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DESIGN OF UL POWER CONTROL AND TDM PATTERNS FOR DAPS-BASED

HANDOVER

INCORPORATION BY REFERENCE
[0001]This present application claims the benefits of U.S. Provisional Application No. 62/826,113, “DESIGN
OF UL POWER CONTROL AND TDM PATTERNS FOR DC UE CAPABLE OF DYNAMIC POWER-
SHARING FOR SIMULTANEOUS TX DURING DC-BASED HANDOVER” filed on March 29, 2019, and U.S.
Provisional Application No. 62/888,119, “UL POWER CONTROL AND SINGLE UPLINK OPERATION
CONTROL DURING DC-BASED HO” filed on August 16, 2019. The entire disclosures of the prior applications

are hereby incorporated by reference in their entirety.

TECHNICAL FIELD
[0002]The present disclosure relates to wireless communications, and specifically relates to dual active

protocol stack (DAPS) based handover (HO).

BACKGROUND

[0003]The background description provided herein is for the purpose of generally presenting the context of
the disclosure. Work of the presently named inventors, to the extent the work is described in this background
section, as well as aspects of the description that may not otherwise qualify as prior art at the time of filing, are
neither expressly nor impliedly admitted as prior art against the present disclosure.

[0004]In wireless system, a user equipment (UE), such as a cellular phone, may need to switch from one
network (e.g., a source cell) to another network (e.g., a target cell). This procedure can be referred to as handover
(HO). In 3GPP Release 16, it is agreed to adopt the dual active protocol stack (DAPS) based handover (HO) to
achieve as close as possible to 0 ms interruption time.

[0005]In addition, in 3GPP Release 12, dual connectivity (DC) architecture is introduced to increase
throughput for the UE. This architecture allows the UE to utilize radio resources of two nodes: master node (MN)
and secondary node (SN). During the DAPS based HO procedure, the UE can apply DC to the source cell that
may serve as the MN and the target cell that may serve as the SN. In some cases, the UE may not release the
source cell connection until the target cell connection is constructed. That is, the UE may need to maintain
connection with both the source and target cells. Therefore, it is possible that the UE needs to perform uplink
(UL) transmission towards both the source and target cells at the same time with the same radio resource.
However, in common DC scenario, the source cell can be in a master cell group (MCGQG) and the target cell can be
in a secondary cell group (SCG), and transmission power at which the UE performs communications with the

MCG is prioritized over transmission power at which the UE performs communications with the SCG.

SUMMARY
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[0006] Aspects of the disclosure provide an apparatus for wireless communications. The apparatus includes
processing circuitry that can determine a first transmission power for a first uplink transmission associated with the
source cell and a second transmission power for a second uplink transmission associated with the target cell.
When the first uplink transmission and the second uplink transmission overlap in time domain and a total power of
the first transmission power and the second transmission power is above a first threshold, the processing circuitry
reduces the first transmission power for the first uplink transmission to a third transmission power so that a total
power of the second transmission power and the third transmission power is equal to or less than the first
threshold. The processing circuitry performs the first uplink transmission at the third transmission power and the
second uplink transmission at the second transmission power.

[0007]In an embodiment, the processing circuitry can drop the first uplink transmission associated with the
source cell when a difference between the second transmission power and the third transmission power is above a
second threshold.

[0008]Further, the processing circuitry can drop the first uplink transmission associated with the source cell
when the first uplink transmission and the second uplink transmission overlap in the time domain and frequency
domain.

[0009]In an embodiment, the processing circuitry performs the first uplink transmission at the first
transmission power and the second uplink transmission at the second uplink transmission power through different
time resources so that the first uplink transmission and the second uplink transmission do not overlap in the time
domain.

[0010]In an embodiment, the source cell is in a source master cell group (MCG) and the target cell is in a
target MCG.

[0011]In an embodiment, the processing circuitry performs dual active protocol stack (DAPS) based
handover (HO). Further, the processing circuitry drops the first uplink transmission associated with the source cell
when the UE indicates that simultaneous uplink transmission to the source cell and the target cell is not supported.

[0012]Aspects of the disclosure provide a method for wireless communications. Under the method, a first
transmission power for a first uplink transmission associated with the source cell and a second transmission power
for a second uplink transmission associated with the target cell are determined. When the first uplink transmission
and the second uplink transmission overlap in time domain and a total power of the first transmission power and
the second transmission power is above a first threshold, the first transmission power for the first uplink
transmission to a third transmission power is reduced so that a total power of the second transmission power and
the third transmission power is equal to or less than the first threshold. The first uplink transmission is performed
at the third transmission power and the second uplink transmission is performed at the second transmission power.

[0013]Aspects of the disclosure further provide a non-transitory computer-readable medium which stores

instructions implementing any one or a combination of the above methods for wireless communication.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0014]Various embodiments of this disclosure that are proposed as examples will be described in detail with
reference to the following figures, wherein like numerals reference like elements, and wherein:

[001S]FIG. 1 shows an exemplary wireless communication system 100 performing dual connectivity
operations according to an embodiment of the disclosure;

[0016]FIG. 2A shows an exemplary HO procedure 200 according to an embodiment of the disclosure;

[0017]FIG. 2B shows detailed interruption time components in the HO procedure 200 according to an
embodiment of the disclosure;

[0018]FIG. 3 shows an exemplary message flow 300 of dual connectivity (DC) based HO procedure
according to an embodiment of the disclosure;

[0019]FIG. 4 shows a flowchart outlining an exemplary process 400 according to embodiments of the
disclosure; and

[0020]FIG. 5 shows an exemplary apparatus 500 according to embodiments of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021]FIG. 1 shows an exemplary wireless communication system 100 performing handover (HO) operations
according to an embodiment of the disclosure. During HO, a UE 103 moves across the network coverage area
from a source cell 101 to a target cell 102. During break-before-make (BBM) HO procedure, the UE 103 first
breaks communications with the source cell 101 and then makes communications with the target cell 102.
However, due to communication 110 between the source cell 101 and the target cell 102, the UE 103 may
experience a significant interruption time during the BBM HO procedure. To minimize the interruption time, the
UE 103 can first make the communications with the target cell 102 and then break the communications with the
source cell 101. This procedure is referred to as make-before-break (MBB) HO. In 3GPP Release 16, dual active
protocol stack (DAPS) based handover (HO) is adopted to achieve as close as possible to O ms interruption time.

[0022]During the DAPS based HO procedure, the UE 103 can be configured with dual connectivity (DC).
With the DC configuration, the UE 103 can utilize radio resources of both a master node (MN) and a secondary
node (SN). For example, the source cell 101 can serve as the MN and the target cell 102 can serve as the SN, so
that the UE 103 can perform the DC operations with both the source cell 101 and the target cell 102. Under the
DC operations, the source cell 101 and the target cell 102 can perform the communication 110 with each other, and
the UE 103 can simultaneously perform communications 120 and 130 with the source cell 101 and the target cell
102, respectively.

[0023]1t is noted that the MN (e.g., the source cell 101) and/or the SN (e.g., the target cell 102) can be
implemented by an eNodeB (eNB) as specified in 3GPP LTE standards and/or a gNodeB (gNB) as specified in
3GPP NR standards. In one example, both the MN and the SN are implemented by the eNBs. In another example,
both the MN and the SN are implemented by the gNBs. In another example, the MN and the SN are implemented
by the eNB and the gNB, respectively. In another example, the MN and the SN are implemented by the gNB and
the eNB, respectively. Accordingly, to perform DC operations, the UE 103 can use radio resources provided by

either same or different radio access technologies (RATS).
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[0024]FIG. 2A shows an exemplary HO procedure 200 according to an embodiment of the disclosure. The

detailed description of the HO procedure 200 is present below.

[0025]At step S201, the UE 103 receives, from the source cell 101, RRCReconfiguration (HO command)
message that request the UE 103 to perform the HO.

[0026]At step S202, the source cell 101 sends SN STATUS TRANSFER message to the target cell 102 to
convey, for example, the uplink packet data convergence protocol (PDCP) sequence number (SN) receiver status
and the downlink PDCP SN transmitter.

[0027]At step S203, the UE 103 performs synchronization to the target cell 102. In an example, the UE 103
can access the target cell 102 via random access channel (RACH).

[0028]At step S204, the target cell 102 responds to the UE 103 with uplink (UL) allocation and timing
advance (TA).

[0029]At step S205, the UE 103 sends the RRCConnectionReconfigurationComplete message to the target
cell 102 to indicate that the HO procedure is completed for the UE. Then the target cell 102 can begin sending
data to the UE 103.

[0030]In the FIG. 2A example, the service interruption time during the HO procedure is defined as the
interruption  from  reception of  RRCReconfiguration (HO  command) to  transmission  of
RRCReconfigurationComplete.

[0031]FIG. 2B shows detailed interruption time components in the HO procedure 200 according to an
embodiment of the disclosure. It can be seen that the minimum total delay is 55ms during the HO procedure 200.
In addition, it is noted that contention free RACH is assumed for the HO procedure 200.

[0032]To reduce the service interruption time, RACH-less HO and 2-step RACH based HO have been
proposed in some related examples. For RACH-less HO, the steps S203.3/5203.4/5204 are not necessary so that
14 out of 55 ms can be saved. For 2-step RACH based HO, the step S205 is not necessary so that 6 out of 55 ms
can be saved. If 2-step RACH based HO is used as a baseline, RACH-less HO can save 8 out of 49 ms.

[0033]To further reduce the service interruption time and enhance the mobility, the present application
presents a DC-based HO procedure.

[0034]FIG. 3 shows an exemplary message flow 300 of DC-based HO procedure according to an embodiment
of the disclosure. The detailed description of the message flow 300 is present below.

[0035] At step S301, the source cell 101 (i.e., the MN) receives from the UE 103 a first measurement report.

[0036] At step S302, the source cell 101 transmits to the target cell 102 an SN addition request message. In an
example, the SN addition request message requests the target cell 102 to provide radio resource configuration.

[0037]At step S303, the source cell 101 receives from the target cell 102 an SN addition request
acknowledgement (ACK) message. In an example, the SN addition request ACK message indicates to the source
cell 101 that the SN addition request message has been received by the target cell 102.

[0038]At step S304, the source cell 101 transmits to the UE 103 a first radio resource control (RRC)
reconfiguration message. In an example, the first RRC reconfiguration message indicates to the UE 103 the radio

resource configuration of the target cell 102.
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[0039]At step S305, the source cell 101 receives from the UE 103 a first RRC reconfiguration complete

message. In an example, the first RRC reconfiguration complete message indicates to the source cell 101 that the
radio resource configuration of the target cell 102 has been configured with the UE 103.

[0040]At step S306, the source cell 101 transmits to the target cell 102 an SN reconfiguration complete
message. In an example, the SN reconfiguration complete message indicates to the target cell 102 that the radio
resource configuration of the target cell 102 has been configured with the UE 103.

[0041]At step S307, the UE 103 synchronizes with the target cell 102 by performing random access
procedure.

[0042] At step S308, the UE 103 transmits to the source cell 101 a second measurement report. Then a role
change procedure can be initiated. The role change procedure is to exchange the roles of the source cell 101 and
the target cell 102.

[0043] At step S309, the source cell 101 transmits to the target cell 102 a role change request message. In an
example, the role change request message can trigger signaling radio bearers (SRBs) establishment in the target
cell 102. The SRBs in the target cell 102 will be used instead of those in the source cell 101.

[0044] At step S310, the source cell 101 receives from the target cell 102 a role change request ACK message.
In an example, the role change request ACK message indicates to the source cell 101 that the role change request
message has been received by the target cell 102. The role change request ACK message can trigger SRB
suspension or release in the source cell 101.

[0045]At step S311, the source cell 101 transmits to the UE 103 a second RRC reconfiguration message. The
second RRC reconfiguration message indicates to the UE 103 a notification of the role change procedure and let
the UE 103 perform the role change procedure.

[0046] At step S312, the target cell 102 receives from the UE 103 a second RRC reconfiguration complete
message. In an example, the second RRC reconfiguration complete message indicates to the target cell 102 that
the notification of the role change procedure is received by the UE 103.

[0047]At step S313, the source cell 101 receives from the target cell 102 an SN release request message. In
an example, the SN release request message requests the source cell 101 to release radio resources.

[0048] At step S314, the target cell 102 transmits to the UE 103 a third RRC reconfiguration message. In an
example, the third RRC reconfiguration message triggers the UE 103 to apply new configuration.

[0049] At step S315, the target cell 102 transmits to the source cell 101 a UE context release message. In an
example, on reception of the UE context release message, the source cell 101 can release radio resource related to
the UE context.

[0050]FIG. 4 shows a flowchart outlining an exemplary process 400 according to embodiments of the
disclosure. In various embodiments, the process 400 is executed by processing circuitry, such as the processing
circuitry in the UE 103. In some embodiments, the process 400 is implemented in software instructions, thus when
the processing circuitry executes the software instructions, the processing circuitry performs the process 400.

[0051]The process 400 may generally start at step S410, where the process 400 determines a first

transmission power for a first uplink transmission associated with the source cell and a second transmission power
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for a second uplink transmission associated with the target cell. When the first uplink transmission and the second
uplink transmission overlap in time domain and a total power of the first transmission power and the second
transmission power is above a first threshold, the process 400 proceeds to step S420.

[0052] At step S420, the process 400 reduces the first transmission power for the first uplink transmission to a
third transmission power so that a total power of the second transmission power and the third transmission power
is equal to or less than the first threshold. Then the process 400 proceeds to step S430.

[0053]At step S430, the process 400 performs the first uplink transmission at the third transmission power
and the second uplink transmission at the second transmission power. Then the process 400 terminates.

[0054]In an embodiment, the process 400 drops the first uplink transmission associated with the source cell
when a difference between the second transmission power and the third transmission power is above a second
threshold.

[0055]In an embodiment, the process 400 drops the first uplink transmission associated with the source cell
when the first uplink transmission and the second uplink transmission overlap in the time domain and frequency
domain.

[0056]In an embodiment, the process 400 performs the first uplink transmission at the first transmission
power and the second uplink transmission at the second uplink transmission power through different time
resources so that the first uplink transmission and the second uplink transmission do not overlap in the time
domain.

[0057]In an embodiment, the source cell is in a source master cell group (MCG) and the target cell is in a
target MCG.

[0058]In an embodiment, the UE 103 supports dual active protocol stack (DAPS) based handover (HO), and
the process 400 drops the first uplink transmission associated with the source cell when the UE 103 indicates that
simultaneous uplink transmission to the source cell and the target cell is not supported.

[0059]FIG. 5 shows an exemplary apparatus 500 according to embodiments of the disclosure. The apparatus
500 can be configured to perform various functions in accordance with one or more embodiments or examples
described herein. Thus, the apparatus 500 can provide means for implementation of techniques, processes,
functions, components, and systems described herein. For example, the apparatus 500 can be used to implement
functions of the BS 103 in various embodiments and examples described herein. The apparatus 500 can include a
general purpose processor or specially designed circuits to implement various functions, components, or processes
described herein in various embodiments. The apparatus 500 can include processing circuitry 510, a memory 520,
a radio frequency (RF) module 530, and an antenna array 540.

[0060]In various examples, the processing circuitry 510 can include circuitry configured to perform the
functions and processes described herein in combination with software or without software. In various examples,
the processing circuitry 510 can be a digital signal processor (DSP), an application specific integrated circuit
(ASIC), programmable logic devices (PLDs), field programmable gate arrays (FPGAs), digitally enhanced

circuits, or comparable device or a combination thereof.
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[0061]In some other examples, the processing circuitry 510 can be a central processing unit (CPU) configured
to execute program instructions to perform various functions and processes described herein. Accordingly, the
memory 520 can be configured to store program instructions. The processing circuitry 510, when executing the
program instructions, can perform the functions and processes. The memory 520 can further store other programs
or data, such as operating systems, application programs, and the like. The memory 520 can include a read only
memory (ROM), a random access memory (RAM), a flash memory, a solid state memory, a hard disk drive, an
optical disk drive, and the like.

[0062]The RF module 530 receives a processed data signal from the processing circuitry 510 and converts the
data signal to a wireless signal that is then transmitted via the antenna array 540, or vice versa. The RF module
530 can include a digital to analog convertor (DAC), an analog to digital converter (ADC), a frequency up
convertor, a frequency down converter, filters and amplifiers for reception and transmission operations. The RF
module 530 can include multi-antenna circuitry for beamforming operations. For example, the multi-antenna
circuitry can include an uplink spatial filter circuit, and a downlink spatial filter circuit for shifting analog signal
phases or scaling analog signal amplitudes.

[0063]The apparatus 500 can optionally include other components, such as input and output devices,
additional or signal processing circuitry, and the like. Accordingly, the apparatus 500 may be capable of
performing other additional functions, such as executing application programs, and processing alternative
communication protocols.

[0064]The processes and functions described herein can be implemented as a computer program which, when
executed by one or more processors, can cause the one or more processors to perform the respective processes and
functions. The computer program may be stored or distributed on a suitable medium, such as an optical storage
medium or a solid-state medium supplied together with, or as part of, other hardware. The computer program may
also be distributed in other forms, such as via the Internet or other wired or wireless telecommunication systems.
For example, the computer program can be obtained and loaded into an apparatus, including obtaining the
computer program through physical medium or distributed system, including, for example, from a server
connected to the Internet.

[0065]The computer program may be accessible from a computer-readable medium providing program
instructions for use by or in connection with a computer or any instruction execution system. The computer
readable medium may include any apparatus that stores, communicates, propagates, or transports the computer
program for use by or in connection with an instruction execution system, apparatus, or device. The computer-
readable medium can be magnetic, optical, electronic, electromagnetic, infrared, or semiconductor system (or
apparatus or device) or a propagation medium. The computer-readable medium may include a computer-readable
non-transitory storage medium such as a semiconductor or solid state memory, magnetic tape, a removable
computer diskette, a random access memory (RAM), a read-only memory (ROM), a magnetic disk and an optical
disk, and the like. The computer-readable non-transitory storage medium can include all types of computer
readable medium, including magnetic storage medium, optical storage medium, flash medium, and solid state

storage medium.
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[0066]While aspects of the present disclosure have been described in conjunction with the specific
embodiments thereof that are proposed as examples, alternatives, modifications, and variations to the examples
may be made. Accordingly, embodiments as set forth herein are intended to be illustrative and not limiting. There

are changes that may be made without departing from the scope of the claims set forth below.
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CLAIMS

1.A method of wireless communication at a user equipment (UE) that connects to both a source cell and a
target cell, the method comprising:

determining a first transmission power for a first uplink transmission associated with the source cell and a
second transmission power for a second uplink transmission associated with the target cell;

when the first uplink transmission and the second uplink transmission overlap in time domain and a total
power of the first transmission power and the second transmission power is above a first threshold,

reducing the first transmission power for the first uplink transmission to a third transmission power so that a
total power of the second transmission power and the third transmission power is equal to or less than the first
threshold; and

performing the first uplink transmission at the third transmission power and the second uplink transmission at
the second transmission power.

2.The method of claim 1, wherein performing the first uplink transmission at the third transmission power and
the second uplink transmission at the second transmission power further comprises:

dropping the first uplink transmission associated with the source cell when a difference between the second
transmission power and the third transmission power is above a second threshold.

3.The method of claim 1, wherein performing the first uplink transmission at the third transmission power and
the second uplink transmission at the second transmission power further comprises:

dropping the first uplink transmission associated with the source cell when the first uplink transmission and
the second uplink transmission overlap in the time domain and frequency domain.

4. The method of claim 1, further comprising:

performing the first uplink transmission at the first transmission power and the second uplink transmission at
the second uplink transmission power through different time resources so that the first uplink transmission and the
second uplink transmission do not overlap in the time domain.

5.The method of claim 1, wherein the source cell is in a source master cell group (MCG) and the target cell is
in a target MCG.

6.The method of claim 1, wherein the UE supports dual active protocol stack (DAPS) based handover (HO).

7.The method of claim 6, further comprising:

dropping the first uplink transmission associated with the source cell when the UE indicates that simultaneous
uplink transmission to the source cell and the target cell is not supported.

8.An apparatus that wireless connects to both a source cell and a target cell, the apparatus comprising
processing circuitry configured to:

determine a first transmission power for a first uplink transmission associated with the source cell and a
second transmission power for a second uplink transmission associated with the target cell;

when the first uplink transmission and the second uplink transmission overlap in time domain and a total

power of the first transmission power and the second transmission power is above a first threshold,
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reduce the first transmission power for the first uplink transmission to a third transmission power so that a
total power of the second transmission power and the third transmission power is equal to or less than the first
threshold; and

perform the first uplink transmission at the third transmission power and the second uplink transmission at the
second transmission power.

9.The apparatus of claim 8, wherein the processing circuitry is further configured to:

drop the first uplink transmission associated with the source cell when a difference between the second
transmission power and the third transmission power is above a second threshold.

10.The apparatus of claim 8, wherein the processing circuitry is further configured to:

drop the first uplink transmission associated with the source cell when the first uplink transmission and the
second uplink transmission overlap in the time domain and frequency domain.

11.The apparatus of claim 8, wherein the processing circuitry is further configured to:

perform the first uplink transmission at the first transmission power and the second uplink transmission at the
second uplink transmission power through different time resources so that the first uplink transmission and the
second uplink transmission do not overlap in the time domain.

12.The apparatus of claim 8, wherein the source cell is in a source master cell group (MCG) and the target
cell is in a target MCG.

13.The apparatus of claim 8§, wherein the processing circuitry is further configured to:

perform dual active protocol stack (DAPS) based handover (HO).

14.The apparatus of claim &, wherein the processing circuitry 1is further configured to:
drop the first uplink transmission associated with the source cell when the UE indicates that simultaneous uplink
transmission to the source cell and the target cell is not supported.

15.A non-transitory computer-readable storage medium storing a program executable by at least one
processor to perform:

determining a first transmission power for a first uplink transmission associated with a source cell and a
second transmission power for a second uplink transmission associated with a target cell;

when the first uplink transmission and the second uplink transmission overlap in time domain and a total
power of the first transmission power and the second transmission power is above a first threshold,

reducing the first transmission power for the first uplink transmission to a third transmission power so that a
total power of the second transmission power and the third transmission power is equal to or less than the first
threshold; and

performing the first uplink transmission at the third transmission power and the second uplink transmission at
the second transmission power.

16.The non-transitory computer-readable storage medium of claim 15, wherein the stored program executable
by the at least one processor is further to perform:

dropping the first uplink transmission associated with the source cell when a difference between the second

transmission power and the third transmission power is above a second threshold.
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17.The non-transitory computer-readable storage medium of claim 15, wherein the stored program executable
by the at least one processor is further to perform:

dropping the first uplink transmission associated with the source cell when the first uplink transmission and
the second uplink transmission overlap in the time domain and frequency domain.

18.The non-transitory computer-readable storage medium of claim 15, wherein the stored program executable
by the at least one processor is further to perform:

executing the first uplink transmission at the first transmission power and the second uplink transmission at
the second uplink transmission power through different time resources so that the first uplink transmission and the
second uplink transmission do not overlap in the time domain.

19.The non-transitory computer-readable storage medium of claim 15, wherein the source cell is in a source
master cell group (MCG) and the target cell is in a target MCG.

20.The non-transitory computer-readable storage medium of claim 15, wherein the stored program executable
by the at least one processor is further to perform:

executing a dual active protocol stack (DAPS) based handover (HO).
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