cell group or the guaranteed power of the other cell group. 

[0056] If a guaranteed power is configured for the other cell group, and there is no 

PRACH and UCI transmission in the later subframe of the other cell group based on at 

least one of semi-static information and dynamic information, then the eNB may receive 

uplink channels in the given subframe of the first cell group based on the available 

transmission power of the first cell group. The available transmission power in the given 

subframe of the first cell group may be determined as the maximum allowed transmission 

power of the UE reduced by the power allocated in the later subframe of the other cell 

group. 

[0057] A method for performing uplink transmission power control by a UE is also 

described. The method includes determining that dual connectivity is configured with 

more than one cell group. The method also includes determining if a total transmission 

power of the cell groups exceeds a maximum allowed transmission power of the UE. The 

method further includes determining if the cell groups are asynchronized and whether 

look-ahead with processing time reduction is supported by the UE. The method 

additionally includes determining an available transmission power in a subframe of a 
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given cell group. The method also includes transmitting UL channels in a subframe based 

on the available transmission power of the given cell group. 

[0058] A method for performing uplink transmission power control by an eNB is also 

described. The method includes determining that dual connectivity is configured with 

more than one cell groups. The method also includes determining if a guaranteed power is 

configured for each cell group for a UE. The method further includes determining if the 

cell groups are asynchronized and whether look-ahead with processing time reduction is 

supported by the UE. The method additionally includes receiving uplink channels in a 

subframe based on an available transmission power of a given cell group. The receiving is 

based on different assumptions of the available transmission power. 

[0059] 3GPP Long Term Evolution (LTE) is the name given to a project to improve 

the Universal Mobile Telecommunications System (UMTS) mobile phone or device 

standard to cope with future requirements. In one aspect, UMTS has been modified to 

provide support and specification for the Evolved Universal Terrestrial Radio Access (E-

UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN). 

[0060] At least some aspects of the systems and methods disclosed herein may be 

described in relation to the 3GPP LTE, LTE-Advanced (LTE-A) and other standards (e.g., 

3GPP Releases 8, 9, 10, 11 and/or 12). However, the scope of the present disclosure 

should not be limited in this regard. At least some aspects of the systems and methods 

disclosed herein may be utilized in other types of wireless communication systems. 

[0061] A wireless communication device may be an electronic device used to 

communicate voice and/or data to a base station, which in turn may communicate with a 

network of devices (e.g., public switched telephone network (PSTN), the Internet, etc.). 

In describing systems and methods herein, a wireless communication device may 

alternatively be referred to as a mobile station, a UE, an access terminal, a subscriber 

station, a mobile terminal, a remote station, a user terminal, a terminal, a subscriber unit, 

a mobile device, etc. Examples of wireless communication devices include cellular 

phones, smart phones, personal digital assistants (PDAs), laptop computers, netbooks, e-

readers, wireless modems, etc. In 3GPP specifications, a wireless communication device 
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is typically referred to as a UE. However, as the scope of the present disclosure should not 

be limited to the 3GPP standards, the terms "UE" and "wireless communication device" 

may be used interchangeably herein to mean the more general term "wireless 

communication device." 

[0062] In 3GPP specifications, a base station is typically referred to as a Node B, an 

eNB, a home enhanced or evolved Node B (HeNB) or some other similar terminology. As 

the scope of the disclosure should not be limited to 3GPP standards, the terms "base 

station," "Node B," "eNB," and "HeNB" may be used interchangeably herein to mean the 

more general term "base station." Furthermore, one example of a "base station" is an 

access point. An access point may be an electronic device that provides access to a 

network (e.g., Local Area Network (LAN), the Internet, etc.) for wireless communication 

devices. The term "communication device" may be used to denote both a wireless 

communication device and/or a base station. 

[0063] It should be noted that as used herein, a "cell" may be any communication 

channel that is specified by standardization or regulatory bodies to be used for 

International Mobile Telecommunications-Advanced (IMT-Advanced) and all of it or a 

subset of it may be adopted by 3GPP as licensed bands (e.g., frequency bands) to be used 

for communication between an eNB and a UE. It should also be noted that in E-UTRA 

and E-UTRAN overall descriptions, as used herein, a "cell" may be defined as a 

"combination of downlink and optionally uplink resources." The linking between the 

carrier frequency of the downlink resources and the carrier frequency of the uplink 

resources may be indicated in the system information transmitted on the downlink 

resources. 

[0064] "Configured cells" are those cells of which the UE is aware and is allowed by 

an eNB to transmit or receive information. "Configured cell(s)" may be serving cell(s). 

The UE may receive system information and perform the required measurements on all 

configured cells. "Configured cell(s)" for a radio connection may consist of a primary cell 

and/or zero, one or more secondary cell(s). "Activated cells" are those configured cells on 

which the UE is transmitting and receiving. That is, activated cells are those cells for 
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which the UE monitors the physical downlink control channel (PDCCH) and in the case 

of a downlink transmission, those cells for which the UE decodes a physical downlink 

shared channel (PDSCH). "Deactivated cells" are those configured cells that the UE is 

not monitoring the transmission PDCCH. It should be noted that a "cell" may be 

described in terms of differing dimensions. For example, a "cell" may have temporal, 

spatial (e.g., geographical) and frequency characteristics. 

[0065] The systems and methods disclosed herein describe devices for dual-

connectivity operation. This may be done in the context of an evolved universal terrestrial 

radio access network (E-UTRAN). For example, dual-connectivity operation between a 

UE and two or more eNBs on an E-UTRAN is described. In one configuration, the two or 

more eNBs may have different schedulers. 

[0066] The systems and methods described herein may enhance the efficient use of 

radio resources in dual-connectivity operation. Carrier aggregation refers to the 

concurrent utilization of more than one component carrier (CC). In carrier aggregation, 

more than one cell may be aggregated to a UE. In one example, carrier aggregation may 

be used to increase the effective bandwidth available to a UE. In traditional carrier 

aggregation, a single eNB is assumed to provide multiple serving cells for a UE. Even in 

scenarios where two or more cells may be aggregated (e.g., a macro cell aggregated with 

remote radio head (RRH) cells) the cells may be controlled (e.g., scheduled) by a single 

eNB. 

[0067] However, in a small cell deployment scenario, each node (e.g., eNB, RRH, 

etc.) may have its own independent scheduler. To maximize the efficiency of radio 

resources utilization of both nodes, a UE may connect to two or more nodes that have 

different schedulers. 

[0068] In one configuration, for a UE to connect to two nodes (e.g., eNBs) that have 

different schedulers, dual-connectivity between the UE and E-UTRAN may be utilized. 

For example, in addition to Rel-11 operation, a UE operating according to the Rel-12 

standard may be configured with dual-connectivity (which may also be referred to as 

multi-connectivity, inter-eNB carrier aggregation, multi-flow, multi-cell cluster, multi-Uu, 
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etc.). Because a maximum of two connections are currently considered, terminology of 

"dual-connectivity" may be used. The UE may connect to the E-UTRAN with multiple 

Uu interfaces, if configured. For instance, the UE may be configured to establish one or 

more additional radio interfaces by using one radio interface. 

[0069] As used herein, a cell group is a group of serving cells controlled by the same 

scheduler. In one configuration, a cell group can be configured with up to 5 serving cells. 

A master cell group (MCG) may provide cell group control (e.g., radio resource control, 

non-access stratum (NAS), security, mobility etc.) in dual-connectivity. A master eNB 

(MeNB) is the eNB of the MCG. A secondary cell group (SCG) is the secondary cell 

group in dual-connectivity. A secondary eNB (SeNB) is the eNB of the SCG. 

[0070] For dual-connectivity, both synchronized and asynchronized (e.g., non-

synchronized) cell groups may be supported. In a synchronized case, the subframes in all 

cell groups are aligned within a time difference threshold. The synchronized cell group 

may allow some timing advance (TA) differences. The conditions of a synchronous case 

may be defined according to the RAN4 definition of synchronized dual connectivity 

operation. In terms of a maximum uplink transmission timing difference, the synchronous 

case may be described as the maximum uplink transmission timing difference between 

PCells and pSCells is less than X or the maximum uplink transmission timing difference 

between all TAGs is less than X, where X is the threshold value (e.g., 40 mircoseconds). 

[0071] In an asynchronized case, the subframes in different cell groups are not 

aligned. In other words, the subframes in the cell groups have a time difference that is 

more than a defined threshold. In other words, the maximum uplink transmission timing 

difference between PCells and pSCells is greater than X or the maximum uplink 

transmission timing difference between all TAGs is greater than X. 

[0072] In the asynchronized case, a subframe on one cell group may overlap with two 

subframes on the other cell group. In some configurations, look-ahead may be assumed 

for the power allocation. Look-ahead may be defined as the UE knows the actual UL 

transmission(s) in the latter part of the overlapping portion. In other words, a UE may 

consider the uplink transmission in a later overlapping subframe for the power allocation 
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of the current uplink transmission. To implement the look-ahead, the UE may need a 

processing time that is less than 4 milliseconds (ms). Thus, look-ahead can be supported 

if the processing time can be reduced to 3 ms in the worst case. 

[0073] Dual-connectivity may provide an enhancement for small cell deployment. 

One of the key issues associated with dual-connectivity is the uplink power control for 

simultaneous uplink channel transmissions. In a power unlimited case, the uplink channel 

on each cell group should be transmitted using existing power control parameters and 

procedures. As used herein, the power unlimited case means that the total scheduled 

transmission power of uplink signals on all cell groups does not exceed the maximum 

allowed transmission power (i.e. Pcmax) of the given UE. In the power unlimited case, 

simultaneous uplink transmission from the MCG and the SCG should be performed 

independently. 

[0074] In a power limited case, where the total scheduled uplink transmission powers 

on the MCG and the SCG exceed the maximum allowed transmission power of the UE 

(PCmax)' power allocation of each cell group must take into account the uplink 

transmissions of the other cell group. Furthermore, in an asynchronized case, the problem 

becomes more complicated because an uplink subframe in one cell group may overlap 

with two subframes in another cell group. 

[0075] In one approach, each cell group can be configured with a guaranteed power 

before allocation of the remaining power to the channels on different cell groups. If look-

ahead is assumed (i.e., the processing time can be reduced to 3 ms), the same priority 

handling can be applied in an asynchronous case as in a synchronous case by considering 

the overlapping subframes at both sides. However, if reduced processing time cannot be 

assumed, look-ahead is not assumed. Thus, the behavior of the UE for an asynchronous 

case with non-look-ahead operation (non-look-ahead mode) may be defined. 

[0076] For a cell group with only frequency division duplexing (FDD) cells, or where 

an FDD cell is the primary cell (PCell) or primary secondary cell (pSCell) of the cell 

group, a no look-ahead operation requires a UE to reserve guaranteed power for the other 

cell group because there may be potential uplink transmissions on the other cell group. 
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For a time division duplexing (TDD) serving cell, and a cell group with a TDD PCell or a 

TDD pSCell, semi-static or dynamic information may be used to determine whether 

power should be reserved for a cell group or not. 

[0077] Dynamic information can be utilized to improve the power allocation 

efficiency in the no look-ahead case. Depending on the TDD configuration, a cell may 

have different hybrid automatic repeat request acknowledgement/negative 

acknowledgement (HARQ-ACK) reporting and UL scheduling timings. If the associated 

timing between the latest DL subframe of the DL association set and the uplink subframe 

is more than 4 ms, the UE has enough processing time to determine whether HARQ-ACK 

reporting is needed in a later subframe without reducing the processing time below 4 ms. 

Similarly, if the associated timing between the DL subframe issuing the UL grant for 

physical uplink shared channel (PUSCH) scheduling and the uplink subframe for PUSCH 

transmission is more than 4 ms, the UE has enough processing time to determine whether 

PUSCH will be transmitted (or not) in a later subframe without reducing the processing 

time below 4 ms. Thus, the guaranteed power may not be reserved for the other cell group 

if the UE knows there will be no uplink transmissions in a later subframe on that cell 

group. 

[0078] Furthermore, the guaranteed power may be reserved only for more important 

uplink control information (UCI). This UCI may include HARQ-ACK or CSI. Because a 

PUSCH without UCI can be power scaled and retransmitted in a HARQ process, the 

guaranteed power for a PUSCH transmission without UCI can be relaxed or removed so 

that the UE can achieve better power efficiency. 

[0079] Various examples of the systems and methods disclosed herein are now 

described with reference to the Figures, where like reference numbers may indicate 

functionally similar elements. The systems and methods as generally described and 

illustrated in the Figures herein could be arranged and designed in a wide variety of 

different implementations. Thus, the following more detailed description of several 

implementations, as represented in the Figures, is not intended to limit scope, as claimed, 

but is merely representative of the systems and methods. 
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[0080] Figure 1 is a block diagram illustrating one configuration of one or more 

evolved Node Bs (eNBs) 160 and one or more user equipments (UEs) 102 in which 

systems and methods for uplink transmission power control may be implemented. The 

one or more UEs 102 may communicate with one or more eNBs 160 using one or more 

antennas 122a-n. For example, a UE 102 transmits electromagnetic signals to the eNB 

160 and receives electromagnetic signals from the eNB 160 using the one or more 

antennas 122a-n. The eNB 160 communicates with the UE 102 using one or more 

antennas 180a-n. 

[0081] It should be noted that in some configurations, one or more of the UEs 102 

described herein may be implemented in a single device. For example, multiple UEs 102 

may be combined into a single device in some implementations. Additionally or 

alternatively, in some configurations, one or more of the eNBs 160 described herein may 

be implemented in a single device. For example, multiple eNBs 160 may be combined 

into a single device in some implementations. In the context of Figure 1, for instance, a 

single device may include one or more UEs 102 in accordance with the systems and 

methods described herein. Additionally or alternatively, one or more eNBs 160 in 

accordance with the systems and methods described herein may be implemented as a 

single device or multiple devices. 

[0082] The UE 102 and the eNB 160 may use one or more channels 119, 121 to 

communicate with each other. For example, a UE 102 may transmit information or data to 

the eNB 160 using one or more uplink channels 121 and signals. Examples of uplink 

channels 121 include a physical uplink control channel (PUCCH) and a physical uplink 

shared channel (PUSCH), etc. Examples of uplink signals include a demodulation 

reference signal (DMRS) and a sounding reference signal (SRS), etc. The one or more 

eNBs 160 may also transmit information or data to the one or more UEs 102 using one or 

more downlink channels 119 and signals, for instance. Examples of downlink channels 

119 include a PDCCH, a PDSCH, etc. Examples of downlink signals include a primary 

synchronization signal (PSS), a cell-specific reference signal (CRS), and a channel state 
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information (CSI) reference signal (CSI-RS), etc. Other kinds of channels or signals may 

be used. 

[0083] Each of the one or more UEs 102 may include one or more transceivers 118, 

one or more demodulators 114, one or more decoders 108, one or more encoders 150, one 

or more modulators 154, one or more data buffers 104 and one or more UE operations 

modules 124. For example, one or more reception and/or transmission paths may be 

implemented in the UE 102. For convenience, only a single transceiver 118, decoder 108, 

demodulator 114, encoder 150 and modulator 154 are illustrated in the UE 102, though 

multiple parallel elements (e.g., transceivers 118, decoders 108, demodulators 114, 

encoders 150 and modulators 154) may be implemented. 

[0084] The transceiver 118 may include one or more receivers 120 and one or more 

transmitters 158. The one or more receivers 120 may receive signals from the eNB 160 

using one or more antennas 122a-n. For example, the receiver 120 may receive and 

downconvert signals to produce one or more received signals 116. The one or more 

received signals 116 may be provided to a demodulator 114. The one or more transmitters 

158 may transmit signals to the eNB 160 using one or more antennas 122a-n. For 

example, the one or more transmitters 158 may upconvert and transmit one or more 

modulated signals 156. 

[0085] The demodulator 114 may demodulate the one or more received signals 116 to 

produce one or more demodulated signals 112. The one or more demodulated signals 112 

may be provided to the decoder 108. The UE 102 may use the decoder 108 to decode 

signals. The decoder 108 may produce one or more decoded signals 106, 110. For 

example, a first UE-decoded signal 106 may comprise received payload data, which may 

be stored in a data buffer 104. A second UE-decoded signal 110 may comprise overhead 

data and/or control data. For example, the second UE-decoded signal 110 may provide 

data that may be used by the UE operations module 124 to perform one or more 

operations. 

[0086] As used herein, the term "module" may mean that a particular element or 

component may be implemented in hardware, software or a combination of hardware and 
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software. However, it should be noted that any element denoted as a "module" herein may 

alternatively be implemented in hardware. For example, the UE operations module 124 

may be implemented in hardware, software or a combination of both. 

[0087] In general, the UE operations module 124 may enable the UE 102 to 

communicate with the one or more eNBs 160. The UE operations module 124 may 

include one or more of a cell group evaluation module 126 and an available transmission 

power determination module 128. The UE operations module 124 may provide the 

benefit of utilizing the radio resources of a first cell group 130a and another cell group 

130b efficiently. 

[0088] The cell group evaluation module 126 may determine that dual-connectivity is 

configured with more than one cell group 130. For example, the UE 102 may be 

connected to the first cell group 130a and the other cell group 130b. In one configuration, 

the first cell group 130a may be a master cell group (MCG) and the other cell group 130b 

may be a secondary cell group (SCG). In another configuration, the first cell group 130a 

may be the SCG and the other cell group 130b may be the MCG. 

[0089] For the uplink transmissions in a subframe n, the cell group evaluation module 

126 may determine if a total scheduled transmission power of the cell groups 130 exceeds 

a maximum allowed transmission power of the UE 102 (Pcmax)- If the total scheduled 

transmission power of the cell groups 130 does not exceed the maximum allowed 

transmission power of the UE 102, then the UE 102 is in a power unlimited case. In this 

case, simultaneous uplink transmission from the cell groups 130 (e.g., MCG and the 

SCG) should be performed independently according to scheduled uplink transmission 

powers and existing priority rules within each cell group 130. 

[0090] In any portion of a subframe, if the total scheduled transmission power of the 

cell groups 130 exceeds the maximum allowed transmission power of the UE 102, then 

the UE 102 is in a power limited case. In this case, if the total scheduled uplink 

transmission powers on the cell groups 130 exceed the maximum allowed transmission 

power of the UE 102, the UE 102 may allocate power to each cell group 130. By 
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allocating power to each cell group 130, the UE 102 may keep the total transmission 

power within the power limit. 

[0091] The cell group evaluation module 126 may determine if the cell groups 130 

(i.e., the first cell group 130a and the other cell group 130b) are asynchronized and 

whether look-ahead with processing time reduction is supported by the UE 102. With 

asynchronized cell groups 130, the subframes in the different cell are not aligned. The 

subframes of one cell group 130 and another cell group 130 may have a time difference 

more than a defined threshold. Therefore, the subframe of one cell group 130 overlaps 

with two subframes of another cell group 130 in asynchronized cell groups 130. In other 

words, in asynchronized cell groups 130, a given subframe n of the first cell group 130a 

overlaps with an earlier subframe m-1 and a later subframe m of the other cell group 

130b. An example of asynchronized cell groups 130 is described in connection with 

Figure 6. 

[0092] The available transmission power determination module 128 may determine 

an available transmission power in a subframe n (Pavailable subframe n) °f a given cell 

group 130. The available transmission power determination module 128 may allocate 

power to the uplink channels 121 in subframe n of a first cell group 130a by replacing 

Pcmax with Pavailable subframe n f°r the first cell group 130a. If processing time reduction 

and look-ahead are not supported by the UE 102, the transmission of an uplink subframe 

in one cell group 130 may not consider the type of channels or information to be 

transmitted in a later subframe of another cell group 130. However, some information can 

be used to determine whether there are potential transmissions in a later subframe m of 

the other cell group 130b to determine power reservation for the other cell group 130b. 

For example, the UE 102 may determine whether there are potential UL transmissions in 

the later subframe m of the other cell group 130b based on semi-static information or 

dynamic information. 

[0093] For semi-static information, there may be a potential UL transmission in a 

later subframe m in the other cell group 130b in certain cases of a semi-static 

configuration. In a first case of semi-static information, the UE 102 may determine that 
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the later subframe m of the other cell group 130b has no uplink allocation based on time 

division duplexing (TDD) uplink/downlink (UL/DL) configurations of the serving cells. 

[0094] In a second case of semi-static information, the UE 102 may determine that a 

later subframe m of the other cell group 130b has an uplink subframe allocation. To 

determine whether there is a potential UL transmission in the later subframe m of the 

other cell group 130b, the UE 102 may determine whether there is a semi-statically 

configured transmission in the later subframe of the other cell group 130b. The semi-

statically configured transmission may include at least one of periodic channel state 

information (CSI) and semi-persistent scheduling (SPS). 

[0095] In a third case of semi-static information, the UE 102 may determine that the 

later subframe of the other cell group 130b has an uplink subframe allocation. To 

determine whether there is a potential UL transmission in the later subframe m of the 

other cell group 130b, the UE 102 may determine whether there is a semi-statically 

configured physical random access channel (PRACH) or scheduling request (SR) 

resources in the later subframe m of the other cell group 130b. 

[0096] Dynamic information or signaling may also indicate whether there is a 

potential UL transmission in a subframe m for a cell group 130. In a first case of dynamic 

information, the UE 102 may determine that the cells in the other cell group 130b include 

one or more elMTA cells. To determine whether there is no potential UL transmission in 

the later subframe m of the other cell group 130b, the UE 102 may determine that a valid 

UL/DL configuration is received in reconfiguration downlink control information (DCI) 

that configures the later subframe of the other cell group 130b as a DL subframe. 

[0097] In a second case of determining that there is no potential UL transmission in 

the later subframe m based on dynamic information, the UE 102 may determine whether 

the later subframe m of the other cell group 130b has no HARQ association linkage or has 

a minimum downlink HARQ association linkage greater than 4 milliseconds. The UE 102 

may also determine whether the later subframe m of the other cell group 130b has an 

uplink scheduling linkage greater than 4 milliseconds. The UE 102 may further determine 

whether there is no PDSCH transmitted in any subframes included in a DL association set 
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of the later subframe m. The UE 102 may additionally determine whether there is no 

PUSCH scheduled in the later subframe m. 

[0098] In a third case of determining that there is no potential UL transmission in the 

later subframe m based on dynamic information, the UE 102 may determine that the cells 

in the other cell group 130b include elMTA cells. The UE 102 may also determine that 

the later subframe m of the other cell group 130b has a minimum downlink HARQ 

association linkage of 4 milliseconds or an uplink scheduling linkage of 4 milliseconds. 

The UE 102 may further determine that there is no PDSCH transmitted in any subframe 

earlier than the fourth subframe before the later subframe (e.g., m-4) in the DL 

association set of the later subframe m. The UE 102 may additionally determine that a 

valid UL/DL configuration is received in a reconfiguration DCI that subframe m-4 as a 

UL subframe. 

[0099] If the UE 102 determines that there is no potential UL transmission in the later 

subframe m of the other cell group 130b, the available transmission power determination 

module 128 may determine the available transmission power in the given subframe n of 

the first cell group 130a as the maximum allowed transmission power of the UE 102 

reduced by the power allocated in the later subframe m of the other cell group 130b. 

However, if the UE 102 determines that there is a potential UL transmission in the later 

subframe m of the other cell group 130b, the available transmission power determination 

module 128 may determine the available transmission power in the given subframe n of 

the first cell group 130a as the maximum allowed transmission power of the UE 102 

reduced by the maximum value of the power allocated in the later subframe m of the 

other cell group 130b or the guaranteed power of the other cell group 130b. 

[00100] The UE 102 may transmit UL channels 121 in a subframe based on the 

available transmission power of the given cell group 130. In one configuration, the UE 

102 may transmit UL channels 121 in the given subframe n of the first cell group 130a by 

replacing the maximum allowed transmission power of the UE 102 (Pcmax) with the 

available transmission power (Pavailable subframe n) °f the first cell group 130a. 
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[00101] The UE operations module 124 may provide information 148 to the one or 

more receivers 120. The UE operations module 124 may also provide information 138 to 

the demodulator 114. For example, the UE operations module 124 may inform the 

demodulator 114 of a modulation pattern anticipated for transmissions from the eNB 160. 

[00102] The UE operations module 124 may provide information 136 to the decoder 

108. For example, the UE operations module 124 may inform the decoder 108 of an 

anticipated encoding for transmissions from the eNB 160. 

[00103] The UE operations module 124 may provide information 142 to the encoder 

150. The information 142 may include data to be encoded and/or instructions for 

encoding. For example, the UE operations module 124 may instruct the encoder 150 to 

encode transmission data 146 and/or other information 142. The other information 142 

may include uplink channel 121 information (e.g., PUSCH or PUCCH) on the first cell 

group 130a or the other cell group 130b. 

[00104] The encoder 150 may encode transmission data 146 and/or other information 

142 provided by the UE operations module 124. For example, encoding the data 146 

and/or other information 142 may involve error detection and/or correction coding, 

mapping data to space, time and/or frequency resources for transmission, multiplexing, 

etc. The encoder 150 may provide encoded data 152 to the modulator 154. 

[00105] The UE operations module 124 may provide information 144 to the modulator 

154. For example, the UE operations module 124 may inform the modulator 154 of a 

modulation type (e.g., constellation mapping) to be used for transmissions to the eNB 

160. The modulator 154 may modulate the encoded data 152 to provide one or more 

modulated signals 156 to the one or more transmitters 158. 

[00106] The UE operations module 124 may provide information 140 to the one or 

more transmitters 158. This information 140 may include instructions for the one or more 

transmitters 158. For example, the UE operations module 124 may instruct the one or 

more transmitters 158 when to transmit a signal to the eNB 160. The one or more 

transmitters 158 may upconvert and transmit the modulated signal(s) 156 to one or more 

eNBs 160. 
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[00107] The eNB 160 may include one or more transceivers 176, one or more 

demodulators 172, one or more decoders 166, one or more encoders 109, one or more 

modulators 113, one or more data buffers 162 and one or more eNB operations modules 

182. For example, one or more reception and/or transmission paths may be implemented 

in an eNB 160. For convenience, only a single transceiver 176, decoder 166, demodulator 

172, encoder 109 and modulator 113 are illustrated in the eNB 160, though multiple 

parallel elements (e.g., transceivers 176, decoders 166, demodulators 172, encoders 109 

and modulators 113) may be implemented. 

[00108] The transceiver 176 may include one or more receivers 178 and one or more 

transmitters 117. The one or more receivers 178 may receive signals from the UE 102 

using one or more antennas 180a-n. For example, the receiver 178 may receive and 

downconvert signals to produce one or more received signals 174. The one or more 

received signals 174 may be provided to a demodulator 172. The one or more transmitters 

117 may transmit signals to the UE 102 using one or more antennas 180a-n. For example, 

the one or more transmitters 117 may upconvert and transmit one or more modulated 

signals 115. 

[00109] The demodulator 172 may demodulate the one or more received signals 174 to 

produce one or more demodulated signals 170. The one or more demodulated signals 170 

may be provided to the decoder 166. The eNB 160 may use the decoder 166 to decode 

signals. The decoder 166 may produce one or more decoded signals 164, 168. For 

example, a first eNB-decoded signal 164 may comprise received payload data, which may 

be stored in a data buffer 162. A second eNB-decoded signal 168 may comprise overhead 

data and/or control data. For example, the second eNB-decoded signal 168 may provide 

data (e.g., PUSCH transmission data) that may be used by the eNB operations module 

182 to perform one or more operations. 

[00110] In general, the eNB operations module 182 may enable the eNB 160 to 

communicate with the one or more UEs 102. The eNB operations module 182 may 

include one or more of a dual-connectivity determination module 196 and an UL channel 

reception module 198. The eNB operations module 182 may provide the benefit of 
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utilizing the radio resources of a first cell group 130a and another cell group 130b 

efficiently. 

[00111] If the eNB 160 supports dual-connectivity, the dual-connectivity determination 

module 196 may determine that dual-connectivity is configured with more than one cell 

group 130. For example, the eNB 160 may provide a first cell group 130a and another 

eNB 160 may provide the other cell group 130b. The cell group 130 may be an MCG or 

an SCG. 

[00112] The dual-connectivity determination module 196 may determine if a 

guaranteed power is configured for each cell group 130 for a UE 102. If a cell group 130 

is configured with a minimum guaranteed power, then the UE 102 may reserve a certain 

amount of power for the other cell group 130 for a potential uplink transmission on the 

other cell group 130b. 

[00113] The dual-connectivity determination module 196 may determine if the cell 

groups are asynchronized and whether look-ahead with processing time reduction is 

supported by the UE 102. An example of asynchronized cell groups 130 is described in 

connection with Figure 6. Two types of operation may be considered based on whether 

look-ahead with processing time reduction is supported by the UE 102. With look-ahead 

operation (look-ahead mode), the transmission of an uplink subframe in one cell group 

130 may consider the type of channels or information to be transmitted in a later 

subframe of another cell group 130. 

[00114] The UL channel reception module 198 may receive uplink channels 121 in a 

subframe based on different assumptions of transmission power of a given cell group 130. 

The UL channel reception module 198 may receive the uplink channels 121 based on 

different assumptions of the available transmission power. If the total scheduled 

transmission power of the cell groups 130 does not exceed the maximum allowed 

transmission power of the UE 102, then the UE 102 is in a power unlimited case. In this 

case, simultaneous uplink transmission from each cell group 130 (e.g., the MCG and the 

SCG) should be performed independently by the eNB 160. The UL channel reception 
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module 198 may expect to receive the uplink channels 121 on the cell group 130 with the 

scheduled power. 

[00115] However, if the total transmission power of the cell groups 130 exceeds the 

maximum allowed transmission power of the UE 102, the cell groups are asynchronized, 

and processing time reduction and look-ahead are not supported by the UE 102, then the 

available transmission power of the first cell group 130a may be determined based on 

whether there is a potential UL transmission in the later subframe of the other cell group 

130b. 

[00116] If processing time reduction and look-ahead are not supported by the UE 102, 

the transmission of an uplink subframe in one cell group 130 may not consider the type of 

channels or information to be transmitted in a later subframe of another cell group 130. 

However, the eNB 160 may consider different assumptions on whether there are UL 

transmissions in the subframe overlapping region of the other cell group 130b for uplink 

reception. In one case, the UL channel reception module 198 may expect to receive the 

uplink channel 121 with the scheduled power (e.g., if there is no uplink transmission in 

any overlapping part of the subframe). In another case, the UL channel reception module 

198 may expect to receive the uplink channel 121 with lower than scheduled power or the 

uplink channel 121 may be dropped due to insufficient power (e.g., if there are uplink 

transmissions in overlapping part of the subframe that reduces the available power for the 

uplink transmission of the subframe on the given cell group 130). 

[00117] The eNB operations module 182 may provide information 190 to the one or 

more receivers 178. For example, the eNB operations module 182 may inform the 

receiver(s) 178 when or when not to receive transmissions based on the received UCI and 

channels. 

[00118] The eNB operations module 182 may provide information 188 to the 

demodulator 172. For example, the eNB operations module 182 may inform the 

demodulator 172 of a modulation pattern anticipated for transmissions from the UE(s) 

102. 
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[00119] The eNB operations module 182 may provide information 186 to the decoder 

166. For example, the eNB operations module 182 may inform the decoder 166 of an 

anticipated encoding for transmissions from the UE(s) 102. 

[00120] The eNB operations module 182 may provide information 101 to the encoder 

109. The information 101 may include data to be encoded and/or instructions for 

encoding. For example, the eNB operations module 182 may instruct the encoder 109 to 

encode transmission data 105 and/or other information 101. 

[00121] In general, the eNB operations module 182 may enable the eNB 160 to 

communicate with one or more network nodes (e.g., a mobility management entity 

(MME), serving gateway (S-GW), eNBs). The eNB operations module 182 may also 

generate a RRC connection reconfiguration message to be signaled to the UE 102. The 

RRC connection reconfiguration message may or may not include SCG configuration 

parameters for SCG 357 addition modification. The eNB operations module 182 may 

send, to the other eNB 160, the RRC connection reconfiguration message to be signaled 

to the UE 102. For example, the other eNB 160 may receive the SCG configuration 

parameters for SCG 357 addition or modification from the eNB 160 as a container. The 

eNB 160 may generate a RRC connection reconfiguration message that may include the 

received container and may send the RRC connection reconfiguration message to the UE 

102. The eNB 160 may just send a RRC connection reconfiguration message included in 

the received container. 

[00122] The encoder 109 may encode transmission data 105 and/or other information 

101 provided by the eNB operations module 182. For example, encoding the data 105 

and/or other information 101 may involve error detection and/or correction coding, 

mapping data to space, time and/or frequency resources for transmission, multiplexing, 

etc. The encoder 109 may provide encoded data 111 to the modulator 113. The 

transmission data 105 may include network data to be relayed to the UE 102. 

[00123] The eNB operations module 182 may provide information 103 to the 

modulator 113. This information 103 may include instructions for the modulator 113. For 

example, the eNB operations module 182 may inform the modulator 113 of a modulation 
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type (e.g., constellation mapping) to be used for transmissions to the UE(s) 102. The 

modulator 113 may modulate the encoded data 111 to provide one or more modulated 

signals 115 to the one or more transmitters 117. 

[00124] The eNB operations module 182 may provide information 192 to the one or 

more transmitters 117. This information 192 may include instructions for the one or more 

transmitters 117. For example, the eNB operations module 182 may instruct the one or 

more transmitters 117 when to (or when not to) transmit a signal to the UE(s) 102. The 

one or more transmitters 117 may upconvert and transmit the modulated signal(s) 115 to 

one or more UEs 102. 

[00125] It should be noted that one or more of the elements or parts thereof included in 

the eNB(s) 160 and UE(s) 102 may be implemented in hardware. For example, one or 

more of these elements or parts thereof may be implemented as a chip, circuitry or 

hardware components, etc. It should also be noted that one or more of the functions or 

methods described herein may be implemented in and/or performed using hardware. For 

example, one or more of the methods described herein may be implemented in and/or 

realized using a chipset, an application-specific integrated circuit (ASIC), a large-scale 

integrated circuit (LSI) or integrated circuit, etc. 

[00126] Figure 2 is a block diagram illustrating configurations of E-UTRAN 

architecture 221 in which systems and methods for uplink transmission power control 

may be implemented. The UE 202 described in connection with Figure 2 may be 

implemented in accordance with the UE 102 described in connection with Figure 1. The 

eNBs 260a-b described in connection with Figure 2 may be implemented in accordance 

with the eNB 160 described in connection with Figure 1. 

[00127] The E-UTRAN architecture for multi-connectivity 221 is one example of E-

UTRAN architecture that may provide dual-connectivity for a UE 202. In this 

configuration, the UE 202 may connect to E-UTRAN 233 via a Uu interface 239 and a 

Uux interface 241. The E-UTRAN 233 may include a first eNB 260a and a second eNB 

260b. The eNBs 260a-b may provide the E-UTRA user plane (PDCP/RLC/MAC/PHY) 

and control plane (RRC) protocol terminations toward the UE 202. The eNBs 260a-b 
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may be interconnected with each other by an X2 interface 237. The SI interfaces 229, 231 

may support a many-to-many relation between MMEs 234, serving gateways 227 and 

eNBs 260a-b. The first eNB (e.g., MeNB) 260a and the second eNB (e.g., SeNB) 260b 

may also be interconnected with each other by means of one or more X interfaces 235, 

which may or may not be the same as the S1-MME 229 and/or X2 interface 237. 

[00128] The eNBs 260 may host a variety of functions. For example, the eNBs 260 

may host functions for radio resource management (e.g., radio bearer control, radio 

admission control, connection mobility control, dynamic allocation of resources to UEs 

202 in both uplink and downlink (scheduling)). The eNBs 260 may also perform IP 

header compression and encryption of user data stream; selection of an MME 234 at UE 

202 attachment when no routing to an MME 234 can be determined from the information 

provided by the UE 202; and routing of user plane data toward the serving gateway 227. 

The eNBs 260 may additionally perform scheduling and transmission of paging messages 

(originated from the MME 234); scheduling and transmission of broadcast information 

(originated from the MME or operation and maintenance (O&M)); measurement and 

measurement reporting configuration for mobility and scheduling; and scheduling and 

transmission of the public warning system (PWS) (which may include the earthquake and 

tsunami warning system (ETWS) and commercial mobile alert system (CMAS)) 

messages (originated from the MME 234). The eNBs 260 may further perform closed 

subscriber group (CSG) handling and transport level packet marking in the uplink. 

[00129] The MME 234 may host a variety of functions. For example, the MME 234 

may perform Non-Access Stratum (NAS) signaling; NAS signaling security; access 

stratum (AS) security control; inter core network (CN) node signaling for mobility 

between 3GPP access networks; and idle mode UE Reachability (including control and 

execution of paging retransmission). The MME 234 may also perform tracking area list 

management (for a UE 202 in idle and active mode); packet data network gateway (PDN 

GW) and S-GW selection; MME 234 selection for handovers with MME 234 change; and 

Serving GPRS Support Node (SGSN) selection for handovers to 2G or 3G 3GPP access 

networks. The MME 234 may additionally host roaming, authentication and bearer 
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management functions (including dedicated bearer establishment). The MME 234 may 

provide support for PWS (which includes ETWS and CMAS) message transmission, and 

may optionally perform paging optimization. 

[00130] The S-GW 227 may also host the following functions. The S-GW 227 may 

host the local mobility anchor point for inter-eNB 260 handover. The S-GW 227 may 

perform mobility anchoring for inter-3GPP mobility; E-UTRAN idle mode downlink 

packet buffering and initiation of network triggered service request procedure; lawful 

interception; and packet routing and forwarding. The S-GW 227 may also perform 

transport level packet marking in the uplink and the downlink; accounting on user and 

QoS Class Identifier (QCI) granularity for inter-operator charging; and uplink (UL) and 

downlink (DL) charging per UE 202, packet data network (PDN), and QCI. 

[00131] The radio protocol architecture of E-UTRAN 233 may include the user plane 

and the control plane. The user plane protocol stack may include PDCP, RLC, MAC and 

PHY sublayers. The PDCP, RLC, MAC and PHY sublayers (terminated at the eNB 260a 

on the network) may perform functions (e.g., header compression, ciphering, scheduling, 

ARQ and HARQ) for the user plane. PDCP entities are located in the PDCP sublayer. 

RLC entities are located in the RLC sublayer. MAC entities are located in the MAC 

sublayer. The PHY entities are located in the PHY sublayer. 

[00132] The control plane may include a control plane protocol stack. The PDCP 

sublayer (terminated in eNB 260a on the network side) may perform functions (e.g., 

ciphering and integrity protection) for the control plane. The RLC and MAC sublayers 

(terminated in eNB on the network side) may perform the same functions as for the user 

plane. The RRC (terminated in eNB 260a on the network side) may perform the 

following functions. The RRC may perform broadcast functions, paging, RRC connection 

management, radio bearer (RB) control, mobility functions, UE 202 measurement 

reporting and control. The NAS control protocol (terminated in MME 234 on the network 

side) may perform, among other things, evolved packet system (EPS) bearer 

management, authentication, evolved packet system connection management (ECM)-

IDLE mobility handling, paging origination in ECM-IDLE and security control. 
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[00133] The first eNB 260a and the second eNB 260b may be connected by the SI 

interfaces 229, 231 to the EPC 223. The first eNB 260a may be connected to the MME 

234 by the SI-MME interface 229. In one configuration, the second eNB 260b may be 

connected to the serving gateway 227 by the Sl-U interface 231 (as indicated by a dashed 

line). The first eNB 260a may behave as the MME 234 for the second eNB 260b so that 

SI-MME interface 229 for the second eNB 260b may be connected (via the X interface 

235, for instance) between the first eNB 260a and the second eNB 260b. Therefore, the 

first eNB 260a may appear to the second eNB 260b as an MME 234 (based on the Sl-

MME interface 229) and an eNB 260 (based on the X2 interface 237). 

[00134] In another configuration, first eNB 260a may also be connected to the serving 

gateway 227 by the Sl-U interface 231 (as indicated by a dashed line). Therefore, the 

second eNB 260b may not be connected to the EPC 223. The first eNB 260a may appear 

to the second eNB 260b as an MME 234 (based on the Sl-MME interface 229), an eNB 

(based on the X2 interface 237), and an S-GW 227 (based on the Sl-U interface 231). 

This architecture 221 may provide a single node SI interface 229, 231 (e.g., connection) 

with the EPC 223 for the first eNB 260a and the second eNB 260b. By the single node 

connection with EPC 223, MME 234 S-GW 227, a change (e.g., handover) could be 

mitigated as long as the UE 202 is in the coverage of the first eNB 260a. 

[00135] Figure 3 is a block diagram illustrating one configuration of an E-UTRAN 333 

and a UE 302 in which systems and methods for uplink transmission power control may 

be implemented. The UE 302 and the E-UTRAN 333 described in connection with Figure 

3 may be implemented in accordance with corresponding elements described in 

connection with at least one of Figures 1 and 2. 

[00136] In traditional carrier aggregation, a single eNB 360 is assumed to provide 

multiple serving cells 351 for a UE 302. Even in scenarios where two or more cells 351 

may be aggregated (e.g., a macro cell aggregated with remote radio head (RRH) cells 

351), the cells 351 may be controlled (e.g., scheduled) by a single eNB 360. However, in 

a small cell deployment scenario, each eNB 360 (e.g., node) may have its own 
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independent scheduler. To utilize radio resources of both eNBs 360a-b, the UE 302 may 

connect to both eNBs 360a-b. 

[00137] When carrier aggregation is configured, the UE 302 may have one RRC 

connection with the network. A radio interface may provide carrier aggregation. During 

RRC connection establishment, re-establishment and handover, one serving cell 351 may 

provide NAS mobility information (e.g., a tracking area identity (TAI)). During RRC 

connection re-establishment and handover, one serving cell 351 may provide a security 

input. This cell 351 may be referred to as the primary cell (PCell). In the downlink, the 

component carrier corresponding to the PCell may be the downlink primary component 

carrier (DL PCC), while in the uplink it may be the uplink primary component carrier (UL 

PCC). 

[00138] Depending on UE 302 capabilities, one or more SCells may be configured to 

form together with the PCell a set of serving cells 351a-f. In the downlink, the 

component carrier corresponding to a SCell may be a downlink secondary component 

carrier (DL SCC), while in the uplink it may be an uplink secondary component carrier 

(ULSCC). 

[00139] The configured set of serving cells 351a-f for the UE 302, therefore, may 

consist of one PCell and one or more SCells. For each SCell, the usage of uplink 

resources by the UE 302 (in addition to the downlink resources) may be configurable. The 

number of DL SCCs configured may be larger than or equal to the number of UL SCCs 

and no SCell may be configured for usage of uplink resources only. 

[00140] From a UE 302 viewpoint, each uplink resource may belong to one serving 

cell 351. The number of serving cells 351 that may be configured depends on the 

aggregation capability of the UE 302. The PCell may only be changed using a handover 

procedure (e.g., with a security key change and a random access channel (RACH) 

procedure). The PCell may be used for transmission of the PUCCH. Unlike the SCells, 

the PCell may not be de-activated. Re-establishment may be triggered when the PCell 

experiences radio link failure (RLF), not when the SCells experience RLF. Furthermore, 

NAS information may be taken from the PCell. 
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[00141] The reconfiguration, addition and removal of SCells may be performed by an 

RRC 359. At intra-LTE handover, RRC 359 may also add, remove or reconfigure SCells 

for usage with a target PCell. When adding a new SCell, dedicated RRC signaling may be 

used for sending all required system information of the SCell (e.g., while in connected 

mode, UEs 302 need not acquire broadcasted system information directly from the 

SCells). 

[00142] However, to connect to both eNBs 360 that have different schedulers, dual-

connectivity between the UE 302 and E-UTRAN 333 may be required. In addition to 

Release-11 operation, a UE 302 operating according to Release-12 may be configured 

with dual-connectivity (which may also be called multi-connectivity, inter-node carrier 

aggregation, inter-node radio aggregation, multi-flow, multi-cell cluster, multi-Uu, etc.). 

[00143] The UE 302 may connect to E-UTRAN 333 with multiple Uu interfaces 239, 

241, if configured. For example, a UE 302 may be configured to establish an additional 

radio interface (e.g., radio connection 353) by using one radio interface (radio connection 

353). Hereafter, one eNB 360 is referred to as a master eNB (MeNB) 360a, which may 

also be called a primary eNB (PeNB). Another eNB 360 is referred to as s secondary eNB 

(SeNB) 360b. The Uu interface 239 (which may be called primary Uu interface) is a radio 

interface between the UE 302 and the MeNB 360a. The Uux interface 241 (which may be 

called secondary Uu interface) is a radio interface between the UE 302 and the SeNB 

360b. 

[00144] In one configuration, the UE 302 may not be required to be aware of the 

MeNB 360a and SeNB 260b as long as the UE 302 is aware of multiple Uu interfaces 

239, 241 (i.e., MCG 355 and SCG 357) with the E-UTRAN 333. Also, the E-UTRAN 

333 may provide multiple Uu interfaces with the same or different eNBs 360. 

[00145] In one configuration, the MeNB 360a and SeNB 360b could be the same eNB 

360. The multiple Uu interfaces 239, 241 (e.g., dual-connectivity) can be achieved even 

by a single eNB 360. The UE 302 may be able to connect more than one Uux interface 

241 (e.g., Uul, Uu2, Uu3...). Each Uu interface 239, 241 can have carrier aggregation. 

Therefore, the UE 302 may be configured with more than one set of serving cells 351 in 
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case of carrier aggregation (CA). In dual connectivity (i.e, two sets), one set of serving 

cells 351 may be the MCG 355, another set of serving cells may be the SCG 357. 

[00146] Multiple Uu interfaces 239, 241 are described herein, but this functionality 

could be realized by a single Uu interface 239 depending on the definition of Uu interface 

239. Dual-connectivity may be realized by a single Uu interface 239 or a single radio 

interface depending on the definition of the interface. A radio interface can be defined as 

an interface between a UE 302 and the E-UTRAN 333, but not an interface between the 

UE 302 and an eNB 360. For example, one radio interface can be defined as an interface 

between a UE 302 and the E-UTRAN 333 with dual-connectivity. Therefore, the 

difference between the Uu 239 and Uux 241 above may be considered as a characteristic 

of cells 351. The Uu interface 239 and the Uux interface 241 may be rephrased by a set A 

of cell(s) and a set B of cell(s), respectively. Also, a radio interface and an additional radio 

interface can be rephrased by a master cell group (MCG) 355 and secondary cell group 

(SCG) 357, respectively. 

[00147] In some implementations, the E-UTRAN 333 may include a MeNB 360a and 

a SeNB 360b. The UE 302 may communicate with the MeNB 360a via a first radio 

connection 353a. The UE 302 may communicate with the SeNB 360b via the second 

radio connection 353b. While Figure 3 depicts one first radio connection 353a and one 

second radio connection 353b, the UE 302 may be configured with one first radio 

connection 353a and one or more second radio connections 353b. The MeNB 360a and 

SeNB 360b may be implemented in accordance with the eNB 160 described in 

connection with Figure 1. 

[00148] The MeNB 360a may provide multiple cells 351a-c for connection to one or 

more UEs 302. For example, the MeNB 360a may provide cell A 351a, cell B 351b and 

cell C 351c. Similarly, the SeNB 360b may provide multiple cells 351d-f. The UE 302 

may be configured to transmit/receive on one or more cells (e.g., cell A 351a, cell B 351b 

and cell C 351c) for the first radio connection 353a (e.g., a master cell group (MCG) 

355). The UE 302 may also be configured to transmit/receive on one or more other cells 
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(e.g., cell D 35 Id, cell E 35 le and cell F 35 If) for the second radio connection 353b (e.g., 

a secondary cell group (SCG) 357). 

[00149] The MCG 355 may contain one PCell and one or more optional SCell(s). The 

SCG 357 may contain one PCell-like cell (that may be called PCell, primary SCell 

(PSCell), secondary PCell (SPCell), PCellscg, SCG PCell, etc.) and one or more optional 

SCell(s). If the UE 302 is configured to transmit/receive on multiple cells 351a-f for a 

radio connection 353a-b, a carrier aggregation operation may be applied to the radio 

connection 353a-b. In one configuration, each radio connection 353 may be configured 

with a primary cell and no, one or more secondary cell(s). In another configuration, at 

least one radio connection 353 may be configured with a primary cell and no, one or more 

secondary cell(s) and the other radio connections 353 may be configured with one or 

more secondary cell(s). In yet another configuration, at least one radio connection 353 

may be configured with a primary cell and no, one or more secondary cell(s) and the other 

radio connections 353 may be configured with a PCell-like cell and no, one or more 

secondary cell(s). 

[00150] One MAC entity 361 and one PHY entity 363 may be mapped to one cell 

group 130. For example, a first MAC entity 361a and a first PHY entity 363a may be 

mapped to the MCG 355. Similarly, a second MAC entity 361b and a second PHY entity 

363b may be mapped to the SCG 357. The UE 302 may be configured with one MCG 

355 (e.g., the first radio connection 353a) and optionally one or more SCG(s) 357 (e.g., 

the second radio connection 353b). 

[00151] The MeNB 360a manages and stores UE contexts for the first radio 

connection 353a. The UE contexts may be RRC contexts (e.g., configurations, configured 

cells 351, security information, etc.), QoS information and UE 302 identities for each UE 

302 for configured cells 351 for the UE 302. For example, the MeNB 360a may manage 

and store a first UE context 343a, a second UE context 345 and a third UE context 347. 

[00152] The SeNB 360b manages and stores UE contexts for the second radio 

connection 353b for each UE 302 for configured cells 351 for the UE 302. For example, 

the SeNB 360b may manage and store the first UE context 343b and a fourth UE context 
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349. An eNB 360 can behave as both MeNB 360a and SeNB 360b. Therefore, the eNB 

360 may manage and store UE contexts for UEs 302 connected to a first radio connection 

353a and UE contexts for UEs 302 connected to a second radio connection 353b. 

[00153] In some implementations, the MAC entities 361a-b may have an interface 

with an RRC entity 359. The RRC entity 359 may receive RRC messages (e.g., RRC 

connection reconfiguration message, connection control message, handover command, 

etc.) from a RRC entity (not shown) of the E-UTRAN 333. The RRC entity 359 may also 

transmit RRC messages (e.g. RRC connection reconfiguration complete message) to the 

RRC entity (not shown) of the E-UTRAN 333. 

[00154] Figure 4 is a flow diagram illustrating one implementation of a method 400 

for uplink transmission power control by a UE 102. In dual-connectivity, a UE 102 may 

be connected to one or more cell groups 130. If the UE 102 supports dual-connectivity, 

the UE 102 may determine 402 that dual-connectivity is configured with more than one 

cell group 130. For example, the UE 102 may be connected to an MCG 355 and an SCG 

357. In one configuration, a first cell group 130a may be the MCG 355 and the other cell 

group 130b may be the SCG 357. In another configuration, the first cell group 130a may 

be the SCG 357 and the other cell group 130b may be the MCG 355. 

[00155] For the uplink transmissions in a subframe n, the UE 102 may determine 404 

if a total scheduled transmission power of the cell groups 130 exceeds a maximum 

allowed transmission power of the UE 102 (Pcmax)- If the total scheduled transmission 

power of the cell groups 130 does not exceed the maximum allowed transmission power 

of the UE 102, then the UE 102 is in a power unlimited case. In this case, simultaneous 

uplink transmission from the cell groups 130 (e.g., the MCG 355 and the SCG 357) 

should be performed independently according to scheduled uplink transmission powers 

and existing priority rules within each cell group 130. 

[00156] In any portion of a subframe, if the total scheduled transmission power of the 

cell groups 130 exceeds the maximum allowed transmission power of the UE 102, then 

the UE 102 is in a power limited case. In this case, if the total scheduled uplink 

transmission powers on the cell groups 130 exceed the maximum allowed transmission 
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power of the UE 102, the UE 102 may allocate power to each cell group 130. By 

allocating power to each cell group 130, the UE 102 may keep the total transmission 

power within the power limit. 

[00157] The UE 102 may determine 406 if the cell groups 130 (i.e., the first cell group 

130a and the other cell group 130b) are asynchronized and whether look-ahead with 

processing time reduction is supported by the UE 102. With asynchronized cell groups 

130, the subframes in the different cells are not aligned. The subframes of one cell group 

130 and another cell group 130 may have a time difference more than a defined threshold. 

Therefore, the subframe of one cell group 130 overlaps with two subframes of another 

cell group 130 in asynchronized cell groups 130. In other words, in asynchronized cell 

groups 130, a given subframe n of the first cell group 130a overlaps with an earlier 

subframe m-1 and a later subframe m of the other cell group 130b. An example of 

asynchronized cell groups 130 is described in connection with Figure 6. 

[00158] Two types of operation may be considered based on whether look-ahead with 

processing time reduction is supported by the UE 102 or not. With look-ahead operation 

(look-ahead mode), the transmission of an uplink subframe in one cell group 130 may 

consider the type of channels or information to be transmitted in a later subframe of 

another cell group 130. Because the minimum association timing for an LTE 

configuration is 4 ms, look-ahead may have a reduced processing time as short as 3 ms. 

[00159] In LTE, the minimum time between a PDSCH or PUSCH transmission and 

corresponding HARQ-ACK response, and between a uplink scheduling 

PDCCH/EPDCCH to the uplink transmission is 4 ms. Thus, the processing time can be 

regarded as 4ms. Look ahead is defined as the UE 102 knows the actual UL 

transmission(s) in the latter part of the overlap portion. Thus, the minimum time for the 

above processing will be less than 4 ms. In the worst case scenario, the processing time 

could be as short as 3 ms. 

[00160] The UE 102 may determine 408 an available transmission power in a 

subframe n (Pavailable subframe n) °f a given cell group 130. The UE 102 may allocate 

power to the uplink channels 121 in subframe n of a first cell group 130a by replacing 
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PCmax with Pavailable subframe n f°r the first cell group 130a. If processing time reduction 

and look-ahead are not supported by the UE 102, the transmission of an uplink subframe 

in one cell group 130 may not consider the type of channels or information to be 

transmitted in a later subframe of another cell group 130. However, some information can 

be used to determine whether there are potential transmissions in a later subframe m of 

the other cell group 130b to determine power reservation for the other cell group 130b. 

For example, the UE 102 may determine whether there are potential UL transmissions in 

the later subframe m of the other cell group 130b based on semi-static information or 

dynamic information. 

[00161] For semi-static information, for a later subframe m in the other cell group 

130b, there may be a potential UL transmission in certain cases of a semi-static 

configuration. In a first case of semi-static information, the UE 102 may determine that 

the later subframe m of the other cell group 130b has no uplink allocation based on time 

division duplexing (TDD) uplink/downlink (UL/DL) configurations of the serving cells. 

[00162] In a second case of semi-static information, the UE 102 may determine that a 

later subframe m of the other cell group 130b has an uplink subframe allocation. To 

determine whether there is a potential UL transmission in the later subframe m of the 

other cell group 130b, the UE 102 may determine whether there is a semi-statically 

configured transmission in the later subframe of the other cell group 130b. The semi-

statically configured transmission may include at least one of periodic channel state 

information (CSI) and semi-persistent scheduling (SPS). 

[00163] In a third case of semi-static information, the UE 102 may determine that the 

later subframe of the other cell group 130b has an uplink subframe allocation. To 

determine whether there is a potential UL transmission in the later subframe m of the 

other cell group 130b, the UE 102 may determine whether there is a semi-statically 

configured physical random access channel (PRACH) or scheduling request (SR) 

resources in the later subframe m of the other cell group 130b. 

[00164] Dynamic information or signaling may also indicate whether there is a 

potential UL transmission in a subframe m for a cell group 130. In a first case of dynamic 
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information, the UE 102 may determine that the cells in the other cell group 130b include 

one or more elMTA cells. To determine whether there is no potential UL transmission in 

the later subframe m of the other cell group 130b, the UE 102 may determine that a valid 

UL/DL configuration is received in reconfiguration downlink control information (DCI) 

that configures the later subframe of the other cell group 130b as a DL subframe. 

[00165] In a second case of determining that there is no potential UL transmission in 

the later subframe m based on dynamic information, the UE 102 may determine whether 

the later subframe m of the other cell group 130b has no HARQ association linkage or has 

a minimum downlink HARQ association linkage greater than 4 milliseconds. The UE 102 

may also determine whether the later subframe m of the other cell group 130b has an 

uplink scheduling linkage greater than 4 milliseconds. The UE 102 may further determine 

whether there is no PDSCH transmitted in any subframes included in a DL association set 

of the later subframe m. The UE 102 may additionally determine whether there is no 

PUSCH scheduled in the later subframe m. 

[00166] In a third case of determining that there is no potential UL transmission in the 

later subframe m based on dynamic information, the UE 102 may determine that the cells 

in the other cell group 130b include elMTA cells. The UE 102 may also determine that 

the later subframe m of the other cell group 130b has a minimum downlink HARQ 

association linkage of 4 milliseconds or an uplink scheduling linkage of 4 milliseconds. 

The UE 102 may further determine that there is no PDSCH transmitted in any subframe 

earlier than the fourth subframe before the later subframe (e.g., m-4) in the DL 

association set of the later subframe m. The UE 102 may additionally determine that a 

valid UL/DL configuration is received in a reconfiguration DCI that subframe m-4 as a 

UL subframe. 

[00167] If the UE 102 determines that there is no potential UL transmission in the later 

subframe m of the other cell group 130b, the UE 102 may determine the available 

transmission power in the given subframe n of the first cell group 130a as the maximum 

allowed transmission power of the UE 102 reduced by the power allocated in the later 

subframe m of the other cell group 130b. However, if the UE 102 determines that there is 



WO 2016/011405 PCT/US2015/040991 

-40-

a potential UL transmission in the later subframe m of the other cell group 130b, the UE 

102 may determine the available transmission power in the given subframe n of the first 

cell group 130a as the maximum allowed transmission power of the UE 102 reduced by 

the maximum value of the power allocated in the later subframe m of the other cell group 

130b or the guaranteed power of the other cell group 130b. 

[00168] The UE 102 may transmit 410 UL channels 121 in a subframe based on the 

available transmission power of the given cell group 130. In one configuration, the UE 

102 may transmit 410 UL channels 121 in the given subframe n of the first cell group 

130a by replacing the maximum allowed transmission power of the UE 102 (Pcmax) with 

the available transmission power (Pavailable subframe n) °f the first cell group 130a. 

[00169] Figure 5 is a flow diagram illustrating one implementation of a method 500 

for uplink transmission power control by an eNB 160. In dual-connectivity, an eNB 160 

may provide multiple cells 351 for connection to one or more UEs 102. The eNB 160 

may provide a radio connection 353 for the one or more cells 351. The one or more cells 

351 may form a cell group 130. If the eNB 160 supports dual-connectivity, the eNB 160 

may determine 502 that dual-connectivity is configured with more than one cell group 

130. For example, the eNB 160 may provide a first cell group 130a and another eNB 160 

may provide the other cell group 130b. The cell group 130 may be an MCG 355 or an 

SCG 357. 

[00170] The eNB 160 may determine 504 if a guaranteed power is configured for each 

cell group 130 for a UE 102. If a cell group 130 is configured with a minimum guaranteed 

power, then the UE 102 may reserve a certain amount of power for the other cell group 

130 for a potential uplink transmission on the other cell group 130b. 

[00171] The eNB 160 may determine 506 if the cell groups are asynchronized and 

whether look-ahead with processing time reduction is supported by the UE 102. With 

asynchronized cell groups 130, the subframes in the different cell are not aligned. The 

subframes of one cell group 130 and another cell group 130 may have a time difference 

more than a defined threshold. Therefore, the subframe of one cell group 130 overlaps 

with two subframes of another cell group 130 in asynchronized cell groups 130. In other 
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words, in asynchronized cell groups 130, a given subframe n of the first cell group 130a 

overlaps with an earlier subframe m-1 and a later subframe m of the other cell group 

130b. An example of asynchronized cell groups 130 is described in connection with 

Figure 6. 

[00172] Two types of operation may be considered based on whether look-ahead with 

processing time reduction is supported by the UE 102. With look-ahead operation (look-

ahead mode), the transmission of an uplink subframe in one cell group 130 may consider 

the type of channels or information to be transmitted in a later subframe of another cell 

group 130. 

[00173] The eNB 160 may receive 508 uplink channels 121 in a subframe based on an 

available transmission power of a given cell group 130. The eNB 160 may receive 508 

the uplink channels 121 based on different assumptions of the available transmission 

power. If the total scheduled transmission power of the cell groups 130 does not exceed 

the maximum allowed transmission power of the UE 102, then the UE 102 is in a power 

unlimited case. In this case, simultaneous uplink transmission from each cell group 130 

(e.g., the MCG 355 and the SCG 357) should be performed independently by the UE 102. 

The eNB 160 may expect to receive the uplink channels 121 on the cell group 130 with 

the scheduled power. 

[00174] However, if the total transmission power of the cell groups 130 exceeds the 

maximum allowed transmission power of the UE 102, the cell groups are asynchronized, 

and processing time reduction and look-ahead are not supported by the UE 102, then the 

available transmission power of the first cell group 130a may be determined based on 

whether there is a potential UL transmission in the later subframe of the other cell group 

130b. 

[00175] If processing time reduction and look-ahead are not supported by the UE 102, 

the transmission of an uplink subframe in one cell group 130 may not consider the type of 

channels or information to be transmitted in a later subframe of another cell group 130. 

However, the eNB 160 may consider different assumptions on whether there are UL 

transmissions in the subframe overlapping region of the other cell group 130b for uplink 
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reception. In one case, the eNB 160 may expect to receive the uplink channel 121 with 

the scheduled power (e.g., if there is no uplink transmission in any overlapping part of the 

subframe). In another case, the eNB 160 may expect to receive the uplink channel 121 

with lower than scheduled power or the uplink channel 121 may be dropped due to 

insufficient power (e.g., if there are uplink transmissions in overlapping part of the 

subframe that reduces the available power for the uplink transmission of the subframe on 

the given cell group 130). 

[00176] It should be noted that the eNB 160 may not be able to get semi-static or 

dynamic information from other eNB 160 in dual-connectivity operation. In this case, the 

eNB 160 cannot estimate whether there is transmission to the other eNB 160 or not, or 

whether the UE 102 is operate in power limited case or not. Thus, the eNB 160 can 

expect to receive: (1) the uplink channel 121 with scheduled power; (2) the uplink 

channel 121 with a reduced power due to power limitation and transmission on the other 

cell group 130b; or (3) a dropped uplink channel 121 due to power limitation and 

transmission on the other cell group 130b. 

[00177] Figure 6 illustrates asynchronized cell groups 130 in dual-connectivity. The 

subframes in a first cell group 630a are not aligned with the subframes in the other cell 

group 630b. In one configuration, the first cell group 630a may be an MCG 355 and the 

other cell group 630b may be an SCG 357. 

[00178] In the first cell group 630a, for the UL transmission in subframe n at time t, 

the UE 102 may consider not only the overlapping part of subframe m-1 on the other cell 

group 630b, but also a later subframe m on the other cell group 630b. The amount of 

overlap between the earlier subframe m-1 and the later subframe m may be defined as A. 

The value of A can be as long as approximately 1 ms. However, the UE 102 may not 

know what information and power requirement is at time t-i- A. 

[00179] Figure 7 illustrates different examples 701 for determining an available 

transmission power. The subframes in a first cell group 730a are not aligned with the 

subframes in the other cell group 730b. In other words, the cell groups are asynchronized 

cell groups. 
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[00180] If a minimum guaranteed power allocation for a secondary eNB 160 

(P_SeNB) and/or primary eNB 160 (P_MeNB) are configured (i.e., P_SeNB >=0, 

P_MeNB >=0; and P_SeNB+P_MeNB <= 100%) and if look-ahead is not assumed, the 

UE 102 should reserve P_SeNB and/or P_MeNB towards each eNB 160 if there is 

potential uplink transmission. However, if the UE 102 knows it does not have a 

transmission in the other cell group 730b in overlapped subframes based on at least semi-

static information (e.g., a TDD UL/DL configuration), the UE 102 may not reserve the 

power for that cell group 730b. For the remaining power, an earlier transmission is higher 

priority. 

[00181] For a UL transmission, the transmission power should be constant in the 

subframe. Therefore, in a no look-ahead case (non-look-ahead mode), the transmission 

power of a cell group 730 may be scheduled as follows. Assuming that subframe n of a 

first cell group 730a overlaps with subframe m-1 and subframe m of the other cell group 

730b, if there is a potential UL transmission in subframe m of the other cell group 730b, 

then a minimum guaranteed power should be reserved for the other cell group 730b. 

Thus, the available power for the UL transmission in subframe n of the first cell group 

730a is given according to Equation (1): 

[00182] In Equation (1), PaVailable _ subframe _n (also referred to as PCGI,«) is the 

available transmission power in the given subframe n of the first cell group 730a. 

Pc max is the maximum allowed transmission power of the UE 102. 

^allocated _ subframe _ m—\ _ olherCG (also referred to as PcG2,m-\) is the power 

allocated on the earlier subframe m-1 of the other cell group 730b. fm jn otherCG (also 

referred to as Pouaranteed.cGi) is the minimum guaranteed power configured for the other 

cell group 730b (i.e. P_MeNB if the other cell group 730b is the MCG 355 and P_SeNB 

if the other cell group 730b is the SCG 357). 

Favailable _ subframe _n ~ max max 
Fallocated _ subframe _ m-1 _ otherCG' 

v^min _otherCG y y 

(1) 
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[00183] Figure 7 shows two examples 701 of no look-ahead power allocation if there 

is a potential UL transmission in a later subframe m of another cell group 730b. In the 

first example 701a, the allocated power on the earlier subframe m-1 of the other cell 

group (Pallocated _subframe_m-l_otherCG) is greater than the minimum guaranteed 

power (/min otherCG )• Therefore, in this example, the available transmission power 

[Pavailable _ _ subframe _n) is determined by 

Pcmax - Pallocated _subframe_m—1 _otherCG • 

[00184] In the second example 701b, the allocated power on the earlier subframe m-1 

of the other cell group ( Pallocated _ subframe _m—l_ otherCG ) 's less than the 

minimum guaranteed power (/min otherCG )• Therefore, in this example, the available 

transmission power ( PaVailable _ subframe _n ) is determined by Pc max -

^min_ otherCG • 

[00185] If the UE 102 knows that it does not have a transmission in the other cell 

group 730b in overlapped later subframe m, the UE 102 may not reserve the power for the 

other cell group 730b. In this case, the available transmission power in the given 

subframe n of the first cell group 730a is given according to Equation (2). 

Pavailable _ subframe _n= Pc max - Pallocated _ subframe _m—1 _ otherCG (2) 

[00186] Figure 8 is a flow diagram illustrating a detailed implementation of a method 

800 for uplink transmission power control by a UE 102. A UE 102 may support dual-

connectivity. In this case, the UE 102 may determine that dual-connectivity is configured 

with more than one cell group 130. For example, the UE 102 may be connected to a first 

cell group 130a and another cell group 130b. 

[00187] The UE 102 may determine 802 that a guaranteed power is configured for a 

cell group 130. If a cell group 130 is configured with a minimum guaranteed power, then 

the UE 102 may reserve a certain amount of power for the other cell group 130b for a 

potential uplink transmission on the other cell group 130b. 
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[00188] The UE 102 may determine 804 whether there is a potential UL transmission 

in a later subframe m of the other cell group 130b. For a subframe m in a cell group 130, 

there may be a potential UL transmission in certain cases of semi-static configuration. On 

a PCell or an sPCell, a semi-persistent scheduling (SPS) may be scheduled in the later 

subframe m. Periodic CSI reporting may be scheduled in the later subframe m. 

Additionally, periodic sounding reference signals (SRS) may be scheduled in the later 

subframe m. Moreover, if the later subframe m is configured with PRACH resources, the 

UE 102 may transmit PRACH in the later subframe m. 

[00189] In other cases, the UL transmission can be dynamically scheduled by downlink 

control information (DCI) format 0/4 for a PUSCH transmission, a physical HARQ 

indicator channel (PHICH) indication, or an aperiodic CSI triggering, which is 

determined by the UL scheduling timing. The UL transmission can be HARQ-ACK 

feedback corresponding to PDSCH transmissions in earlier subframes, which is 

determined by the DL HARQ-ACK timing. 

[00190] For a cell group 130 following FDD timing (e.g., a cell group 130 with an 

FDD cell as the PCell or sPCell in FDD CA or TDD-FDD CA), a fixed 4 ms association 

timing may be used for both DL HARQ-ACK and UL scheduling timing. In this case, if 

processing time reduction cannot be assumed for all UEs 102, no look-ahead can be 

applied. There is a potential UL scheduling or DL transmission in subframe m-4, for 

which the UE 102 may need to perform PUSCH transmission or HARQ-ACK feedback 

in subframe m. Thus, if no look-ahead is applied, for a UL subframe n in a first cell group 

130a, if the other cell group 130b is following FDD timing, the guaranteed power should 

be reserved for the other cell group 130b. 

[00191] However, if a cell group 130 following TDD timing (e.g., a cell group 130 

with a TDD cell as the PCell or sPCell in TDD CA or TDD-FDD CA), the DL and UL 

scheduling and HARQ-ACK timing may have variable subframe intervals. Furthermore, 

the DL timing may follow a DL reference configuration and UL timing may follow a UL 

reference configuration. The DL and UL reference configurations may be the same or 

different. 
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[00192] For a TDD serving cell, the semi-static information (e.g., the TDD UL/DL 

configuration), can be used to determine if there is a potential uplink transmission on a 

cell group 130. It should be noted that if a serving cell is configured with TDD, the 

subframes that are configured as DL will not have any uplink transmission on the cell. 

[00193] Another type of semi-static resource may include the PRACH and SR 

resources. Based on the random access channel parameters (e.g., PRACH configuration 

and frequency position), if a subframe (e.g., subframe n, subframe m, subframe m-1) is 

configured for PRACH, the UE 102 should reserve the guaranteed power since PRACH 

has higher priority than other channels in the same cell group 130. Otherwise, the UE may 

not have to reserve the guaranteed power for PRACH. Similarly, if a subframe is 

configured with an SR resource in a cell group 130, the UE 102 should reserve the 

guaranteed power for the cell group 130. The SR should have higher priority than other 

UCI, such as HARQ-ACK and CSI. 

[00194] Dynamic information or signaling may also indicate whether there is a 

potential UL transmission in a subframe for a cell group 130. A first type of dynamic 

information may include a valid TDD UL/DL configuration received in a reconfiguration 

downlink control information (DCI) for a TDD cell supporting dynamic UL/DL 

configuration with traffic adaptation (i.e., an elMTA TDD cell). In this case, the 

subframes that are configured as DL in the UL reference configuration will not have any 

UL transmission. The UL reference configuration of an elMTA cell is the SIB1 

configuration if it is a PCell or sPCell or the UL/DL configuration indicated by 

RRCCommon if it is a SCell. If a valid TDD UL/DL configuration is received in a 

reconfiguration DCI for the elMTA cell, the DL subframes indicated by the 

reconfiguration DCI will not have any UL transmission. 

[00195] A second type of dynamic information includes DL HARQ-ACK timing and 

UL scheduling timing. Except the channels with semi-persistent scheduling (e.g., periodic 

CSI and SPS), other UL transmissions may be dynamically scheduled by the eNB 160 or 

dynamically scheduled corresponding to a DL transmission. The DL HARQ-ACK timing 
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and UL scheduling timing can dynamically determine if there is a potential UL 

transmission. 

[00196] In the case of DL HARQ-ACK timing, a TDD cell or an FDD SCell in TDD-

FDD CA may follow a PDSCH HARQ-ACK timing based on a DL reference 

configuration. The HARQ-ACK timing is defined by a DL association set for a UL 

subframe. 

[00197] For a normal TDD cell following its own UL/DL configuration for PDSCH 

HARQ-ACK timing, a DL association set K is a set of M elements {kQ,k\...k]\^-\} 

depending on the subframe m and the UL/DL configuration of the cell. The DL 

association set K: {k(),k\ —\] for TDD is defined in Table 1 (from 3GPP TS 

36.213, table 10.1.3.1-1). 

UL/DL 
Configuration 

Subframe m UL/DL 
Configuration 0 1 2 3 4 5 6 7 8 9 

0 - - 6 - 4 - - 6 - 4 

1 - - 7,6 4 - - - 7,6 4 -

2 - - 8, 7, 4, 6 - - - - 8, 7, 4, 6 - -

3 - - 7,6,11 6,5 5,4 - - - - -

4 - - 12, 8,7, 11 6, 5, 4, 7 - - - - - -

5 - -
13, 12,9, 8,7, 

5,4, 11,6 - - - - - - -

6 - - 7 7 5 - - 7 7 -

Table 1 

[00198] If a TDD cell is an enhanced interference mitigation and traffic adaptation 

(elMTA) cell, and a DL HARQ reference is configured by RRC signaling (higher layer 

signaling), the DL association set K (defined in Table 1) is a set of M elements 

{A'O-k\...kj\/[ _]} depending on the subframe m and the DL HARQ reference 

configuration. 
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[00199] For TDD CA with different UL/DL configurations, a TDD cell may follow a 

DL reference UL/DL configuration. For a PCell, the DL reference DL/UL configuration 

may be the PCell's UL/DL configuration. For a TDD SCell, the DL reference UL/DL 

configuration may be determined by the pair of {UL/DL configuration of PCell, UL/DL 

configuration of the serving cell}. If a cell is an elMTA cell, the DL HARQ reference 

configuration of the elMTA cell is used to determine the DL reference UL/DL 

configuration of the serving cell. 

[00200] In TDD-FDD CA, if the PCell is a TDD cell, then for self scheduling an FDD 

SCell HARQ timing may be defined by a DL association set according to the PCell or 

sPCell UL/DL configuration of the given cell group 130, as shown in Table 2. The DL 

association set K: {k().k\ ...A'y^/_|} for FDD with a TDD PCell and self-scheduling is 

defined in Table 2. 

TDD PCell 
UL-DL Conf. 

Subframe m TDD PCell 
UL-DL Conf. 0 1 2 3 4 5 6 7 8 9 

0 - - 6, [5] [5], 
[4] 4 - - 6, [5] [5], [4] 4 

1 - - 7,6 [6], 
[5], 4 - - - 7,6 [6], 

[5], 4 -

2 - - 8,7,6, [5], 4 - - - -
8,7, 

6, [5], 
4 

- -

3 - -
11, [10], [9], 

[8], 7, 6 6,5 5,4 - - - - -

4 - -
12, 11, [10], 

[9], 8, 7 
7, 6, 
5,4 - - - - - -

5 - -
13, 12, 11, [10], 
9,8,7,6,5,4 - - - - - - -

6 - - [8], 7 7, [6] [6], 
5 - - 7 7, [6], 

[5] -

Table 2 

[00201] The brackets in Table 2 refer to the new added associations for a FDD cell 

following the PCell TDD UL/DL configuration compared with corresponding TDD DL 
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association set for the given PCell TDD UL/DL configuration in Table 1. For cross-carrier 

scheduling, the DL HARQ timing of the scheduled serving cell may follow the PCell 

timing or sPCell timing of the given cell group 130. The PCell timing or sPCell timing 

may be defined as the DL HARQ timing determined according to the PCell's or SPCell's 

system information block type 1 (SIB1) UL/DL configuration, or the DL-reference 

HARQ timing of the PCell or sPCell for elMTA. 

[00202] There are different cases in which the UE 102 may know whether there is a 

potential HARQ-ACK reporting on an uplink subframe. In a first case, some UL 

subframes may not have a DL association set. Therefore, these UL subframes will not be 

used for HARQ-ACK reporting. The number of UL subframes in the DL reference 

UL/DL configuration of a TDD serving cell is the same or smaller than the number of UL 

subframes of the corresponding TDD serving cell. Thus, if there are UL subframes 

without HARQ association timing, no HARQ-ACK will be reported in these subframes. 

Figure 10 shows several examples where one or more UL subframes do not have a DL 

association set. 

[00203] In a second case in which the UE 102 may know (determine) whether there is 

a potential HARQ-ACK reporting on an uplink subframe based on DL HARQ-ACK 

timing, the UE 102 may consider the distance between the last subframe in the DL 

association set and the UL subframe. 

[00204] The smallest value in set K for uplink subframe m may be defined as kmjn. If 

km\n is greater than 4, then the UE 102 may have more than 4 ms to determine whether 

there is PDSCH scheduled and whether HARQ-ACK feedback is needed in subframe m. 

If there is no SPS or PDSCH scheduled in any subframe of the DL subframe set, then the 

UE 102 knows there will be no HARQ-ACK reporting in subframe m. Thus, without a 

processing time reduction, look-ahead may be assumed in these uplink subframes to 

determine whether HARQ-ACK reporting is required on the given subframe. 

[00205] If A'mjn of the DL association set for subframe m is 4, without a processing 

time reduction, a UE 102 cannot perform look-ahead because there may be PDSCH 
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scheduled in subframe m-km\n , and a HARQ-ACK response may be needed on 

subframe m. 

[00206] Based on the DL association set indexes, for a serving cell following a TDD 

reference configuration for HARQ timing, Table 3 and Table 4 summarize the subframes 

that have a minimum association linkage greater than 4 ms that may be predicted whether 

a HARQ-ACK reporting is performed in the given UL subframe m. The UL subframes 

with a minimum DL HARQ feedback of 4 ms (indicated by *4) may not be predicted 

without a processing time reduction and look-ahead. The DL association set for a serving 

cell following a DL reference configuration is defined in Table 3. 

UL/DL 
Configuration 

Subframe m UL/DL 
Configuration 0 1 2 3 4 5 6 7 8 9 

0 - - 6 - *4 - - 6 - *4 

1 - - 7,6 *4 - - - 7,6 *4 -

2 - - 8, 7, *4, 6 - - - -
8,7, 
*4,6 - -

3 - - 7,6,11 6,5 5, 
*4 - - - - -

4 - - 12, 8,7, 11 6,5, 
*4,7 - - - - - -

5 - -
13, 12,9, 8,7,5, 

*4, 11,6 - - - - - - -

6 - - 7 7 5 - - 7 7 -

Table 3 

[00207] According to Table 3, if a serving cell has a DL reference configuration of 

UL/DL configuration 0, then UL subframes 2 and 7 have a DL HARQ feedback linkage 

of 6 ms. Therefore, HARQ-ACK reporting for subframes 2 and 7 can be predicted. UL 

subframes 3 and 8 have no DL HARQ feedback linkage. Therefore, UL subframes 3 and 8 

do not have HARQ-ACK reporting. UL subframes 4 and 9 have a DL HARQ feedback 

linkage of 4 ms. Therefore, the HARQ-ACK reporting for subframes 4 and 9 cannot be 

predicted without look-ahead and processing time reduction. 
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[00208] If a serving cell has a DL reference configuration of UL/DL configuration 1, 

then UL subframes 2 and 7 have a minimum DL HARQ feedback linkage of 6 ms. 

Therefore, HARQ-ACK reporting for subframes 2 and 7 can be predicted. UL subframes 

3 and 8 have DL HARQ feedback linkage of 4 ms. Therefore, the HARQ-ACK reporting 

for subframes 3 and 8 cannot be predicted without look-ahead and processing time 

reduction. 

[00209] If a serving cell has a DL reference configuration of UL/DL configuration 2, 

UL subframes 2 and 7 have a minimum DL HARQ feedback linkage of 4 ms. Therefore, 

the HARQ-ACK reporting for subframes 2 and 7 cannot be predicted without look-ahead 

and processing time reduction. 

[00210] If a serving cell has a DL reference configuration of UL/DL configuration 3, 

UL subframe 2 and 3 have a minimum DL HARQ feedback of 6 ms and 5 ms, 

respectively. Therefore, HARQ-ACK reporting for subframes 2 and 3 can be predicted. 

UL subframe 4 has a minimum DL HARQ feedback linkage of 4 ms. Therefore, the 

HARQ-ACK reporting for subframe 4 cannot be predicted without look-ahead and 

processing time reduction. 

[00211] If a serving cell has a DL reference configuration of UL/DL configuration 4, 

then UL subframe 2 has a minimum DL HARQ feedback of 7 ms. Therefore, HARQ-

ACK reporting for subframe 2 can be predicted. UL subframe 3 has a minimum DL 

HARQ feedback linkage of 4 ms. Therefore, the HARQ-ACK reporting for subframe 3 

cannot be predicted without look-ahead and processing time reduction. 

[00212] If a serving cell has a DL reference configuration of UL/DL configuration 5, 

then UL subframe 2 has a minimum DL HARQ feedback linkage of 4 ms. Therefore, the 

HARQ-ACK reporting for subframe 2 cannot be predicted without look-ahead and 

processing time reduction. 

[00213] If a serving cell has a DL reference configuration of UL/DL configuration 6, 

then UL subframes 2 and 7, subframes 3 and 8 and subframe 4 have a minimum DL 

HARQ feedback linkage of 7 ms, 7 ms and 5 ms, respectively. Therefore HARQ-ACK 

reporting for subframes 2 and 7, subframes 3 and 8 and subframe 4 can be predicted. 
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[00214] The DL association set for a FDD cell in FDD-TDD CA with TDD PCell and 

self-scheduling is defined in Table 4. 

TDD PCell 
UL/DL Conf. 

Subframe m TDD PCell 
UL/DL Conf. 0 1 2 3 4 5 6 7 8 9 

0 - - 6, [5] [5], [*4] *4 - - 6, [5] [5], 
[*4] *4 

1 - - 7,6 [6], [5], 
*4 - - - 7,6 [6], 

[5], *4 -

2 - - 8,7,6, [5], *4 - - - -

8,7, 
6, 

[5], 
*4 

- -

3 - -
11, [10], [9], 

[8], 7, 6 6,5 5, 
*4 - - - - -

4 -
- 12, 11, [10], 

[9], 8, 7 
7,6,5, 

*4 - - - - - -

5 - -
13, 12, 11, 

[10], 9, 8,7,6, 
5, *4 

- - - - - - -

6 - - [8], 7 7, [6] [6], 
5 - - 7 7, [6], 

[5] -

Table 4 

[00215] According to Table 4, if a serving cell has a DL reference configuration of 

UL/DL configuration 0, then UL subframes 2 and 7 have a DL HARQ feedback linkage 

of 5 ms. Therefore, HARQ-ACK reporting for subframes 2 and 7 can be predicted. UL 

subframes 3, 4, 8 and 9 have a DL HARQ feedback linkage of 4 ms. Therefore, the 

HARQ-ACK reporting for subframes 3, 4, 8 and 9 cannot be predicted without look-

ahead and processing time reduction. 

[00216] If a serving cell has a DL reference configuration of UL/DL configuration 1, 

then UL subframes 2 and 7 have a minimum DL HARQ feedback linkage of 6 ms. 

Therefore, HARQ-ACK reporting for subframes 2 and 7 can be predicted. UL subframes 

3 and 8 have DL HARQ feedback linkage of 4 ms. Therefore, the HARQ-ACK reporting 
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for subframes 3 and 8 cannot be predicted without look-ahead and processing time 

reduction. 

[00217] If a serving cell has a DL reference configuration of UL/DL configuration 2, 

UL subframes 2 and 7 have a minimum DL HARQ feedback linkage of 4 ms. Therefore, 

the HARQ-ACK reporting for subframes 2 and 7 cannot be predicted without look-ahead 

and processing time reduction. 

[00218] If a serving cell has a DL reference configuration of UL/DL configuration 3, 

UL subframe 2 and 3 have a minimum DL HARQ feedback of 6 ms and 5 ms, 

respectively. Therefore, HARQ-ACK reporting for subframes 2 and 3 can be predicted. 

UL subframe 4 has a minimum DL HARQ feedback linkage of 4 ms. Therefore, the 

HARQ-ACK reporting for subframe 4 cannot be predicted without look-ahead and 

processing time reduction. 

[00219] If a serving cell has a DL reference configuration of UL/DL configuration 4, 

then UL subframe 2 has a minimum DL HARQ feedback of 7 ms. Therefore, HARQ-

ACK reporting for subframe 2 can be predicted. UL subframe 3 has a minimum DL 

HARQ feedback linkage of 4 ms. Therefore, the HARQ-ACK reporting for subframe 3 

cannot be predicted without look-ahead and processing time reduction. 

[00220] If a serving cell has a DL reference configuration of UL/DL configuration 5, 

then UL subframe 2 has a minimum DL HARQ feedback linkage of 4 ms. Therefore, the 

HARQ-ACK reporting for subframe 2 cannot be predicted without look-ahead and 

processing time reduction. 

[00221] If a serving cell has a DL reference configuration of UL/DL configuration 6, 

then UL subframes 2 and 7, subframe 3 and subframes 8 and 4 have a minimum DL 

HARQ feedback linkage of 7 ms, 6 ms and 5 ms, respectively. Therefore HARQ-ACK 

reporting for subframes 2 and 7, subframe 3 and subframes 8 and 4 can be predicted. 

[00222] Even if A'mjn of the DL association set for subframe m is 4, for an elMTA TDD 

cell, if the subframe with A'mjn =4 in the DL association set is dynamically configured as a 

UL subframe, the UE 102 may predict whether a HARQ-ACK reporting is needed in the 

given UL subframe m. Referring to the second example in Figure 10, the elMTA cell has 
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an SIB 1 configuration of UL/DL configuration 1 and a RRC configured DL HARQ 

reference of UL/DL configuration 2. If the UE 102 receives a valid UL/DL configuration 

in a reconfiguration DCI that configured subframe 3 and 8 to UL subframes, the UE 102 

can predict whether a HARQ-ACK report is needed in a UL subframe without a 

processing time reduction. 

[00223] The second type of dynamic information may include UL scheduling timing. 

Besides semi-static scheduled UL transmissions (e.g., SPS; periodic CSI and periodic 

SRS; and dynamic HARQ-ACK reporting for PDSCH transmissions), a UL transmission 

can be scheduled by a PUSCH scheduling DCI following a UL scheduling timing. 

[00224] A TDD cell may follow a UL reference configuration for PUSCH scheduling. 

The UL reference configuration may have the same number or more UL subframes than 

the number of UL subframes of the UL/DL configuration of the serving cell. 

[00225] The UE 102 may, upon detection of a PDCCH/EPDCCH with uplink DCI 

format and/or a PHICH transmission in subframe m intended for the UE 102, adjust the 

corresponding PUSCH transmission in subframe m+k, with k given in Table 5 (from 

3GPPTS 36.213, Table 8-2) according to the PDCCH/EPDCCH and PHICH information. 

TDD UL/DL 
Configuration 

subframe number m TDD UL/DL 
Configuration 0 1 2 3 4 5 6 7 8 9 

0 *4 6 *4 6 

1 6 *4 6 *4 

2 *4 *4 

3 *4 *4 *4 

4 *4 *4 

5 *4 

6 7 7 7 7 5 

Table 5 



WO 2016/011405 PCT/US2015/040991 

-55-

[00226] In Table 5, for a UL subframe m with association links greater than 4 ms, the 

UE 102 knows whether there is PUSCH transmission in subframe m without processing 

time reduction below 4 ms. Thus, look-ahead can be assumed for PUSCH transmissions 

in these UL subframes. 

[00227] For a UL subframe m with association links equal to 4 ms (as indicated by *4 

in Table 5), the UE 102 may not know whether there is a PUSCH transmission in 

subframe m without a processing time reduction below 4 ms. Thus, look-ahead cannot be 

assumed for PUSCH transmissions in these UL subframes. 

[00228] If a serving cell has a DL reference configuration of UL/DL configuration 0, 

then UL subframes 2 and 7 have a UL scheduling linkage of 6 ms. Therefore, a PUSCH 

transmission for subframes 2 and 7 can be predicted. UL subframes 3 and 8 have a UL 

scheduling linkage of 7 ms. Therefore, a PUSCH transmission for subframes 3 and 8 can 

be predicted. UL subframes 4 and 9 have a UL scheduling linkage of 4 ms. Therefore, a 

PUSCH transmission for subframes 4 and 9 cannot be predicted without look-ahead and 

processing time reduction. 

[00229] If a serving cell has a DL reference configuration of UL/DL configuration 1, 

then UL subframes 2 and 7 have a UL scheduling linkage of 6 ms. Therefore, a PUSCH 

transmission for subframes 2 and 7 can be predicted. UL subframes 3 and 8 have a UL 

scheduling linkage of 4 ms. Therefore, a PUSCH transmission for subframes 3 and 8 

cannot be predicted without look-ahead and processing time reduction. 

[00230] If a serving cell has a DL reference configuration of UL/DL configuration 2, 

UL subframes 2 and 7 have a UL scheduling linkage of 4 ms. Therefore, a PUSCH 

transmission for subframes 2 and 7 cannot be predicted without look-ahead and 

processing time reduction. 

[00231] If a serving cell has a DL reference configuration of UL/DL configuration 3, 

UL subframes 2, 3 and 4 have a UL scheduling of 4 ms, respectively. Therefore, a 

PUSCH transmission for subframes 2, 3 and 4 cannot be predicted without look-ahead 

and processing time reduction. 
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[00232] If a serving cell has a DL reference configuration of UL/DL configuration 4, 

then UL subframes 2 and 3 have a UL scheduling of 4 ms. Therefore, a PUSCH 

transmission for subframes 2 and 3 cannot be predicted without look-ahead and 

processing time reduction. 

[00233] If a serving cell has a DL reference configuration of UL/DL configuration 5, 

then UL subframe 2 has a UL scheduling linkage of 4 ms. Therefore, a PUSCH 

transmission for subframe 2 cannot be predicted without look-ahead and processing time 

reduction. 

[00234] If a serving cell has a DL reference configuration of UL/DL configuration 6, 

then UL subframes 2 and 7, subframes 3 and 8 and subframe 4 have a UL scheduling 

linkage of 7 ms, 7 ms and 5 ms, respectively. Therefore a PUSCH transmission for 

subframes 2 and 7, subframes 3 and 8 and subframe 4 can be predicted. 

[00235] As described herein, for a cell group 130 with a TDD PCell or sPCell, for a 

subframe m, the UE 102 may evaluate if an uplink transmission can be predicted without 

a processing time reduction for both PDSCH HARQ-ACK reporting and UL scheduling. 

[00236] If the UE 102 determines 804 that there is no potential UL transmission on the 

later subframe m of the other cell group 130b, the UE 102 may determine 806 the 

available transmission power in the given subframe n of the first cell group 130a as the 

maximum allowed transmission power of the UE 102 reduced by the power allocated in 

the later subframe of the other cell group. To determine the available transmission power 

for subframe n of a cell group 130, if a UL subframe m of the other cell group 130b can 

be predicted for both PDSCH HARQ-ACK reporting and UL scheduling without a 

processing time reduction below 4 ms, as described above, and if the UE 102 knows there 

will be no HARQ-ACK reporting or PUSCH transmission in subframe m, no guaranteed 

power needs to be reserved for the other cell group 130b. Thus, the available transmission 

power for subframe n of the first cell group 130a is given by Equation (2) above. 

[00237] If the UE 102 determines 804 that there is a potential UL transmission on the 

later subframe m of the other cell group 130b, the UE 102 may determine the available 

transmission power in the given subframe n of the first cell group 130a according to 
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different approaches. If a UL subframe m of the other cell group 130b can be predicted for 

both PDSCH HARQ-ACK reporting and UL scheduling without processing time 

reduction below 4 ms, as described above, and if the UE 102 knows there will be HARQ-

ACK reporting or a PUSCH transmission in subframe m of the other cell group 130b, two 

approaches can be considered. 

[00238] In a first approach, the UE 102 may determine 808 the available transmission 

power in the given subframe n of the first cell group 130a as the maximum value of the 

power allocated in the later subframe m of the other cell group 130b or the guaranteed 

power of the other cell group 130b. In this approach, the UE 102 may reserve a minimum 

guaranteed power for subframe m of the other cell group 130b. The available transmission 

power for subframe n of the first cell group 130a is given by Equation (1) above. 

[00239] In a second approach, the UE 102 performs transmit power control the same 

way as a synchronized case and with a look-ahead case. In this approach, the uplink 

channels 121 on both cell groups 130 may be evaluated based on priority rules. 

[00240] If the UE 102 cannot know whether there will be HARQ-ACK reporting or 

PUSCH transmission in subframe m without a processing time reduction, guaranteed 

power should be reserved for the other cell group 130b. In this case, the available 

transmission power for subframe n of the first cell group 130a is given by Equation (1) 

above. 

[00241] In yet another configuration, the UE 102 may relax the guaranteed power 

requirement. If the UE 102 cannot know whether there will be HARQ-ACK reporting or 

a PUSCH transmission in subframe m of the other cell group 130b without a processing 

time reduction, guaranteed power normally should be reserved for the other cell group 

130b. Thus, the available transmit power for subframe n of the first cell group 130a is 

given by Equation (1) above. 

[00242] However, in most cases, there may not be any UL transmission on the other 

cell group 130b. In these cases, the power is wasted and cannot be used for the UL 

transmission on the first cell group 130a. With a HARQ-ACK process, PUSCH data can 

be retransmitted in a later subframe without causing significant performance degradation. 
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Therefore, if the minimum guaranteed power can be reserved for important UCI 

information, then the guaranteed power can be relaxed for other UL transmissions (e.g., 

PUSCH transmission without UCI and SRS). 

[00243] In an asynchronized case with no processing time reduction for look-ahead, a 

UE 102 should reserve the minimum guaranteed power for subframe m of the other cell 

group 130b in the following cases: When the UE 102 knows there will be a HARQ-ACK 

report on the PUCCH or PUSCH in subframe m because there is at least one subframe 

scheduled with a PDSCH transmission in the DL association set; When the smallest DL 

HARQ linkage is 4 ms in the DL association set of subframe m, thus, there is a potential 

HARQ reporting in subframe m for a PDSCH transmission scheduled in the subframe 

m-4; When there is a scheduled periodic CSI report in subframe m; When there is a 

scheduled periodic SRS transmission in subframe m. 

[00244] Furthermore, the minimum guaranteed power for subframe m of the other cell 

group 130b may also be reserved if there is a PUSCH transmission scheduled by semi-

persistent scheduling (SPS). SPS is normally used for time-sensitive data transmission, 

such as voice over LTE. 

[00245] On the other hand, in an asynchronized case and no processing time reduction 

for look-ahead, a UE 102 may not reserve the minimum guaranteed power for subframe 

m of the other cell group 130b if the UE 102 knows there will be no HARQ-ACK report 

in subframe m because there is no PDSCH transmission in any subframe of the DL 

association set, which has a minimum linkage greater than 4 ms. Even if the cell has a UL 

scheduling linkage of 4 ms, the cell group 130 of the UE 102 does not need to reserve the 

guaranteed power because a PUSCH without UCI can be power scaled based on the 

remaining power. Furthermore, the SRS can also be deprioritized and the minimum 

guaranteed power can be removed in a subframe if only a periodic SRS transmission is 

scheduled and there is no potential UCI feedback. 

[00246] For example, in some cases, more important information may be transmitted 

in subframe n on the first cell group 130a on a PUCCH or PUSCH, but the remaining 

power (excluding the guaranteed power) in a later subframe m of the other cell group 
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130b is not sufficient for the requested power. In this case, the UE 102 may reduce the 

guaranteed power on the other cell group 130b and allocate more power for the first cell 

group 130a if the other cell group 130b has a potential PUSCH without UCI or SRS 

transmission. 

[00247] Figure 9 is a diagram illustrating TDD UL/DL configurations 941a-g in 

accordance with the systems and methods described herein. In particular, Figure 9 

illustrates UL/DL configuration zero 941a (e.g., "UL/DL configuration 0") with 

subframes 923a and subframe numbers 943a, UL/DL configuration one 941b (e.g., 

"UL/DL configuration 1") with subframes 923b and subframe numbers 943b, UL/DL 

configuration two 941c (e.g., "UL/DL configuration 2") with subframes 923c and 

subframe numbers 943c and UL/DL configuration three 941d (e.g., "UL/DL 

configuration 3") with subframes 923d and subframe numbers 943d. Figure 9 also 

illustrates UL/DL configuration four 941e (e.g., "UL/DL configuration 4") with 

subframes 923e and subframe numbers 943e, UL/DL configuration five 941f (e.g., 

"UL/DL configuration 5") with subframes 923f and subframe numbers 943f and UL/DL 

configuration six 941g (e.g., "UL/DL configuration 6") with subframes 923g and 

subframe numbers 943g. 

[00248] Furthermore, Figure 9 illustrates PDSCH HARQ-ACK associations 945 (e.g., 

PDSCH HARQ-ACK feedback on PUCCH or PUSCH associations). The PDSCH 

HARQ-ACK associations 945 may indicate HARQ-ACK reporting subframes 

corresponding to subframes for PDSCH transmissions (e.g., subframes in which PDSCH 

transmissions may be sent and/or received). The PDSCH HARQ-ACK associations 945 

may indicate the association sets and timing for the transmission of PDSCH HARQ-ACK 

information. It should be noted that some of the radio frames illustrated in Figure 9 have 

been truncated for convenience. 

[00249] The systems and methods described herein may be applied to one or more of 

the UL/DL configurations 941a-g illustrated in Figure 9. For example, one or more 

PDSCH HARQ-ACK associations 945 corresponding to one of the UL/DL configurations 

941a-g illustrated in Figure 9 may be applied to communications between a UE 102 and 
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eNB 160. For example, a DL-reference UL/DL configuration 941 may be determined 

(e.g., assigned to, applied to) for a serving cell. In this case, PDSCH HARQ-ACK 

associations 945 may specify PDSCH HARQ-ACK timing (e.g., a HARQ-ACK reporting 

subframe) for HARQ-ACK feedback transmissions corresponding to the serving cell. 

[00250] A PDSCH HARQ-ACK association 945 may specify a particular (PDSCH 

HARQ-ACK) timing for receiving HARQ-ACK information corresponding to a PDSCH. 

A PDSCH HARQ-ACK association 945 may specify a reporting subframe in which the 

UE 102 reports (e.g., transmits) the HARQ-ACK information corresponding to the 

PDSCH to the eNB 160. The reporting subframe may be determined based on the 

subframe that includes the PDSCH sent by the eNB 160. 

[00251] Figure 10 illustrates various examples 1001 for determining whether there is a 

potential UL transmission in the later subframe of a cell group 130. PDSCH HARQ-ACK 

associations 1045 are indicated for HARQ-ACK reporting subframes corresponding to 

subframes for PDSCH transmissions. 

[00252] As described above, some UL subframes may not have a DL association set 

and will not be used for HARQ-ACK reporting. The number of UL subframes in the DL 

reference UL/DL configuration of a TDD serving cell is the same as or is smaller than the 

number of UL subframes of the corresponding TDD serving cell. Therefore, if there are 

uplink subframes without a HARQ association timing, no HARQ-ACK will be reported 

in these subframes. 

[00253] The first example 1001a depicts a single TDD cell with UL/DL configuration 

0. In this implementation, UL subframe 3 and subframe 8 do not have a DL association. 

Therefore, subframe 3 and subframe 8 are not used for HARQ-ACK reporting. 

[00254] The second example 1001b depicts an example of elMTA TDD cell with an 

SIB1 UL/DL configuration 1 and a DL reference UL/DL configuration 2. In this 

implementation, subframes 3 and 8 can be dynamically configured as either UL or DL. 

Because there is no HARQ timing associated with them, subframes 3 and 8 are not used 

for HARQ-ACK reporting, even if they are configured as UL subframes. 
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[00255] The third example 1001c depicts TDD CA with different UL/DL 

configurations. In this implementation, a PCell has UL/DL configuration 2 and an SCell 

has UL/DL configuration 1. The DL reference UL/DL configuration of the SCell is the 

PCell UL/DL configuration 2. Thus, only subframes 2 and 7 can carry HARQ-ACK 

reporting. UL subframes 3 and 8 of the SCell are not used for HARQ-ACK reporting. 

[00256] Figure 11 illustrates various components that may be utilized in a UE 1102. 

The UE 1102 described in connection with Figure 11 may be implemented in accordance 

with the UE 102 described in connection with Figure 1. The UE 1102 includes a 

processor 1181 that controls operation of the UE 1102. The processor 1181 may also be 

referred to as a central processing unit (CPU). Memory 1187, which may include read­

only memory (ROM), random access memory (RAM), a combination of the two or any 

type of device that may store information, provides instructions 1183a and data 1185a to 

the processor 1181. A portion of the memory 1187 may also include non-volatile random 

access memory (NVRAM). Instructions 1183b and data 1185b may also reside in the 

processor 1181. Instructions 1183b and/or data 1185b loaded into the processor 1181 may 

also include instructions 1183a and/or data 1185a from memory 1187 that were loaded for 

execution or processing by the processor 1181. The instructions 1183b may be executed 

by the processor 1181 to implement one or more of the methods 400 and 800 described 

above. 

[00257] The UE 1102 may also include a housing that contains one or more 

transmitters 1158 and one or more receivers 1120 to allow transmission and reception of 

data. The transmitter(s) 1158 and receiver(s) 1120 may be combined into one or more 

transceivers 1118. One or more antennas 1122a-n are attached to the housing and 

electrically coupled to the transceiver 1118. 

[00258] The various components of the UE 1102 are coupled together by a bus system 

1189, which may include a power bus, a control signal bus and a status signal bus, in 

addition to a data bus. However, for the sake of clarity, the various buses are illustrated in 

Figure 11 as the bus system 1189. The UE 1102 may also include a digital signal 

processor (DSP) 1191 for use in processing signals. The UE 1102 may also include a 
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communications interface 1193 that provides user access to the functions of the UE 1102. 

The UE 1102 illustrated in Figure 11 is a functional block diagram rather than a listing of 

specific components. 

[00259] Figure 12 illustrates various components that may be utilized in an eNB 1260. 

The eNB 1260 described in connection with Figure 12 may be implemented in 

accordance with the eNB 160 described in connection with Figure 1. The eNB 1260 

includes a processor 1281 that controls operation of the eNB 1260. The processor 1281 

may also be referred to as a central processing unit (CPU). Memory 1287, which may 

include read-only memory (ROM), random access memory (RAM), a combination of the 

two or any type of device that may store information, provides instructions 1283a and 

data 1285a to the processor 1281. A portion of the memory 1287 may also include non­

volatile random access memory (NVRAM). Instructions 1283b and data 1285b may also 

reside in the processor 1281. Instructions 1283b and/or data 1285b loaded into the 

processor 1281 may also include instructions 1283a and/or data 1285a from memory 

1287 that were loaded for execution or processing by the processor 1281. The instructions 

1283b may be executed by the processor 1281 to implement the method 500 described 

above. 

[00260] The eNB 1260 may also include a housing that contains one or more 

transmitters 1217 and one or more receivers 1278 to allow transmission and reception of 

data. The transmitter(s) 1217 and receiver(s) 1278 may be combined into one or more 

transceivers 1276. One or more antennas 1280a-n are attached to the housing and 

electrically coupled to the transceiver 1276. 

[00261] The various components of the eNB 1260 are coupled together by a bus 

system 1289, which may include a power bus, a control signal bus and a status signal bus, 

in addition to a data bus. However, for the sake of clarity, the various buses are illustrated 

in Figure 12 as the bus system 1289. The eNB 1260 may also include a digital signal 

processor (DSP) 1291 for use in processing signals. The eNB 1260 may also include a 

communications interface 1293 that provides user access to the functions of the eNB 
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1260. The eNB 1260 illustrated in Figure 12 is a functional block diagram rather than a 

listing of specific components. 

[00262] Figure 13 is a block diagram illustrating one configuration of a UE 1302 in 

which systems and methods for sending feedback information may be implemented. The 

UE 1302 includes transmit means 1358, receive means 1320 and control means 1324. 

The transmit means 1358, receive means 1320 and control means 1324 may be 

configured to perform one or more of the functions described in connection with Figure 4 

and Figure 8 above. Figure 11 above illustrates one example of a concrete apparatus 

structure of Figure 13. Other various structures may be implemented to realize one or 

more of the functions of Figure 4 and Figure 8. For example, a DSP may be realized by 

software. 

[00263] Figure 14 is a block diagram illustrating one configuration of an eNB 1460 in 

which systems and methods for receiving feedback information may be implemented. The 

eNB 1460 includes transmit means 1417, receive means 1478 and control means 1482. 

The transmit means 1417, receive means 1478 and control means 1482 may be 

configured to perform one or more of the functions described in connection with Figure 5 

above. Figure 12 above illustrates one example of a concrete apparatus structure of Figure 

14. Other various structures may be implemented to realize one or more of the functions 

of Figure 5. For example, a DSP may be realized by software. 

[00264] The term "computer-readable medium" refers to any available medium that 

can be accessed by a computer or a processor. The term "computer-readable medium," as 

used herein, may denote a computer- and/or processor-readable medium that is non-

transitory and tangible. By way of example, and not limitation, a computer-readable or 

processor-readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other 

optical disk storage, magnetic disk storage or other magnetic storage devices, or any other 

medium that can be used to carry or store desired program code in the form of 

instructions or data structures and that can be accessed by a computer or processor. Disk 

and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital 
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versatile disc (DVD), floppy disk and Blu-ray® disc where disks usually reproduce data 

magnetically, while discs reproduce data optically with lasers. 

[00265] It should be noted that one or more of the methods described herein may be 

implemented in and/or performed using hardware. For example, one or more of the 

methods described herein may be implemented in and/or realized using a chipset, an 

application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or 

integrated circuit, etc. 

[00266] Each of the methods disclosed herein comprises one or more steps or actions 

for achieving the described method. The method steps and/or actions may be interchanged 

with one another and/or combined into a single step without departing from the scope of 

the claims. In other words, unless a specific order of steps or actions is required for 

proper operation of the method that is being described, the order and/or use of specific 

steps and/or actions may be modified without departing from the scope of the claims. 

[00267] It is to be understood that the claims are not limited to the precise 

configuration and components illustrated above. Various modifications, changes and 

variations may be made in the arrangement, operation and details of the systems, methods 

and apparatus described herein without departing from the scope of the claims. 
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