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HANDOVER IN WIRELESS COMMUNICATIONS
Cross-Reference to Related A pplications

[0001] This application claims priority to U.S. Application No. 15/674,094, filed
August 10, 2017, which claims benefit of U.S. Provisional Patent Application Serial No.
62/374,295, entitled “Handover in Wireless Communications™ and filed on August 12,
2016, and U.S. Provisional Patent Application Serial No. 62/402,570, entitled
“Handover in Wireless Communications” and filed on September 30, 2016, both of
which are assigned to the assignee hereof and are incorporated herein by reference in

their entirety.
BACKGROUND
Field

[0002] Certain aspects of the present disclosure generally relate to wireless
communications and, more particularly, to techniques for performing handover from a

source base station to a target base station.
Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include Code Division Multiple Access (CDMA)
systems, Time Division Multiple Access (TDMA) systems, Frequency Division
Multiple Access (FDMA) systems, 3rd Generation Partnership Project (3GPP) Long
Term Evolution (LTE) systems, Long Term Evolution Advanced (LTE-A) systems,
Orthogonal Frequency Division Multiple Access (OFDMA) systems, and 5th generation

wireless systems (5G).

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and

reverse links. The forward link (or downlink) refers to the communication link from the
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base stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-input single-output, multiple-input single-output or a

multiple-input multiple-output (MIMO) system.

[0005] Since terminals may be mobile, the terminals may move between coverage
areas of different base stations. Further, the terminals may be actively communicating
within the wireless communication system while moving between such coverage areas.
Accordingly, the wireless multiple-access communication system may support
performing a handover of the connection used by the terminal to communicate in the
wireless communication system from a source base station to a target base station so
that the terminal does not experience a loss of connectivity as the terminal moves

between coverage areas.

SUMMARY

[0006] Certain aspects of the present disclosure provide a method of wireless
communication by a target base station. The method includes receiving a handover
request from a source base station for handover of communication of a user equipment
from the source base station to the target base station. The method further includes
generating a semi-persistent scheduling uplink grant for the user equipment to transmit a
handover complete message based on receiving the handover request. The method

further includes communicating the grant to the user equipment.

[0007] Certain aspects of the present disclosure provide a method of wireless
communication by a user equipment. The method includes receiving, from a source
base station, a semi-persistent scheduling uplink grant for the user equipment to
transmit a handover complete message to a target base station for handover of
communication of the user equipment from the source base station to the target base
station. The method further includes transmitting the handover complete message based

on the grant.

[0008] Certain aspects of the present disclosure provide a method of wireless
communication by a target base station. The method includes receiving a handover
request from a source base station for handover of communication of a user equipment

from the source base station to the target base station. The method further includes
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generating a dynamic uplink grant for the user equipment to transmit a handover
complete message based on receiving the handover request. The method further

includes transmitting the grant to the user equipment.

[0009] Certain aspects of the present disclosure provide a method of wireless
communication by a user equipment. The method includes receiving, from a target base
station, a dynamic uplink grant for the user equipment to transmit a handover complete
message to the target base station for handover of communication of the user equipment
from the source base station to the target base station. The method further includes

transmitting the handover complete message based on the grant.

[0010] Certain aspects of the present disclosure provide a target base station. The
target base station includes a memory and a processor. The processor configured to
receive a handover request from a source base station for handover of communication of
a user equipment from the source base station to the target base station. The processor
is further configured to generate a semi-persistent scheduling uplink grant for the user
equipment to transmit a handover complete message based on receiving the handover
request. The processor is further configured to communicate the grant to the user

equipment.

[0011] Certain aspects of the present disclosure provide a user equipment. The user
equipment includes a memory and a processor. The processor is configured to receive,
from a source base station, a semi-persistent scheduling uplink grant for the user
equipment to transmit a handover complete message to a target base station for
handover of communication of the user equipment from the source base station to the
target base station. The processor is further configured to transmit the handover

complete message based on the grant.

[0012] Certain aspects of the present disclosure provide a target base station. The
target base station includes a memory and a processor. The processor is configured to
receive a handover request from a source base station for handover of communication of
a user equipment from the source base station to the target base station. The processor
is further configured to generate a dynamic uplink grant for the user equipment to
transmit a handover complete message based on receiving the handover request. The

processor is further configured to transmit the grant to the user equipment.
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[0013] Certain aspects of the present disclosure provide a user equipment. The user
equipment includes a memory and a processor. The processor is configured to receive,
from a target base station, a dynamic uplink grant for the user equipment to transmit a
handover complete message to the target base station for handover of communication of
the user equipment from the source base station to the target base station. The processor

is further configured to transmit the handover complete message based on the grant.

[0014] Certain aspects of the present disclosure provide a target base station. The
target base station includes means for receiving a handover request from a source base
station for handover of communication of a user equipment from the source base station
to the target base station. The target base station further includes means for generating a
semi-persistent scheduling uplink grant for the user equipment to transmit a handover
complete message based on receiving the handover request. The target base station

further includes communicating the grant to the user equipment.

[0015] Certain aspects of the present disclosure provide a user equipment. The user
equipment includes means for receiving, from a source base station, a semi-persistent
scheduling uplink grant for the user equipment to transmit a handover complete
message to a target base station for handover of communication of the user equipment
from the source base station to the target base station. The user equipment further

includes means for transmitting the handover complete message based on the grant.

[0016] Certain aspects of the present disclosure provide a target base station. The
target base station includes means for receiving a handover request from a source base
station for handover of communication of a user equipment from the source base station
to the target base station. The target base station further includes means for generating a
dynamic uplink grant for the user equipment to transmit a handover complete message
based on receiving the handover request. The target base station further includes means

for transmitting the grant to the user equipment.

[0017] Certain aspects of the present disclosure provide a user equipment. The user
equipment includes means for receiving, from a target base station, a dynamic uplink
grant for the user equipment to transmit a handover complete message to the target base

station for handover of communication of the user equipment from the source base
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station to the target base station. The user equipment further includes means for

transmitting the handover complete message based on the grant.

[0018] Certain aspects of the present disclosure provide a computer readable
medium having instructions stored thereon for causing at least one processor in a target
base station to perform a method. The method includes receiving a handover request
from a source base station for handover of communication of a user equipment from the
source base station to the target base station. The method further includes generating a
semi-persistent scheduling uplink grant for the user equipment to transmit a handover
complete message based on receiving the handover request. The method further

includes communicating the grant to the user equipment.

[0019] Certain aspects of the present disclosure provide a computer readable
medium having instructions stored thereon for causing at least one processor in a user
equipment to perform a method. The method includes receiving, from a source base
station, a semi-persistent scheduling uplink grant for the user equipment to transmit a
handover complete message to a target base station for handover of communication of
the user equipment from the source base station to the target base station. The method

further includes transmitting the handover complete message based on the grant.

[0020] Certain aspects of the present disclosure provide a computer readable
medium having instructions stored thereon for causing at least one processor in a target
base station to perform a method. The method includes receiving a handover request
from a source base station for handover of communication of a user equipment from the
source base station to the target base station. The method further includes generating a
dynamic uplink grant for the user equipment to transmit a handover complete message
based on receiving the handover request. The method further includes transmitting the

grant to the user equipment.

[0021] Certain aspects of the present disclosure provide a computer readable
medium having instructions stored thereon for causing at least one processor in a user
equipment to perform a method. The method includes receiving, from a target base
station, a dynamic uplink grant for the user equipment to transmit a handover complete

message to the target base station for handover of communication of the user equipment
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from the source base station to the target base station. The method further includes

transmitting the handover complete message based on the grant.

[0022] Aspects generally include methods, apparatus, systems, computer program
products, computer-readable medium, and processing systems, as substantially
described herein with reference to and as illustrated by the accompanying drawings.
“LTE” refers generally to LTE, LTE-Advanced (LTE-A), LTE in an unlicensed
spectrum (LTE-U), etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] So that the manner in which the above-recited features of the present
disclosure can be understood in detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are therefore not to be considered

limiting of its scope, for the description may admit to other equally effective aspects.
[0024] FIG. 1 is a diagram illustrating an example of a network architecture.

[0025] FIG. 2 is a diagram illustrating an example of an access network.

[0026] FIG. 3 is a diagram illustrating an example of a DL frame structure in LTE.
[0027] FIG. 4 is a diagram illustrating an example of an UL frame structure in LTE.

[0028] FIG. 5 is a diagram illustrating an example of a radio protocol architecture

for the user and control plane.

[0029] FIG. 6 is a diagram illustrating an example of an evolved Node B and user

equipment in an access network, in accordance with certain aspects of the disclosure.

[0030] FIG. 7 illustrates an example logical architecture of a distributed radio access

network (RAN), in accordance with certain aspects of the present disclosure.

[0031] FIG. 8 illustrates an example physical architecture of a distributed RAN, in

accordance with certain aspects of the present disclosure.
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[0032] FIG. 9 is a diagram illustrating an example of a downlink (DL)-centric

subframe, in accordance with certain aspects of the present disclosure.

[0033] FIG. 10 is a diagram illustrating an example of an uplink (UL)-centric subframe,

in accordance with certain aspects of the present disclosure.

[0034] FIG. 11 illustrates an example flow diagram for performing a RACH

procedure based handover.

[0035] FIG. 12 illustrates an example of a semi-persistent scheduling for an uplink
(UL) grant.

[0036] FIG. 13 illustrates example operations for performing handover that may be
performed by a target base station, in accordance with certain aspects of the present

disclosure.

[0037] FIG. 14 illustrates example operations for performing handover that may be
performed by a user equipment, in accordance with certain aspects of the present

disclosure.

[0038] FIG. 15 illustrates example operations for performing handover that may be
performed by a target base station, in accordance with certain aspects of the present

disclosure.

[0039] FIG. 16 illustrates example operations for performing handover that may be
performed by a user equipment, in accordance with certain aspects of the present

disclosure.

[0040] FIG. 17 illustrates example operations performed by a user equipment (UE)
to obtain uplink resources for completing handover from a source base station to a target

base station, in accordance with certain aspects of the present disclosure.

[0041] FIG. 18 illustrates example operations for signaling uplink resources for
handing over from a source base station to a target base station, in accordance with

certain aspects of the present disclosure.

[0042] FIG. 19 is a call flow diagram illustrating an example message exchange

between a UE and a target base station for obtaining uplink resources for completing
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handover from a source base station to the target base station, in accordance with certain

aspects of the present disclosure.

[0043] FIG. 20 is a call flow diagram illustrating an example message exchange a
user equipment (UE) for obtaining uplink resources for completing handover from a
source base station to a target base station, in accordance with certain aspects of the

present disclosure.

[0044] FIG. 21 illustrates example operations for performing a random access
procedure with reduced latency relative to a legacy random access procedure, in

accordance with certain aspects of the present disclosure.

[0045] FIG. 22 illustrates example operations for performing a random access
procedure with reduced latency relative to a legacy random access procedure, in

accordance with certain aspects of the present disclosure.

[0046] To facilitate understanding, identical reference numerals have been used, where
possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially utilized

on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0047] According to aspects of the present disclosure, techniques are provided to
perform handover of a session (e.g., ongoing call or data session) of a user equipment
from a source base station to a target base station. For example, a user equipment may
be communicating in a session via the source base station and moving toward an area
that is outside the coverage area of the source base station. Accordingly, in order to
maintain the session outside the coverage area of the source base station, the user
equipment may need to continue communicating in the session via another base station
that provides coverage in that area (i.e., a target base station). Therefore, the session
may need to be handed over from the source base station to the target base station to
maintain the session. Though aspects of the present disclosure are described with
respect to LTE systems, the aspects may also be used for other appropriate wireless

communication networks, including other vet to be defined wireless communication
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networks, such as those implementing 5G systems, and systems using different types of

radio technologies.

[0048] The detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well-known structures and components are shown in block diagram

form in order to avoid obscuring such concepts.

[0049] Several aspects of telecommunication systems will now be presented with
reference to various apparatus and methods. These apparatus and methods will be
described in the following detailed description and illustrated in the accompanying
drawings by various blocks, modules, components, circuits, steps, processes,
algorithms, etc. (collectively referred to as “elements”). These elements may be
implemented using hardware, software, or combinations thereof. =~ Whether such
elements are implemented as hardware or software depends upon the particular

application and design constraints imposed on the overall system.

[0050] By way of example, an element, or any portion of an element, or any
combination of elements may be implemented with a “processing system” that includes
one or more pProcessors. Examples of processors include microprocessors,
microcontrollers, digital signal processors (DSPs), field programmable gate arrays
(FPGAs), programmable logic devices (PLDs), state machines, gated logic, discrete
hardware circuits, and other suitable hardware configured to perform the various
functionality described throughout this disclosure. One or more processors in the
processing system may execute software. Software shall be construed broadly to mean
instructions, instruction sets, code, code segments, program code, programs,
subprograms, software modules, applications, software applications, software packages,
firmware, routines, subroutines, objects, executables, threads of execution, procedures,
functions, etc., whether referred to as software, firmware, middleware, microcode,

hardware description language, or otherwise.
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[0051] Accordingly, in one or more exemplary embodiments, the functions
described may be implemented in hardware, software, or combinations thereof If
implemented in software, the functions may be stored on or encoded as one or more
instructions or code on a computer-readable medium. Computer-readable media
includes computer storage media. Storage media may be any available media that can
be accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, PCM (phase change memory),
flash memory, 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. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-

readable media.

[0052] FIG. 1 is a diagram illustrating an LTE network architecture 100 in which

aspects of the present disclosure may be practiced.

[0053] The LTE network architecture 100 may be referred to as an Evolved Packet
System (EPS) 100. The EPS 100 may include one or more user equipment (UE) 102, an
Evolved UMTS Terrestrial Radio Access Network (E-UTRAN) 104, an Evolved Packet
Core (EPC) 110, a Home Subscriber Server (HSS) 120, and an Operator’s IP Services
122. The EPS can interconnect with other access networks, but for simplicity those
entities/interfaces are not shown. Exemplary other access networks may include an IP
Multimedia Subsystem (IMS) PDN, Internet PDN, Administrative PDN (e.g.,
Provisioning PDN), carrier-specific PDN, operator-specific PDN, and/or GPS PDN. As
shown, the EPS provides packet-switched services, however, as those skilled in the art
will readily appreciate, the various concepts presented throughout this disclosure may

be extended to networks providing circuit-switched services.

[0054] The E-UTRAN includes the evolved Node B (eNB) 106 and other eNBs
108. The eNB 106 provides user and control plane protocol terminations toward the UE
102. The eNB 106 may be connected to the other eNBs 108 via an X2 interface (e.g.,

backhaul). The eNB 106 may also be referred to as a base station, a base transceiver
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station, a radio base station, a radio transceiver, a transceiver function, a basic service
set (BSS), an extended service set, an access point, or some other suitable terminology.
The eNB 106 may provide an access point to the EPC 110 for a UE 102. Examples of
UEs 102 include a cellular phone, a smart phone, a session initiation protocol (SIP)
phone, a laptop, a personal digital assistant (PDA), a satellite radio, a global positioning
system, a multimedia device, a video device, a digital audio player (e.g., MP3 player), a
camera, a game console, a tablet, a netbook, a smart book, an ultrabook, a drone, a
robot, a sensor, a monitor, a meter, or any other similar functioning device. The UE 102
may also be referred to by those skilled in the art as a mobile station, a subscriber
station, a mobile unit, a subscriber unit, a wireless unit, a remote unit, a mobile device, a
wireless device, a wireless communications device, a remote device, a mobile
subscriber station, an access terminal, a mobile terminal, a wireless terminal, a remote
terminal, a handset, a user agent, a mobile client, a client, or some other suitable

terminology.

[0055] The eNB 106 is connected by an S1 interface to the EPC 110. The EPC 110
includes a Mobility Management Entity (MME) 112, other MMEs 114, a Serving
Gateway 116, and a Packet Data Network (PDN) Gateway 118. The MME 112 is the
control node that processes the signaling between the UE 102 and the EPC 110.
Generally, the MME 112 provides bearer and connection management. All user IP
packets are transferred through the Serving Gateway 116, which itself is connected to
the PDN Gateway 118. The PDN Gateway 118 provides UE IP address allocation as
well as other functions. The PDN Gateway 118 is connected to the Operator’s IP
Services 122. The Operator’s IP Services 122 may include, for example, the Internet,
the Intranet, an IP Multimedia Subsystem (IMS), and a PS (packet-switched)
Streaming Service (PSS). In this manner, the UE 102 may be coupled to the PDN
through the LTE network.

[0056] FIG. 2 is a diagram illustrating an example of an access network 200 in an

LTE network architecture in which aspects of the present disclosure may be practiced.

[0057] In this example, the access network 200 is divided into a number of cellular
regions (cells) 202. One or more lower power class eNBs 208 may have cellular
regions 210 that overlap with one or more of the cells 202. A lower power class eNB

208 may be referred to as a remote radio head (RRH). The lower power class eNB 208



WO 2018/031931 PCT/US2017/046590

12

may be a femto cell (e.g., home eNB (HeNB)), pico cell, or micro cell. The macro
eNBs 204 are each assigned to a respective cell 202 and are configured to provide an
access point to the EPC 110 for all the UEs 206 in the cells 202. There is no centralized
controller in this example of an access network 200, but a centralized controller may be
used in alternative configurations. The eNBs 204 are responsible for all radio related
functions including radio bearer control, admission control, mobility control,
scheduling, security, and connectivity to the serving gateway 116. The network 200
may also include one or more relays (not shown). According to one application, a UE

may serve as a relay.

[0058] Since UEs 206 may be mobile, they may move from a cell 202/region 210
associated with one eNB 204/208 to a cell 202/region 210 associated with another eNB
204/208. Further, the UE 206 may have an active session, (e.g., ongoing call or data
session) during the movement from one cell 202/region 210 to another. For example, a
UE 206 may be moving away from one eNB 204/208 and toward another eNB 204/208,
while in a session and communicating in the network 200. Accordingly, the UE 206
may move out of one cell 202/region 210 and into another cell 202/region 210. In order
to maintain the session, therefore, the UE 206 may need to have the session handed over
from the source eNB 204/208 to the target eNB 204/208, so that the UE 206 can
communicate via the target eNB 204/208. Such a handover may occur, for example,
while the 206 is in an area covered by both the source eNB 204/208 and the target eNB
204/208, meaning the UE 206 is able to communicate with both the source eNB
204/208 and the target eNB 204/208. In certain aspects, the techniques described herein
relate to handover of the UE from a source eNB (i.e., source base station) to a target

eNB (i.e., target base station).

[0059] The modulation and multiple access scheme employed by the access network
200 may vary depending on the particular telecommunications standard being deployed.
In LTE applications, OFDM is used on the DL and SC-FDMA is used on the UL to
support both frequency division duplexing (FDD) and time division duplexing (TDD).
As those skilled in the art will readily appreciate from the detailed description to follow,
the various concepts presented herein are well suited for LTE applications. However,
these concepts may be readily extended to other telecommunication standards

employing other modulation and multiple access techniques. By way of example, these
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concepts may be extended to Evolution-Data Optimized (EV-DO) or Ultra Mobile
Broadband (UMB). EV-DO and UMB are air interface standards promulgated by the
3rd Generation Partnership Project 2 (3GPP2) as part of the CDMA2000 family of
standards and employs CDMA to provide broadband Internet access to mobile stations.
These concepts may also be extended to Universal Terrestrial Radio Access (UTRA)
employing Wideband-CDMA (W-CDMA) and other variants of CDMA, such as TD-
SCDMA; Global System for Mobile Communications (GSM) employing TDMA; and
Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, and Flash-OFDM employing OFDMA. UTRA,
E-UTRA, UMTS, LTE and GSM are described in documents from the 3GPP
organization. CDMA2000 and UMB are described in documents from the 3GPP2
organization. The actual wireless communication standard and the multiple access
technology employed will depend on the specific application and the overall design

constraints imposed on the system.

[0060] The eNBs 204 may have multiple antennas supporting MIMO technology.
The use of MIMO technology enables the eNBs 204 to exploit the spatial domain to
support spatial multiplexing, beamforming, and transmit diversity. Spatial multiplexing
may be used to transmit different streams of data simultaneously on the same frequency.
The data streams may be transmitted to a single UE 206 to increase the data rate or to
multiple UEs 206 to increase the overall system capacity. This is achieved by spatially
precoding each data stream (e.g., applying a scaling of an amplitude and a phase) and
then transmitting each spatially precoded stream through multiple transmit antennas on
the DL. The spatially precoded data streams arrive at the UE(s) 206 with different
spatial signatures, which enables each of the UE(s) 206 to recover the one or more data
streams destined for that UE 206. On the UL, each UE 206 transmits a spatially
precoded data stream, which enables the eNB 204 to identify the source of each

spatially precoded data stream.

[0061] Spatial multiplexing is generally used when channel conditions are good.
When channel conditions are less favorable, beamforming may be used to focus the
transmission energy in one or more directions. This may be achieved by spatially

precoding the data for transmission through multiple antennas. To achieve good
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coverage at the edges of the cell, a single stream beamforming transmission may be

used in combination with transmit diversity.

[0062] In the detailed description that follows, various aspects of an access network
will be described with reference to a MIMO system supporting OFDM on the DL.
OFDM is a spread-spectrum technique that modulates data over a number of subcarriers
within an OFDM symbol. The subcarriers are spaced apart at precise frequencies.
The spacing provides “orthogonality™ that enables a receiver to recover the data from
the subcarriers. In the time domain, a guard interval (e.g., cyclic prefix) may be added
to each OFDM symbol to combat inter-OFDM-symbol interference. The UL may
use SC-FDMA in the form of a DFT-spread OFDM signal to compensate for high
peak-to-average power ratio (PAPR).

[0063] FIG. 3 is a diagram 300 illustrating an example of a DL frame structure in
LTE. A frame (10 ms) may be divided into 10 equally sized sub-frames with indices of
0 through 9. Each sub-frame may include two consecutive time slots. A resource grid
may be used to represent two time slots, each time slot including a resource block. The
resource grid is divided into multiple resource elements. In LTE, a resource block
contains 12 consecutive subcarriers in the frequency domain and, for a normal cyclic
prefix in each OFDM symbol, 7 consecutive OFDM symbols in the time domain, or 84
resource elements. Since each sub-frame is made up of 2 time slots, and thus 2 resource
blocks, each sub-frame includes 14 OFDM symbols. For an extended cyclic prefix, a
resource block contains 6 consecutive OFDM symbols in the time domain and has 72
resource elements. Some of the resource elements, as indicated as R 302, R 304,
include DL reference signals (DL-RS). The DL-RS include Cell-specific RS (CRS)
(also sometimes called common RS) 302 and UE-specific RS (UE-RS) 304. UE-RS
304 are transmitted only on the resource blocks upon which the corresponding physical
DL shared channel (PDSCH) is mapped. The number of bits carried by each resource
element depends on the modulation scheme. Thus, the more resource blocks that a UE

receives and the higher the modulation scheme, the higher the data rate for the UE.

[0064] In LTE, in certain aspects, an eNB may send a primary synchronization
signal (PSS) and a secondary synchronization signal (SSS) for each cell in the eNB.

The synchronization signals may be used by UEs for cell detection and acquisition. The
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eNB may also send a Physical Broadcast Channel (PBCH). The PBCH may carry

certain system information.

[0065] The eNB may send a Physical Control Format Indicator Channel (PCFICH)
in the first symbol period of each subframe. The PCFICH may convey the number of
symbol periods (M) used for control channels, where M may be equal to 1, 2 or 3 and
may change from subframe to subframe. M may also be equal to 4 for a small system
bandwidth, e.g., with less than 10 resource blocks. The eNB may send a Physical
HARQ Indicator Channel (PHICH) and a Physical Downlink Control Channel
(PDCCH) in the first M symbol periods of each subframe. The PHICH may carry
information to support hybrid automatic repeat request (HARQ). The PDCCH may
carry information on resource allocation for UEs and control information for downlink
channels. The eNB may send a Physical Downlink Shared Channel (PDSCH) in the
remaining symbol periods of each subframe. The PDSCH may carry data for UEs

scheduled for data transmission on the downlink.

[0066] The eNB may send the PSS, SSS, and PBCH in the center 1.08 MHz of the
system bandwidth used by the eNB. The eNB may send the PCFICH and PHICH
across the entire system bandwidth in each symbol period in which these channels are
sent. The eNB may send the PDCCH to groups of UEs in certain portions of the system
bandwidth. The eNB may send the PDSCH to specific UEs in specific portions of the
system bandwidth. The eNB may send the PSS, SSS, PBCH, PCFICH, and PHICH in a
broadcast manner to all UEs, may send the PDCCH in a unicast manner to specific UEs,

and may also send the PDSCH in a unicast manner to specific UEs.

[0067] A number of resource elements may be available in each symbol period.
Each resource element (RE) may cover one subcarrier in one symbol period and may be
used to send one modulation symbol, which may be a real or complex value. Resource
elements not used for a reference signal in each symbol period may be arranged into
resource element groups (REGs). Each REG may include four resource elements in one
symbol period. The PCFICH may occupy four REGs, which may be spaced
approximately equally across frequency, in symbol period 0. The PHICH may occupy
three REGs, which may be spread across frequency, in one or more configurable symbol
periods. For example, the three REGs for the PHICH may all belong in symbol period 0
or may be spread in symbol periods O, 1, and 2. The PDCCH may occupy 9, 18, 36, or
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72 REGs, which may be selected from the available REGs, in the first M
symbol periods, for example. Only certain combinations of REGs may be allowed for

the PDCCH.

[0068] A UE may know the specific REGs used for the PHICH and the PCFICH.
The UE may search different combinations of REGs for the PDCCH. The number of
combinations to search is typically less than the number of allowed combinations for the
PDCCH. An eNB may send the PDCCH to the UE in any of the combinations that the
UE will search.

[0069] FIG. 4 is a diagram 400 illustrating an example of an UL frame structure in
LTE. The available resource blocks for the UL may be partitioned into a data section
and a control section. The control section may be formed at the two edges of the system
bandwidth and may have a configurable size. The resource blocks in the control section
may be assigned to UEs for transmission of control information. The data section may
include all resource blocks not included in the control section. The UL frame structure
results in the data section including contiguous subcarriers, which may allow a single

UE to be assigned all of the contiguous subcarriers in the data section.

[0070] A UE may be assigned resource blocks 410a, 410b in the control section to
transmit control information to an eNB. The UE may also be assigned resource blocks
420a, 420b in the data section to transmit data to the eNB. The UE may transmit
control information in a physical UL control channel (PUCCH) on the assigned resource
blocks in the control section. The UE may transmit only data or both data and control
information in a physical UL shared channel (PUSCH) on the assigned resource blocks
in the data section. A UL transmission may span both slots of a subframe and may hop

across frequency.

[0071] A set of resource blocks may be used to perform initial system access and
achieve UL synchronization in a physical random access channel (PRACH) 430. The
PRACH 430 carries a random sequence and cannot carry any UL data/signaling. Each
random access preamble occupies a bandwidth corresponding to six consecutive
resource blocks. The starting frequency is specified by the network. That is, the
transmission of the random access preamble is restricted to certain time and frequency

resources. There is no frequency hopping for the PRACH. The PRACH attempt is
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carried in a single subframe (1 ms) or in a sequence of few contiguous subframes and a

UE can make only a single PRACH attempt per frame (10 ms).

[0072] FIG. 5 is a diagram 500 illustrating an example of a radio protocol
architecture for the user and control planes in LTE. The radio protocol architecture for
the UE and the eNB is shown with three layers: Layer 1, Layer 2, and Layer 3. Layer 1
(L1 layer) is the lowest layer and implements various physical layer signal processing
functions. The L1 layer will be referred to herein as the physical layer 506. Layer 2
(L2 layer) 508 is above the physical layer 506 and is responsible for the link between
the UE and eNB over the physical layer 506.

[0073] In the user plane, the L2 layer 508 includes a media access control (MAC)
sublayer 510, a radio link control (RLC) sublayer 512, and a packet data convergence
protocol (PDCP) 514 sublayer, which are terminated at the eNB on the network side.
Although not shown, the UE may have several upper layers above the L2 layer 508
including a network layer (e.g., IP layer) that is terminated at the PDN gateway 118 on
the network side, and an application layer that is terminated at the other end of the

connection (e.g., far end UE, server, etc.).

[0074] The PDCP sublayer 514 provides multiplexing between different radio
bearers and logical channels. The PDCP sublayer 514 also provides header
compression for upper layer data packets to reduce radio transmission overhead,
security by ciphering the data packets, and handover support for UEs between eNBs.
The RLC sublayer 512 provides segmentation and reassembly of upper layer data
packets, retransmission of lost data packets, and reordering of data packets to
compensate for out-of-order reception due to hybrid automatic repeat request (HARQ).
The MAC sublayer 510 provides multiplexing between logical and transport channels.
The MAC sublayer 510 is also responsible for allocating the various radio resources
(e.g., resource blocks) in one cell among the UEs. The MAC sublayer 510 is also
responsible for HARQ operations.

[0075] In the control plane, the radio protocol architecture for the UE and eNB is
substantially the same for the physical layer 506 and the L2 layer 508 with the exception
that there is no header compression function for the control plane. The control

plane also includes a radio resource control (RRC) sublayer 516 in Layer 3 (L3 layer).
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The RRC sublayer 516 is responsible for obtaining radio resources (i.e., radio bearers)

and for configuring the lower layers using RRC signaling between the eNB and the UE.

[0076] FIG. 6 is a block diagram of an eNB 610 in communication with a UE 650 in

an access network, in which aspects of the present disclosure may be practiced.

[0077] In the DL, upper layer packets from the core network are provided to a
controller/processor 675. The controller/processor 675 implements the functionality of
the L2 layer, for example. In the DL, the controller/processor 675 provides header
compression, ciphering, packet segmentation and reordering, multiplexing between
logical and transport channels, and radio resource allocations to the UE 650 based on
various priority metrics. The controller/processor 675 is also responsible for HARQ

operations, retransmission of lost packets, and signaling to the UE 650.

[0078] The TX processor 616 implements various signal processing functions for
the L1 layer (i.e., physical layer), for example. The signal processing functions includes
coding and interleaving to facilitate forward error correction (FEC) at the UE 650 and
mapping to signal constellations based on various modulation schemes (e.g., binary
phase-shift keying (BPSK), quadrature phase-shift keying (QPSK), M-phase-shift
keying (M-PSK), M-quadrature amplitude modulation (M-QAM)). The coded and
modulated symbols are then split into parallel streams. Each stream is then mapped to
an OFDM subcarrier, multiplexed with a reference signal (e.g., pilot) in the time and/or
frequency domain, and then combined together using an Inverse Fast Fourier Transform
(IFFT) to produce a physical channel carrying a time domain OFDM symbol stream.
The OFDM stream is spatially precoded to produce multiple spatial streams. Channel
estimates from a channel estimator 674 may be used to determine the coding and
modulation scheme, as well as for spatial processing. The channel estimate may be
derived from a reference signal and/or channel condition feedback transmitted by the
UE 650. Each spatial stream is then provided to a different antenna 620 via a separate
transmitter 618TX. Each transmitter 618TX modulates an RF carrier with a respective

spatial stream for transmission.

[0079] At the UE 650, each receiver 654RX receives a signal through its respective
antenna 652. Each receiver 654RX recovers information modulated onto an RF carrier

and provides the information to the receiver (RX) processor 656. The RX processor 656
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implements various signal processing functions of the L1 layer, for example. The RX
processor 656 performs spatial processing on the information to recover any spatial
streams destined for the UE 650. If multiple spatial streams are destined for the UE
650, they may be combined by the RX processor 656 into a single OFDM symbol
stream. The RX processor 656 then converts the OFDM symbol stream from the time-
domain to the frequency domain using a Fast Fourier Transform (FFT). The frequency
domain signal comprises a separate OFDM symbol stream for each subcarrier of the
OFDM signal. The symbols on each subcarrier, and the reference signal, is recovered
and demodulated by determining the most likely signal constellation points transmitted
by the eNB 610. These soft decisions may be based on channel estimates computed by
the channel estimator 658. The soft decisions are then decoded and deinterleaved to
recover the data and control signals that were originally transmitted by the eNB 610 on
the physical channel. The data and control signals are then provided to the

controller/processor 659.

[0080] The controller/processor 659 implements the L2 layer, for example. The
controller/processor 659 can be associated with a memory 660 that stores program
codes and data. The memory 660 may be referred to as a computer-readable medium.
In the UL, the controller/processor 659 provides demultiplexing between transport and
logical channels, packet reassembly, deciphering, header decompression, control signal
processing to recover upper layer packets from the core network. The upper layer
packets are then provided to a data sink 662, which represents all the protocol layers
above the L2 layer. Various control signals may also be provided to the data sink 662
for L3 processing. The controller/processor 659 is also responsible for error detection
using an acknowledgement (ACK) and/or negative acknowledgement (NACK) protocol
to support HARQ operations.

[0081] In the UL, a data source 667 is used to provide upper layer packets to the
controller/processor 659, for example. The data source 667 represents all protocol
layers above the L2 layer, for example. Similar to the functionality described in
connection with the DL transmission by the eNB 610, the controller/processor 659
implements the L2 layer for the user plane and the control plane by providing header
compression, ciphering, packet segmentation and reordering, and multiplexing between

logical and transport channels based on radio resource allocations by the eNB 610, for
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example. The controller/processor 659 is also responsible for HARQ operations,

retransmission of lost packets, and signaling to the eNB 610, for example.

[0082] Channel estimates derived by a channel estimator 658 from a reference
signal or feedback transmitted by the eNB 610 may be used by the TX processor 668 to
select the appropriate coding and modulation schemes, and to facilitate spatial
processing. The spatial streams generated by the TX processor 668 are provided to
different antenna 652 via separate transmitters 654TX. Each transmitter 654TX

modulates an RF carrier with a respective spatial stream for transmission.

[0083] The UL transmission is processed at the eNB 610 in a manner similar to that
described in connection with the receiver function at the UE 650. Each receiver 618RX
receives a signal through its respective antenna 620. Each receiver 618RX recovers
information modulated onto an RF carrier and provides the information to a RX

processor 670. The RX processor 670 may implement the L1 layer, for example.

[0084] The controller/processor 675 implements the L2 layer, for example. The
controller/processor 675 can be associated with a memory 676 that stores program
codes and data. The memory 676 may be referred to as a computer-readable medium.
In the UL, the control/processor 675 provides demultiplexing between transport and
logical channels, packet reassembly, deciphering, header decompression, control signal
processing to recover upper layer packets from the UE 650. Upper layer packets from
the controller/processor 675 may be provided to the core network. The
controller/processor 675 is also responsible for error detection using an ACK and/or
NACK protocol to support HARQ operations. The controllers/processors 675, 659 may
direct the operations at the eNB 610 and the UE 650, respectively.

[0085] The controller/processor 659 and/or other processors, components and/or
modules at the UE 650 may perform or direct operations, for example operations 1400,
1600, or 1700 in FIGs. 14, 16, and 17, and/or other processes or techniques described
herein for performing handover from a source base station to a target base station. The
controller/processor 675 and/or other processors, components and/or modules at the
eNB 610 may perform or direct operations, for example operations 1300, 1500, or 1800
in FIGs. 13, 15, and 18, and/or other processes or techniques described herein for

performing handover from a source base station to a target base station. In certain



WO 2018/031931 PCT/US2017/046590

21

aspects, one or more of any of the components shown in FIG. 6 may be employed to
perform operations, and/or other processes for the techniques described herein. The
memories 660 and 676 may store data and program codes for the UE 650 and eNB 610
respectively, accessible and executable by one or more other components of the UE 650

and the eNB 610.

EXAMPLE NEW RADIO (NR)/5G RADIO ACCESS NETWORK
ARCHITECTURE

[0086] While aspects of the examples described herein may be associated with LTE
technologies, aspects of the present disclosure may be applicable with other wireless

communications systems, such as NR or 5G technologies.

[0087] New radio (NR) may refer to radios configured to operate according to a new
air interface (e.g., other than Orthogonal Frequency Divisional Multiple Access
(OFDMA)-based air interfaces) or fixed transport layer (e.g., other than Internet
Protocol (IP)). NR may utilize OFDM with a cyclic prefix (CP) on the uplink and
downlink and may include support for half-duplex operation using time division
duplexing (TDD). NR may include Enhanced Mobile Broadband (eMBB) service
targeting wide bandwidth (e.g. 80 MHz beyond), millimeter wave (mmW) targeting
high carrier frequency (e.g. 60 GHz), massive MTC (mMTC) targeting non-backward
compatible MTC techniques, and/or mission critical targeting ultra-reliable low latency

communications (URLLC) service.

[0088] A single component carrier bandwidth of 100 MHZ may be supported. In
one example, NR resource blocks (RBs) may span 12 sub-carriers with a sub-carrier
bandwidth of 75 kHz over a 0.1 ms duration or a bandwidth of 15 kHz over a 1 ms
duration. Each radio frame may consist of 10 or 50 subframes with a length of 10 ms.
Each subframe may have a length of 0.2 ms. Each subframe may indicate a link
direction (i.e., DL or UL) for data transmission and the link direction for each subframe
may be dynamically switched. Each subframe may include DL/UL data as well as
DL/UL control data. UL and DL subframes for NR may be as described in more detail
below with respect to FIGs. 9 and 10.

[0089] Beamforming may be supported and beam direction may be dynamically
configured. MIMO transmissions with precoding may also be supported. MIMO
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configurations in the DL may support up to 8 transmit antennas with multi-layer DL
transmissions up to 8 streams and up to 2 streams per UE. Multi-layer transmissions
with up to 2 streams per UE may be supported. Aggregation of multiple cells may be
supported with up to 8 serving cells. Alternatively, NR may support a different air
interface, other than an OFDM-based interface.

[0090] The NR RAN may include a central unit (CU) and distributed units (DUs).
A NR BS (e.g., gNB, 5G Node B, Node B, transmission reception point (TRP), access
point (AP)) may correspond to one or multiple BSs. NR cells can be configured as
access cells (ACells) or data only cells (DCells). For example, the RAN (e.g., a central
unit or distributed unit) can configure the cells. DCells may be cells used for carrier
aggregation or dual connectivity and may not be used for initial access, cell
selection/reselection, or handover. In some cases, DCells may not transmit
synchronization signals (SS)—in some case cases DCells may transmit SS. NR BSs
may transmit downlink signals to UEs indicating the cell type. Based on the cell type
indication, the UE may communicate with the NR BS. For example, the UE may
determine NR BSs to consider for cell selection, access, handover, and/or measurement

based on the indicated cell type.

[0091] FIG. 7 illustrates an example logical architecture of a distributed RAN 700,
according to aspects of the present disclosure. A 5G access node 706 may include an
access node controller (ANC) 702. The ANC may be a central unit (CU) of the
distributed RAN 700. The backhaul interface to the next generation core network (NG-
CN) 704 may terminate at the ANC. The backhaul interface to neighboring next
generation access nodes (NG-ANs) may terminate at the ANC. The ANC may include
one or more TRPs 708 (which may also be referred to as BSs, NR BSs, Node Bs, 5G
NBs, APs, or some other term). As described above, a TRP may be used

interchangeably with “cell.”

[0092] The TRPs 708 may be a distributed unit (DU). The TRPs may be connected
to one ANC (ANC 702) or more than one ANC (not illustrated). For example, for RAN
sharing, radio as a service (RaaS), and service specific AND deployments, the TRP may
be connected to more than one ANC. A TRP may include one or more antenna ports.
The TRPs may be configured to individually (e.g., dynamic selection) or jointly (e.g.,

joint transmission) serve traffic to a UE.
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[0093] The local architecture 700 may be used to illustrate fronthaul definition. The
architecture may be defined that support fronthauling solutions across different
deployment types. For example, the architecture may be based on transmit network
capabilities (e.g., bandwidth, latency, and/or jitter). The architecture may share features
and/or components with LTE. According to aspects, the next generation AN (NG-AN)
710 may support dual connectivity with NR. The NG-AN may share a common
fronthaul for LTE and NR.

[0094] The architecture may enable cooperation between and among TRPs 708. For
example, cooperation may be preset within a TRP and/or across TRPs via the ANC 702.

According to aspects, no inter-TRP interface may be needed/present.

[0095] According to aspects, a dynamic configuration of split logical functions may
be present within the architecture 700. The PDCP, RLC, MAC protocol may be
adaptably placed at the ANC or TRP.

[0096] FIG. 8 illustrates an example physical architecture of a distributed RAN 800,
according to aspects of the present disclosure. A centralized core network unit (C-CU)
802 may host core network functions. The C-CU may be centrally deployed. C-CU
functionality may be offloaded (e.g., to advanced wireless services (AWS)), in an effort
to handle peak capacity. A centralized RAN unit (C-RU) 804 may host one or more
ANC functions. Optionally, the C-RU may host core network functions locally. The C-
RU may have distributed deployment. The C-RU may be closer to the network edge. A
distributed unit (DU) 806 may host one or more TRPs. The DU may be located at edges
of the network with radio frequency (RF) functionality.

[0097] FIG. 9 is a diagram 900 showing an example of a DL-centric subframe.
The DL-centric subframe may include a control portion 902. The control portion 902
may exist in the initial or beginning portion of the DL-centric subframe. The control
portion 802 may include various scheduling information and/or control information
corresponding to various portions of the DL-centric subframe. In some configurations,
the control portion 902 may be a physical DL control channel (PDCCH), as indicated in
FIG. 8. The DL-centric subframe may also include a DL data portion 904. The DL data
portion 904 may sometimes be referred to as the payload of the DL-centric subframe.

The DL data portion 904 may include the communication resources utilized to
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communicate DL data from the scheduling entity (e.g., UE or BS) to the subordinate
entity (e.g., UE). In some configurations, the DL data portion 904 may be a physical
DL shared channel (PDSCH).

[0098] The DL-centric subframe may also include a common UL portion 906. The
common UL portion 906 may sometimes be referred to as an UL burst, a common UL
burst, and/or various other suitable terms. The common UL portion 906 may include
feedback information corresponding to various other portions of the DL-centric
subframe. For example, the common UL portion 906 may include feedback information
corresponding to the control portion 902. Non-limiting examples of feedback
information may include an ACK signal, a NACK signal, a HARQ indicator, and/or
various other suitable types of information. The common UL portion 906 may include
additional or alternative information, such as information pertaining to random access
channel (RACH) procedures, scheduling requests (SRs), and various other suitable
types of information. As illustrated in FIG. 9, the end of the DL data portion 904 may
be separated in time from the beginning of the common UL portion 906. This time
separation may sometimes be referred to as a gap, a guard period, a guard interval,
and/or various other suitable terms. This separation provides time for the switch-over
from DL communication (e.g., reception operation by the subordinate entity (e.g., UE))
to UL communication (e.g., transmission by the subordinate entity (e.g., UE)). One of
ordinary skill in the art will understand that the foregoing is merely one example of a
DL-centric subframe and alternative structures having similar features may exist

without necessarily deviating from the aspects described herein.

[0099] FIG. 10 is a diagram 1000 showing an example of an UL-centric subframe.
The UL-centric subframe may include a control portion 1002. The control portion 1002
may exist in the initial or beginning portion of the UL-centric subframe. The control
portion 1002 in FIG. 10 may be similar to the control portion 1002 described above with
reference to FIG. 10. The UL-centric subframe may also include an UL data portion
1004. The UL data portion 1004 may sometimes be referred to as the payload of the
UL-centric subframe. The UL portion may refer to the communication resources
utilized to communicate UL data from the subordinate entity (e.g., UE) to the
scheduling entity (e.g., UE or BS). In some configurations, the control portion 1002
may be a physical DL control channel (PDCCH).
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[0100] As illustrated in FIG. 10, the end of the control portion 1002 may be
separated in time from the beginning of the UL data portion 1004. This time separation
may sometimes be referred to as a gap, guard period, guard interval, and/or various
other suitable terms. This separation provides time for the switch-over from DL
communication (e.g., reception operation by the scheduling entity) to UL
communication (e.g., transmission by the scheduling entity). The UL-centric subframe
may also include a common UL portion 1006. The common UL portion 1006 in FIG.
10 may be similar to the common UL portion 1006 described above with reference to
FIG. 10. The common UL portion 1006 may additional or alternative include
information pertaining to channel quality indicator (CQI), sounding reference signals
(SRSs), and various other suitable types of information. One of ordinary skill in the art
will understand that the foregoing is merely one example of an UL-centric subframe and
alternative structures having similar features may exist without necessarily deviating

from the aspects described herein.

[0101] In some circumstances, two or more subordinate entities (e.g., UEs) may
communicate with each other using sidelink signals. Real-world applications of such
sidelink communications may include public safety, proximity services, UE-to-network
relaying, vehicle-to-vehicle (V2V) communications, Internet of Everything (IoE)
communications, IoT communications, mission-critical mesh, and/or various other
suitable applications. Generally, a sidelink signal may refer to a signal communicated
from one subordinate entity (e.g., UE1l) to another subordinate entity (e.g., UE2)
without relaying that communication through the scheduling entity (e.g., UE or BS),
even though the scheduling entity may be utilized for scheduling and/or control
purposes. In some examples, the sidelink signals may be communicated using a
licensed spectrum (unlike wireless local area networks, which typically use an

unlicensed spectrum).

EXAMPLE HANDOVER PROCEDURE

[0102] As mentioned above, handover of a UE from one base station to another
may be beneficial where the UE moves from the coverage of one base station to
another. Throughout the present disclosure, many aspects are discussed in terms of

specific radio access technologies (RATSs), such as LTE, for purposes of clarity.
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However, the disclosure is not so limited and may apply to any suitable RAT or

combination of RATs.

[0103] One method for handover may involve the use of a random-access channel
(RACH) procedure in order to handover from a source base station to a target base
station. FIG. 11 is an illustration of an example flow diagram 1100 for performing such
a RACH procedure. In certain aspects, the steps of the flow diagram 1100 may be
performed after the UE 102 sends a measurement report to a source base station 106 it is
communicating via and based on that report receives a handover command to perform a
handover from the source base station 106 to a target base station 106b. In certain
aspects, the UE 102 may be configured to send the measurement report only under
certain conditions (e.g., the signal strength with the source base station is below a
threshold).

[0104] The measurement report may include signal strength information (e.g.,
RSSI, RSRP, RSRQ) about the source base station 106 and one or more detected base
stations (e.g., other base stations the UE 102 is within coverage area of (e.g.,
neighboring base stations)). In addition, the measurement report may include an
identifier (e.g., physical cell identifier (PCI)) for each of the one or more detected base

stations, so the source base station 106 can identify each of the detected base stations.

[0105] The base station 106 (e.g., along with other entities in the communication
network) may select one of the detected base station(s) as a target base station to
handover communications of the UE 102. For example, the source base station 106,
based on this information, may determine the signal strength of the source base station
106 is decreasing (e.g., below a threshold) and the signal strength of one or more of the
detected base station(s) is increasing (e.g., above a threshold). The source base station
106 may select a detected base station to be a target base station for handover based on
the signal strength information in the measurement report. The source base station 106
may then send a handover request to the target base station 106b (e.g., via a backhaul
interface, X2 interface). The target base station 106b may then send a handover request
acknowledgement to the source base station 106 (e.g., via a backhaul interface, X2
interface). The source base station 106 may then send a handover command (e.g., RRC
Connection Reconfiguration) to the UE 102 to initiate a handover to the target base

station 106b. The handover command may identify the target base station 106b.
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[0106] At 1105, the UE 102 may send/transmit a preamble to the target base station
106b over a RACH. Since the preamble is sent on a random access channel, where
communication is not scheduled, collisions may occur with communications from other
devices. Accordingly, as shown, the UE 102 may need to attempt to send the preamble
multiple times to the target base station 106b. The UE 102 may increment the
power used to transmit the preamble each time until the transmission is successful (e.g.,
the target base station 106b receives the preamble and sends a response according to

step 1115).

[0107] At 1110, the target base station 106b measures the preamble timing, and
based on the measured preamble timing, determines a timing advance for the UE 102 to
communicate with the target base station 106b (e.g., using LTE timing advance
procedures). For example, a timing advance may be a negative offset with which the
UE 102 starts transmission on a given subframe with the target base station 106b on a
UL to account for propagation delay so that subframes from different UEs 102 arrive at

the target base station 106b at the same time.

[0108] Further, at 1115, the target base station 106b transmits a response message
(e.g., random access response message) indicating it received the preamble from the UE
102. The response message may include an uplink grant and an indication of the timing
advance (e.g., timing advance command (TAC)). The uplink grant may indicate a
scheduling of resources (e.g., resource blocks) for the UE 102 to transmit information
on a UL to the target base station 106b. At 1120, the UE 102 may receive the response
message and transmit a handover complete message (e.g., RRC connection
reconfiguration complete message) to the target base station 106b indicating that the
handover is complete. The UE 102 may send the handover complete message, and
further communicate after handover is complete, according to the scheduling of
resources and timing advance information received. Further, the UE 102 may determine
a power to use to send the handover complete message, and further communicate after
handover is complete, by determining the last power level used to send the preamble
successfully to the target base station 106b. For example, the UE 102 may use the same

power level as used to successfully send the preamble.

[0109] Due to the collisions possible using the RACH procedure and other factors,

there may be a delay in handover when using a RACH procedure. Accordingly, certain
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aspects described herein relate to techniques for performing handover without using a
RACH procedure. In particular, in certain aspects, a similar procedure as discussed
herein with respect to source base station 106, target base station 106b, and UE 102 may
be utilized to select a handover target by the source base station 106, and send a
handover request message from the source base station 106 to the target base station
106b. However, instead of performing a RACH procedure to complete the handover,
the techniques described herein may be utilized to complete the handover. As discussed
with respect to FIG. 11, the RACH procedure may be utilized by the UE to both obtain
an uplink grant and achieve uplink timing synchronization between the UE and the
target base station. The aspects discussed herein relate to obtaining the uplink grant.
For achieving uplink timing synchronization between the UE and target base station any
suitable procedure may be used. For example, the uplink timing synchronization may

be calculated by the target base station or UE based on downlink measurements.

[0110] In certain aspects, the techniques described herein relate to a UE obtaining
an uplink grant from a target base station without using a RACH procedure. Further, in
certain aspects, the techniques described herein relate to the UE utilizing the uplink
grant to transmit a handover complete message (e.g., RRC Connection Reconfiguration
Complete) to the target base station. In certain aspects, the UE transmits the handover

complete message on a PUSCH.

[0111] In certain aspects, the uplink grant is a semi-persistent UL grant for a semi-
persistent scheduling (SPS). For example, the UL grant may be effective for a certain
time period (e.g., number of subframes) and/or a certain number of resources of a UL
channel (e.g., physical uplink shared channel (PUSCH), physical uplink control channel
(PUCCH), etc.). Accordingly, in certain aspects, the UL grant may specify one or more
of a starting system frame number (SFN) (e.g., 0-1023), an ending SFN, a time period T
(e.g., in a number of radio frames (e.g., subframes) (e.g., 10-20 ms)), and a subframe
number (e.g., 0-9) within an SFN for transmission. As shown with respect to FIG. 12,
the UL grant may therefore be valid for the specified subframe number (s) in the starting
SEFN (M), and for each specified subframe number (s) in each SFN every period T from
the starting SFN (M) up to the ending SFN (N). In certain aspects, the target base
station may * the semi-persistent UL grant after the UE completes handover before the

ending SFN.
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[0112] In certain aspects, the target base station 106b may generate an uplink grant
(e.g., SPS UL grant) and send the uplink grant to the source base station 106 in a
message (e.g., as part of the handover request acknowledgement message, handover
command message, etc.), such as over a backhaul interface (e.g., X2 interface). In
certain aspects, the message is a RRC container, which includes a RRC Connection
Reconfiguration. The source base station 106 may then transmit a handover command
(e.g., RRC Connection Reconfiguration) including the uplink grant to the UE 102. The
UE 102 may utilize the resources and MCS indicated in the uplink grant included in the

handover command to send a handover complete message to the target base station 106.

[0113] In certain aspects, the target base station 106b may select the resources of a
UL channel (e.g., PUSCH, PUCCH, etc.) and/or modulation and coding scheme (MCS)
for the uplink grant. For example, the target base station 106b may select the resources
and/or MCS to be used for a handover complete message (e.g., RRC Connection
Reconfiguration Complete) to be sent from the UE 102 to the target base station 106b.
In certain aspects, the target base station 106b utilizes UE measurements of the UE 102,
provided in the handover request message received from the source base station 106, to

select the resources and MCS.

[0114] In certain aspects the periodicity of the uplink grant may be selected by the
target base station 106b based on latency requirements (e.g., of bearers of the UE) for
completing the handover and/or the available resources of the target base station 106b.
For example, in certain aspects, the target base station 106b derives such latency
requirements based on the active radio bearers of the UE 102 and/or a type (e.g., UE
category as defined in 3GPP) associated with the UE 102. For example, if the UE 102
has more active bearers, a smaller periodicity may be selected, and if the UE 102 has
less active bearers, a larger periodicity may be selected. The target base station 106b
may receive such information including the active radio bearers and UE type in the

handover request message received from the source base station 106.

[0115] In certain aspects, a SPS UL grant is valid from the time it is received by
the UE 102. However, the target base station 106b may not have information of when
the uplink grant is actually received by the UE 102. Accordingly, in certain aspects,
instead of having the uplink grant be valid from the time it is received by the UE 102,
the target base station 106b may explicitly select a starting time for validity of the
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uplink grant and signal the starting time to the UE 102 (e.g., via the source base station
106, such as, through the handover acknowledgment message and handover command).

In certain aspects, the starting time is described by a SFN and subframe number.

[0116] In certain aspects, in order for the UE 102 to utilize the uplink grant at the
correct timing, the UE may obtain the timing (e.g., SFN timing) of the target base
station 106b. For example, the timing specified in the uplink grant may be with respect
to the target base station 106b’s UL timing. In certain aspects, the target base station
106b timing and the source base station 106 timing may utilize the same timing.
Further, since the UE 102 is already in communication with the source base station 106,
it has the timing information of the source base station 106, and can utilize the same

timing for the uplink grant.

[0117] In certain aspects, the timing of the source base station and the target base
station may not necessarily be the same. Accordingly, in certain aspects, the target base
station 106b may signal its timing to the UE 102. For example, in certain aspects, the
source base station 106 and the target base station 106b may exchange messages over a
backhaul (e.g., X2 messages) and determine a timing offset (e.g., SFN time offset)
between the timing of the source base station 106 and the target base station 106b. In
certain aspects, the timing of the source base station 106 and the target base station 106b
may be aligned at subframe boundaries. The source base station 106 may then send the
timing offset information to the UE 102 (e.g., in the handover command). The UE 102
may utilize the timing offset, and the known timing information for the source base
station 106, to determine the timing of the target base station 106b and utilize that

timing for the uplink grant.

[0118] In certain aspects, instead of the target base station 106b signaling the
timing to the UE 102, the UE 102 may read the master information block (MIB)
broadcast by the target base station 106b to determine the SFN timing of the target base
station 106b. In certain aspects, the UE 102 may read the MIB during the handover
procedure (e.g., after receiving the handover command from the source base station
106). In certain aspects, the UE 102 may read the MIB of the target base station 106b
when reporting to the base station 106 (e.g., reporting to the source base station 106 that
a neighbor is better than the PCell, such as, during an A3 event), while communicating

with the source base station 106, to prevent taking extra time to read the MIB.



WO 2018/031931 PCT/US2017/046590

31

[0119] In certain aspects, the UE 102 may utilize a similar open loop power control
procedure as discussed with respect to FIG. 11 for transmitting the preamble to transmit
the handover complete message to the target base station 106b. For example, the UE
102 may start at a particular power level to attempt to transmit the handover complete
message at a first time period specified by the uplink grant. If the transmission is not
successful (e.g., a response, such as an acknowledgement is not received by the UE
from the target base station 106b), the UE 102 may increment the power level (e.g., by a
power offset, by a predefined power offset, etc.) used to transmit the handover complete
message and retransmit the handover complete message at the higher power level, and
continue the process of incrementing and retransmitting until the handover complete

message is successfully transmitted and received.

[0120] In certain aspects, the source base station 106 or target base station 106b
can provide information to the UE 102 for power control to send the handover complete
message from the UE 102 to the target base station 106b. For example, source base
station 106 or target base station 106b may select a power offset for the UE 102 to use
and provide the information to the UE 102 (e.g., in the handover command). In certain
aspects, the source base station 106 or target base station 106b may utilize the UE
measurement report to select a power offset. For example, if the measurement report
indicates a lower signal strength between the target base station 106b and the UE 102, a
larger power offset may be selected. If the measurement report indicates a higher signal
strength between the target base station 106b and the UE 102, a smaller power offset
may be selected. The power offset may be used by the UE 102 in the open loop power
control procedure, or just as a single power offset to use to try and send the handover

complete message.

[0121] In certain aspects, instead of providing a SPS uplink grant to the UE 102,
the target base station 106b provides a dynamic uplink grant to the UE 102 for a
dynamic scheduling (DS) (e.g., on PUSCH). In DS, the UE may be scheduled/assigned

resources in one or more subframes of a UL channel (e.g., PUSCH).

[0122] In certain aspects, to obtain the dynamic UL grant, the UE 102 may start
monitoring the PDCCH of the target base station 106b after receiving the handover
command from the source base station 106. In some aspects, that starting time for the

UE 102 to monitor the PDCCH may be configured by the target base station 106b. The
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target base station 106b may signal the starting time to the UE 102 (e.g., via the source
base station 106, such as, through the handover acknowledgment message and handover
command). In such aspects, the UE 102 may also need the SFN timing of the target
base station 106b, to interpret the starting timing received from the target base station
106b. In certain aspects, the UE 102 may obtain the SFN timing of the target base
station 106b using similar procedures as discussed with respect to the SPS UL grant. In
certain aspects, instead of the target base station 106b signaling a starting time to the UE
102, the target base station 106b may select a time to start sending grants based on an
approximate time (e.g., predefined) the UE 102 is expected to receive the handover

command and then begin monitoring the PDCCH.

[0123] In certain aspects, the UE 102 sends the handover complete message using
the resources assigned in the dynamic UL grant, and further monitors for additional
uplink grants if the handover complete message is not delivered successfully to the
target base station 106b. In certain aspects, the UE 102 may utilize a similar open loop
power control procedure for transmitting the handover complete message to the target
base station 106b utilizing the dynamic UL grant as the procedure discussed with
respect to FIG. 11 for transmitting the preamble and with respect to transmitting the
handover complete message to the target base station 106b utilizing the SPS UL grant.
For example, the UE 102 may start at a particular power level to attempt to transmit the
handover complete message on resources specified by a first dynamic uplink grant. If
the transmission is not successful (e.g., a response, such as an acknowledgement is not
received by the UE from the target base station 106b), the UE 102 may increment the
power level (e.g., by a power offset, by a predefined power offset, etc.) used to transmit
the handover complete message, monitor for another uplink grant, and retransmit the
handover complete message at the higher power level on resources specified by the
other dynamic uplink grant, and continue the process of incrementing and retransmitting

until the handover complete message is successfully transmitted and received.

[0124] In certain aspects, the source base station 106 or target base station 106b
can provide information to the UE 102 for power control to send the handover complete
message from the UE 102 to the target base station 106b. For example, source base
station 106 or target base station 106b may select a power offset for the UE 102 to use

and provide the information to the UE 102 (e.g., in the handover command). In certain
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aspects, the source base station 106 or target base station 106b may utilize the UE
measurement report to select a power offset. For example, if the measurement report
indicates a lower signal strength between the target base station 106b and the UE 102, a
larger power offset may be selected. If the measurement report indicates a higher signal
strength between the target base station 106b and the UE 102, a smaller power offset
may be selected. The power offset may be used by the UE 102 in the open loop power
control procedure, or just as a single power offset to use to try and send the handover

complete message.

[0125] In certain aspects, the target base station 106b may provide a transmit
power control (TPC) command to the UE 102 (e.g., in the dynamic UL grant) to
indicate the power offset from the previously used power setting of the UE 102. For
example, in certain aspects, the TPC command may include 2-bits that indicate a power
increase of up to 2dB by the UE 102 to try and transmit the handover complete
message. In some aspects, the TPC command may borrow bits from other fields in the
dynamic UL grant (e.g., the 1-bit of the A-CSI triggering information field, fields for
other control information, etc.) to indicate larger power increases (e.g., 7 dB). In some
aspects, the target base station 106b may send dynamic UL grants frequently (e.g., back-
to-back) in order to increase transmit power of the UE 102 more quickly. In certain
aspects, the dynamic UL grants may include an indicator of whether the UE 102 should
send data in the resources defined by the dynamic UL grant or not. For example, base
station 106b may be sending multiple dynamic UL grants to increase the transmission
power of the UE 102, and only indicate to send data in the resources defined by the last
dynamic UL grant. In certain aspects, the UE 102 may not send a handover complete

message if a grant is smaller than needed (e.g., no RLC segmentation is allowed).

[0126] FIG. 13 illustrates example operations 1300 for performing handover that
may be performed by a target base station, in accordance with certain aspects of the

present disclosure.

[0127] At 1302, the target base station receives a handover request from a source
base station for handover of communication of a user equipment from the source base
station to the target base station. At 1304, the target base station generates a semi-

persistent scheduling uplink grant for the user equipment to transmit a handover
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complete message based on receiving the handover request. At 1306, the target base

station communicates the grant to the user equipment (e.g., via the source base station).

[0128] FIG. 14 illustrates example operations 1400 for performing handover that
may be performed by a user equipment, in accordance with certain aspects of the

present disclosure.

[0129] At 1402, the user equipment receives, from a source base station, a semi-
persistent scheduling uplink grant for the user equipment to transmit a handover
complete message to a target base station for handover of communication of the user
equipment from the source base station to the target base station. At 1404, the user
equipment transmits the handover complete message (e.g., to the target base station)

based on the grant.

[0130] FIG. 15 illustrates example operations 1500 for performing handover that
may be performed by a target base station, in accordance with certain aspects of the

present disclosure.

[0131] At 1502, the target base station receives a handover request from a source
base station for handover of communication of a user equipment from the source base
station to the target base station. At 1504, the target base station generates a dynamic
uplink grant for the user equipment to transmit a handover complete message based on
receiving the handover request. At 1506, the target base station transmits the grant to

the user equipment (e.g., directly).

[0132] FIG. 16 illustrates example operations 1600 for performing handover that
may be performed by a user equipment, in accordance with certain aspects of the

present disclosure.

[0133] At 1602, the user equipment receives, from a target base station, a dynamic
uplink grant for the user equipment to transmit a handover complete message to the
target base station for handover of communication of the user equipment from the
source base station to the target base station. At 1604, the user equipment transmits the

handover complete message based on the grant.
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EXAMPLE LOW LATENCY HANDOVER

[0134] To perform handover from a source base station to a target base station, a UE
may perform a random access channel (RACH) procedure at the target base station. By
performing the RACH procedure at the target base station, the UE can determine uplink
timing and receive an uplink grant from the target base station for use in transmitting an

indication that handover has been completed.

[0135] Various techniques have been proposed for reducing handover latency in
wireless networks. Some techniques may include performing handover from a source
base station (or base station) to a target base station without the UE performing a
random access channel (RACH) procedure. In a “RACH-less” handover, the timing
offset for uplink synchronization may be calculated by the target base station or the UE,
and the UE may obtain and use a grant of uplink resources for the transmission of a

handover command, as discussed herein.

[0136] FIG. 17 illustrates example operations that may be performed by a user
equipment to obtain uplink resources for transmission of a handover command, in
accordance with certain aspects of the present disclosure. As illustrated, operations
1700 start at 1702, where a UE receives signaling indicating at least a grant of uplink
resources for uplink transmissions to a target base station. As discussed in further detail
herein, the signaling may be received from the target base station (e.g., as a dynamic
grant of uplink resources via signaling on the physical downlink control channel
(PDCCH)) or the source base station (e.g., in radio resource configuration (RRC)

signaling from the source base station).

[0137] At 1704, the UE transmits, to the target base station, an indication that
handover from a source base station to the target base station is complete. The
indication may be transmitted to the target base station using the granted uplink
resources (e.g., the resources indicated in PDCCH signaling from a target base station or

in RRC signaling from the source base station).

[0138] FIG. 18 illustrates example operations that may be performed by an base
station to signal a grant of uplink resources to a UE for transmission of a handover
command, in accordance with certain aspects of the present disclosure. As illustrated,

operations 1800 start at 1802, where an base station transmits, to a UE, signaling
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indicating at least a grant of uplink resources for uplink transmissions to a target base
station. At 1804, the base station receives, from the user equipment, an indication that
handover from a source base station to the target base station is complete. The

indication may be received from the UE on the granted uplink resources.

[0139] To obtain a grant of uplink resources for transmission of a handover
command in a RACH-less handover procedure, a UE may receive signaling from a
target base station indicating the granted resources. Signaling received from the target
base station indicating the granted resources may include, for example, a periodic grant
of uplink resources for a specific duration. The duration during which the grant of
uplink resources is valid may be, for example, identified as a number of grant occasions,
which may be signaled with the grant, or an amount of time (e.g., in milliseconds) that
the grant is valid. In some cases, the grant of uplink resources may indicate a
periodicity and timing offset for uplink transmissions on the granted uplink resources
which may be chosen, for example, such that the grant occasions are consistent across a
plurality of frames. In some cases, the UE may use the signaled uplink grant until the
UE successfully transmits a handover complete message (e.g., an RRC Reconfiguration
Complete message) to the target base station. After the UE transmits the handover
complete message, the UE may release the granted uplink resources. In some cases, the
UE may use the granted uplink resources until the UE receives a grant cancellation
message from the target base station. The grant cancellation message may be received,
for example, via physical layer (PHY) signaling (e.g., signaling carried on the PDCCH),
media access control layer (MAC) signaling (e.g., signaling in a MAC Control
Element), or upper layer signaling (e.g., RRC signaling).

[0140] FIG. 19 is a call flow diagram 1900 illustrating an example of messages that
may be exchanged between a UE and a target base station for obtaining uplink resources
for transmission of a handover command, in accordance with certain aspects of the
present disclosure. As illustrated, a UE may receive a message 1902 from the target
base station including a grant of uplink resources. Message 1902 may be carried, for
example, on the physical downlink control channel (PDCCH). The UE may
synchronize uplink timing with the target base station, and after synchronization,
transmit a handover complete message 1904 to the target base station using the granted

uplink resources.
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[0141] In some cases, the UE may receive signaling from a source base station
indicating the grant of uplink resources for transmitting a handover complete message to
the target base station. The signaling from a source base station may be, for example, a
handover command in radio resource control (RRC) signaling and may be prompted by
a target base station. FIG. 20 is a call flow diagram 2000 illustrating an example of
messages that may be exchanged between a UE, a source base station, and a target base
station for obtaining uplink resources for transmission of a handover command, in
accordance with certain aspects of the present disclosure. As illustrated, a source base
station can transmit information about an uplink grant to the UE in message 2002.
Message 2002 may be carried via, for example, RRC signaling and may indicate the
uplink resources to be used by the UE to transmit a handover command to the target
base station. After the UE synchronizes uplink timing with the target base station, the
UE may transmit a handover complete message 2004 to the target base station using the

granted uplink resources indicated in the signaling from the source base station.

[0142] In some cases, the information about the grant of uplink resources may
include information configuring the UE for sounding reference signal (SRS)
transmission to the target base station. The SRS configuration may indicate periodic
SRS transmission, and the target base station may select an SRS periodicity and
subframe offset such that the UE can determine when to transmit SRS without

knowledge of a subframe number at the target base station.

[0143] In some cases, the SRS configuration may indicate transmission of aperiodic
SRS. To indicate transmission of an aperiodic SRS, the base station can include an SRS
request in an RRC configuration message. The UE may transmit an SRS to the target
base station upon completion of radio resource control (RRC) reconfiguration. In some
cases, the UE may repeat transmission of the SRS with a handover complete message at
the periodic grant occasions indicated in the uplink grant information, as discussed
above. An SRS configuration for transmission of aperiodic SRS may include an
indication of a number of SRS transmissions. In some cases, SRS transmission may be
performed at a time offset from an uplink grant occasion indicated in the information
about the grant of uplink resources. In some cases, the UE may monitor transmissions
on PDCCH from the target base station for an SRS trigger before performing an initial

transmission on the uplink resources.
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[0144] In some cases, the information about the grant of uplink resources may
include information about transmission power for transmitting, e.g., a handover
complete message on the granted uplink resources. The transmission power information
may include, for example, transmit power control information (e.g., power control
adjustments) or other power information that the UE can use to adjust the amount of

power used in performing uplink transmissions on the granted resources.

[0145] To reduce handover latency, a UE may perform a RACH procedure with
compressed timing relative to a legacy RACH procedure. After a UE transmits a RACH
preamble to the target base station at subframe #, the UE may receive a RACH response
at subframe n+j, where ; is less than a number of subframes after which the RACH
response is expected to be received in a legacy RACH procedure (e.g., where j is less
than 3). The UE may monitor for a RACH response after subframe n+j-1. After the UE
receives the RACH response, the UE may transmit a connection request message (e.g.
RACH msg3) to the target base station at subframe »n+j+k, where £ is less than a number
of subframes after which the connection request message is transmitted in response to

receiving the RACN response in a legacy RACH procedure (e.g., where £ is less than 6).

[0146] FIG. 21 illustrates example operations that may be performed by a UE to
perform a RACH procedure with compressed timing relative to a legacy RACH
procedure, in accordance with certain aspects of the present disclosure. As illustrated,
operations 2100 begin at 2102, where a UE transmits, to a target base station, a random
access channel (RACH) preamble. At 2104, the UE receives, from the target base
station, a RACH response. The RACH response is generally received after a time
period shorter than a gap between transmission of the RACH preamble and receiving
the RACH response in a legacy RACH procedure. At 2106, in response to receiving the
RACH response, the UE transmits a connection request to the target base station. The
connection request is generally transmitted after a time period shorter than a gap
between receiving the RACH response and transmitting the connection request in the

legacy RACH procedure.

[0147] FIG. 22 illustrates example operations that may be performed by a base
station to perform a RACH procedure with compressed timing relative to a legacy
RACH procedure, in accordance with certain aspects of the present disclosure. As

illustrated, operations 2200 begin at 2202, where a target base station receives, from a
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UE, a random access channel (RACH) preamble. At 2204, the target base station
transmits, to the UE, a RACH response. The RACH response is generally transmitted
after a time period shorter than a gap between reception of the RACH preamble and
transmitting the RACH response in a legacy RACH procedure. At 2206, in response to
transmitting the RACH response, the target base station receives a connection request
from the UE. The connection request is generally received after a time period shorter
than a gap between transmitting the RACH response and receiving the connection

request in the legacy RACH procedure.

[0148] It is understood that the specific order or hierarchy of steps in the processes
disclosed is an illustration of exemplary approaches. Based upon design preferences, it
is understood that the specific order or hierarchy of steps in the processes may be
rearranged. Further, some steps may be combined or omitted. The accompanying
method claims present elements of the various steps in a sample order, and are not

meant to be limited to the specific order or hierarchy presented.

[0149] Moreover, the term “or” is intended to mean an inclusive “or” rather than an
exclusive “or.” That is, unless specified otherwise, or clear from the context, the phrase,
for example, “X employs A or B” is intended to mean any of the natural inclusive
permutations. That is, for example the phrase “X employs A or B” is satisfied by any of
the following instances: X employs A; X employs B; or X employs both A and B. In
addition, the articles “a” and “an™ as used in this application and the appended claims
should generally be construed to mean “one or more” unless specified otherwise or clear
from the context to be directed to a singular form. A phrase referring to “at least one of”
a list of items refers to any combination of those items, including single members. As an
example, “at least one of: a, b, or ¢” is intended to cover: a, b, ¢, a-b, a-c, b-c, and
a-b-c, as well as any combination with multiples of the same element (e.g., a-a, a-a-a, a-
a-b, a-a-c, a-b-b, a-c-c, b-b, b-b-b, b-b-c, c-c, and c-c-c or any other ordering of a, b,

and c).

[0150] The previous description is provided to enable any person skilled in the art
to practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited

to the aspects shown herein, but is to be accorded the full scope consistent with the
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language claims, wherein reference to an element in the singular is not intended to mean
“one and only one” unless specifically so stated, but rather “one or more.” Unless
specifically stated otherwise, the term “some™ refers to one or more. All structural and
functional equivalents to the elements of the various aspects described throughout this
disclosure that are known or later come to be known to those of ordinary skill in the art
are expressly incorporated herein by reference and are intended to be encompassed by
the claims. Moreover, nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims. No claim
element is to be construed as a means plus function unless the element is expressly

recited using the phrase “means for.”



WO 2018/031931 PCT/US2017/046590

41

CLAIMS

1. A method of wireless communication by a target base station, the method
comprising:

receiving a handover request from a source base station for handover of
communication of a user equipment from the source base station to the target base
station;

generating an uplink grant for the user equipment to transmit a handover
complete message based on receiving the handover request; and

communicating the grant to the user equipment.

2. The method of claim 1, wherein communicating the grant to the user equipment
comprises transmitting the grant to the source base station, which transmits the grant to

the user equipment.

3. The method of claim 2, wherein transmitting the grant to the source base station
comprises sending a radio resource control container including a radio resource control

connection reconfiguration message to the source base station.

4. The method of claim 1, further comprising communicating a starting time for the
grant to the user equipment with respect to a timing offset between the target base

station and the source base station.

5. The method of claim 4, wherein the starting time comprises a system frame

number of the target base station and a subframe number.

6. The method of claim 1, further comprising determining of a time offset between
the target base station and the source base station; and providing the time offset to the

user equipment.

7. The method of claim 1, further comprising receiving the handover complete
message from the user equipment and cancelling the grant based on receiving the

handover complete message.
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8. The method of claim 1, wherein communicating the grant to the user equipment
comprises transmitting, to the user equipment, signaling indicating a grant of uplink
resources for the target base station, and wherein the method further comprises
receiving, from the user equipment, an indication that handover from the source base

station to the target base station is complete using the granted uplink resources.

9. The method of claim 8, wherein the grant of uplink resources is transmitted from

the target base station on a physical downlink control channel (PDCCH).

10. The method of claim 8, wherein communicating the grant to the user equipment
comprises prompting, by the target base station, the source base station to transmit the

grant of uplink resources.

11. The method of claim 10, wherein the grant is transmitted via radio resource

control (RRC) signaling.

12. The method of claim 8, wherein the grant of uplink resources includes an
indication of a periodicity and timing offset for uplink transmissions on the granted

resources.

13. The method of claim 12, wherein the periodicity and timing offset for uplink
transmissions on the granted uplink resources comprises a plurality of grant occasions

that are consistent across a plurality of frames.

14. The method of claim 8, wherein the signaling indicating a grant of uplink
resources further comprises signaling indicating transmission power for uplink

transmissions on the granted uplink resources.

15. The method of claim 1, further comprising selecting one or more resources of an
uplink channel and a modulation and coding scheme for the user equipment to transmit
the handover complete message, wherein the grant comprises an indication of the one or

more resources of the uplink channel and the modulation and coding scheme.
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16. The method of claim 15, wherein selecting the one or more resources and the
modulation and coding scheme is based on measurements made by the user equipment

provided in the handover request.

17. The method of claim 1, further comprising selecting a periodicity for the grant
based on a type of the user equipment or a number of active bearers of the user

equipment.

18. The method of claim 1, further comprising selecting a periodicity for the grant

based on available resources of the target base station.

19. The method of claim 1, further comprising selecting a periodicity for the grant

based on latency requirements of bearers of the user equipment.

20. The method of claim 1, further comprising communicating a power offset for

transmitting the handover complete message to the user equipment.

21. The method of claim 1, wherein the grant is for a physical uplink shared

channel.

22. The method of claim 1, wherein the uplink grant comprises a semi-persistent

scheduling uplink grant.

23. The method of claim 1, wherein the uplink grant comprises a dynamic uplink

grant.

24, A method of wireless communication by a user equipment, the method
comprising:

receiving, from a base station, an uplink grant for the user equipment to transmit
a handover complete message to a target base station for handover of communication of
the user equipment from a source base station to the target base station; and

transmitting the handover complete message based on the grant.
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25. The method of claim 24, wherein the uplink grant is received from the source

base station.

26. The method of claim 25, wherein the uplink grant is received via radio resource

control (RRC) signaling.

27. The method of claim 24, wherein the uplink grant includes an indication of a
periodicity and timing offset for uplink transmissions on granted uplink resources

indicated in the uplink grant.

28. The method of claim 27, wherein the periodicity and timing offset for uplink
transmissions on the granted uplink resources comprises a plurality of grant occasions

that are consistent across a plurality of frames.

29. The method of claim 27, wherein the periodicity is based on a bearer type of the

granted uplink resources.

30.  The method of claim 24, further comprising reading a master information block
broadcast by the target base station; and determining a timing of the target base station

based on the master information block.

31.  The method of claim 30, wherein reading the master information block
comprises reading the master information block while communicating with the source

base station.

32. The method of claim 24, further comprising receiving a time offset between the

target base station and the source base station.

33. The method of claim 24, further comprising receiving a starting time for the
grant to the user equipment with respect to a timing offset between the target base

station and the source base station.

34, The method of claim 33, wherein the starting time comprises a system frame

number of the target base station and a subframe number.
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35. The method of claim 24, wherein the uplink grant comprises a semi-persistent

scheduling uplink grant.

36.  The method of claim 24, wherein the uplink grant comprises a dynamic uplink

grant.

37. The method of claim 24, wherein the uplink grant is received from the target

base station on a physical downlink control channel.

38. The method of claim 24, wherein the grant comprises one or more resources of

an uplink channel and a modulation and coding scheme.

39. The method of claim 38, wherein the one or more resources and the modulation

and coding scheme are based on measurements made by the user equipment.

40. The method of claim 24, further comprising receiving a power offset for

transmitting the handover complete message.

41. The method of claim 40, further comprising applying the power offset to a
power calculated via an open loop power control procedure performed by the user

equipment.

42. The method of claim 24, wherein the grant is for a physical uplink shared

channel.

43. The method of claim 24, wherein the handover complete message is transmitted

using granted uplink resources indicated in the uplink grant.

44. The method of claim 24, wherein the uplink grant comprises signaling indicating

transmission power for uplink transmissions using granted uplink resources.

45, A target base station comprising;

a memory; and
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a processor configured to:

receive a handover request from a source base station for handover of
communication of a user equipment from the source base station to the target
base station;

generate an uplink grant for the user equipment to transmit a handover
complete message based on receiving the handover request; and

communicate the grant to the user equipment.

46. The target base station of claim 45, wherein the processor is configured to
communicate the grant to the user equipment by transmitting the grant to the source

base station, which transmits the grant to the user equipment.

47. The target base station of claim 46, wherein transmitting the grant to the source
base station comprises sending a radio resource control container including a radio

resource control connection reconfiguration message to the source base station.

48. The target base station of claim 45, wherein the processor is further configured
to communicate a starting time for the grant to the user equipment with respect to a

timing offset between the target base station and the source base station.

49, The target base station of claim 48, wherein the starting time comprises a system

frame number of the target base station and a subframe number.

50. The target base station of claim 45, wherein the processor is further configured
to determine of a time offset between the target base station and the source base station;

and provide the time offset to the user equipment.

51. The target base station of claim 45, wherein the processor is further configured
to receive the handover complete message from the user equipment and cancel the grant

based on receiving the handover complete message.

52. The target base station of claim 45, wherein the processor is configured to
communicate the grant to the user equipment by transmitting, to the user equipment,

signaling indicating a grant of uplink resources to the target base station, and wherein
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the processor is further configured to receive, from the user equipment, an indication
that handover from the source base station to the target base station is complete using

the granted uplink resources.

53. The target base station of claim 52, wherein the grant of uplink resources is
transmitted from the target base station on a physical downlink control channel
(PDCCH).

54, The target base station of claim 52, wherein the processor is configured to
communicate the grant to the user equipment by prompting, by the target base station,

the source base station to transmit the grant of uplink resources.

55.  The target base station of claim 54, wherein the grant is transmitted via radio

resource control (RRC) signaling.

56. The target base station of claim 52, wherein the grant of uplink resources
includes an indication of a periodicity and timing offset for uplink transmissions on the

granted resources.

57.  The target base station of claim 56, wherein the periodicity and timing offset for
uplink transmissions on the granted uplink resources comprises a plurality of grant

occasions that are consistent across a plurality of frames.

58.  The target base station of claim 52, wherein the signaling indicating the grant of
uplink resources further comprises signaling indicating transmission power for uplink

transmissions using the granted uplink resources.

59. The target base station of claim 45, wherein the processor is further configured
to select one or more resources of an uplink channel and a modulation and coding
scheme for the user equipment to transmit the handover complete message, and wherein
the grant comprises the one or more resources of the uplink channel and the modulation

and coding scheme.
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60. The target base station of claim 59, wherein the processor is configured to select
the one or more resources and the modulation and coding scheme based on

measurements made by the user equipment provided in the handover request.

61. The target base station of claim 45, wherein the processor is further configured
to select a periodicity for the grant based on a type of the user equipment or a number of

active bearers of the user equipment.

62. The target base station of claim 45, wherein the processor is further configured
to select a periodicity for the grant based on available resources of the target base

station.

63.  The target base station of claim 45, wherein the processor is further configured
to select a periodicity for the grant based on latency requirements of bearers of the user

equipment.

64, The target base station of claim 45, wherein the processor is further configured
to communicate a power offset for transmitting the handover complete message to the

user equipment.

65.  The target base station of claim 45, wherein the grant is for a physical uplink

shared channel.

66.  The target base station of claim 45, wherein the uplink grant comprises a semi-

persistent scheduling uplink grant.

67. The target base station of claim 45, wherein the uplink grant comprises a

dynamic uplink grant.

68. A user equipment comprising;
a memory; and
a processor configured to:
receive, from a base station, an uplink grant for the user equipment to

transmit a handover complete message to a target base station for handover of
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communication of the user equipment from a source base station to the target
base station; and

transmit the handover complete message based on the grant.

69. The user equipment of claim 68, wherein the uplink grant is received from the

source base station.

70. The user equipment of claim 69, wherein the uplink grant is received via radio

resource control (RRC) signaling.

71. The user equipment of claim 68, wherein the uplink grant includes an indication
of a periodicity and timing offset for uplink transmissions on granted uplink resources

indicated in the uplink grant.

72. The user equipment of claim 71, wherein the periodicity and timing offset for
uplink transmissions on the granted uplink resources comprises a plurality of grant

occasions that are consistent across a plurality of frames.

73. The user equipment of claim 71, wherein the periodicity is based on a bearer

type of the granted uplink resources.

74. The user equipment of claim 68, wherein the processor is further configured to
read a master information block broadcast by the target base station; and determine a

timing of the target base station based on the master information block.

75. The user equipment of claim 74, wherein the processor is configured to read the
master information block by reading the master information block while communicating

with the source base station.

76. The user equipment of claim 68, wherein the processor is further configured to

receive a time offset between the target base station and the source base station.
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77. The user equipment of claim 68, wherein the processor is further configured to
receive a starting time for the grant to the user equipment with respect to a timing offset

between the target base station and the source base station.

78. The user equipment of claim 77, wherein the starting time comprises a system

frame number of the target base station and a subframe number.

79. The user equipment of claim 68, wherein the uplink grant comprises a semi-

persistent scheduling uplink grant.

80. The user equipment of claim 68, wherein the uplink grant comprises a dynamic
uplink grant.
81. The user equipment of claim 68, wherein the uplink grant is received from the

target base station on a physical downlink control channel.

82. The user equipment of claim 68, wherein the grant comprises one or more

resources of an uplink channel and a modulation and coding scheme.

83.  The user equipment of claim 82, wherein the one or more resources and the

modulation and coding scheme are based on measurements made by the user equipment.

84. The user equipment of claim 68, wherein the processor is further configured to

receive a power offset for transmitting the handover complete message.

85. The user equipment of claim 84, wherein the processor is further configured to
apply the power offset to a power calculated via an open loop power control procedure

performed by the user equipment.

86. The user equipment of claim 68, wherein the grant is for a physical uplink

shared channel.

87. The user equipment of claim 68, wherein the handover complete message is

transmitted using granted uplink resources indicated in the uplink grant.
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88. The user equipment of claim 68, wherein the uplink grant coraprises signaling

indicating transmission power for uplink transmissions using granted uplink resources.

89, A target base station comprising:

means for receiving a handover request from a source base station for handover
of communication of a user equipment from the source base station to the target base
station;

means for generating an uplink grant for the user equipment o transmit a
handover complete message based on recetving the handover request; and

comrmunicating the grant to the user equipment.

90 A user equipment comprising:

means for receiving, from a base station, an uplink grant for the user equipment
to transmit a handover complete message t¢ a target base station for handover of
communication of the user equipment from the source base station to the target base
station: and

means for transmitting the handover complete message based on the grant.

91, A computer readable medium having instructions stored thercon for causing at
least one processor in a target basc station to perform a method, the method comprising:
receiving a handover request from a source base station for handover of
communication of a user equipment from the source base station to the target base
station;

generating a semi-persistent scheduling uplink grant for the user equipment to
transmit a handover complete message based on receiving the handover request; and

communicating the grant to the user equipment.

92. A computer readable medium having instructions stored thereon for causing at
least one processor in a user equipment to perform & method, the method comprising:

receiving, from a source base station, a semi-persistent scheduling uplink grant
for the user equipment to transmit a handover complete message to a target base station
for handover of compmnication of the user equipment from the source base station ©
the target base station; and

gansmitting the handover complete message based on the grant.

RECTIFIED SHEET (RULE 91) ISA/EP



PCT/US2017/046590

1/20

WO 2018/031931

[ "DId
U et
\\\\\\lll lllllllll /’ \
o 0dd oo /! A
’ / SHOPON? \
.\ BYPO ,__
SOOIAIOG Kemayen Kemajen { \
d1 s JorerddQ NAd 3uIAIS “. 301~ H \
|
I
. _ ;
- " 811~/ o11- ' SoONS ! wawdmbyg
| _, G9PON Ale., 150
\
\ [
STININ 901~ / co1-
/
pyo [T W N NVYLO-E L/
. b1 2 P o1
SSH 001
WI)SAG
1908 J PIA[OA
) Aoed PaA[OA]



WO 2018/031931

200

202~

U —

206

202~

208

204
)5)

210

2/20

PCT/US2017/046590

202




PCT/US2017/046590

WO 2018/031931

c0¢

¢ DIA

3/20

r0€ —

1+

Io11IBOQNS

T

€ oweIyqns >
] |
] |
<€ [ 1018 >< 01018 >
] |
“ [0quiAs A0 “
1/“ m,,, “
S ey S
\
11 / EN ay \
ol / \
= — / <«———duweyqns——»
6 RN R W\ \
S RN /
w \
\
s .,/.f /
L N \
o o /
9 | \
— — /
. \ WH,,, NH,? /
i |
o o A1 > Et
¢ d d d .
Y Y \\ II “ .
(4 S R e e
1 & > N
S S / N _.
/ II
0 | /
4 ols|clols|v]clzft]|o
S o 01lo9 ¢
< sw o[ >

00¢€



PCT/US2017/046590

4/20

WO 2018/031931

v "DId

Qg [+1oweyqng 1 dweljqng
-—F} $ —
uondg (uoneUIOJU] [0JIUO)))
: 20[{ 92IN0SI 20[{ 92IN0SI 20[g 90IN0Sd
[onu0)) o1 d Po1d d HOONd A201d A
\\
: : qQ01v : :
(uopeuLIozu] 013107 20[{ 92IN0SAY 20]¢ 0IN0SAY 20[g 90IN0SY
%® ©1eQ) HOSNd ol ol ol
\.\ -
uonoeg qocy : : HOVdd HOVdd
“H“Q [ [ [ [
: : : : 0st
J0[d 92IN0SaY (nogeutiouy OO HOVdd HOVdd
o »® wed) HOSNd
\\
: Y4 : N00[g 99IN0SAY JNo0[g 22IN0SAY
uondg (uoneUIOJU] [0JIUO)))
20[{ 92IN0SI 20[{ 92IN0SI 20[g 90IN0Sd
[01u0)) A201d kil A201d kil A201d A HO0Nd
\\
: : : BOIY :
« e—— 0[S STy > 101§ Yo1 > 10[S STY > WIS YT —»
00¥ ' dwrelyqns auQ >ia dwelqns duQ >

baig



WO 2018/031931

500

L3

5/20

<¢—=Control-plane >

PCT/US2017/046590

508 ™

L2

User-plane——»

L1

516
RRC 4
[} ‘
v Radio Bearers 514
PDCP
Y
y ~512
RLC
[}
v Logical Channels 510
MAC
Y
v Transport Channels 506
Physical Layer

FIG. 5



PCT/US2017/046590

6/20

WO 2018/031931

9 DIA
[eusIS
- 2ouespy
£1owopy 90IN0S 10s$9001J » XL XY » 10559001 ]
BlR( XL T X XL AJA|V Xd KIOWIN
000 1 | “roo 1 890 Npso 819~ 0,9~ P~
9L9
Y v y y y
J0SS001] Jorewnsy cs9 029 Joyewnsy JOSS9201J
/Id[[0N1U0)) [puuey) [puueyn) [AS]ONUO)) |«
° ° )
659 ¥ AN . . p19- \s19
y y BYR(/[01IUO)
quIs Jossaoid [ P XL Xd 10S$9201d
2l X4 e XY XL [« XL =
moo\ omo\ vmo\ ,/wE oEK TeusiS
\ / Q0UIRJY
A mmo\ omo\
059 R~
019



WO 2018/031931 PCT/US2017/046590
7/20
700\\
704
NG-CN
5G C-plane 5G-GW
706 710
5G AN NG-AN
[
/702
ANC
F1-C  F1-U F1-C  F1-U F1-C  F1-U
/708
TRP TRP TRP
\ J

FIG. 7



WO 2018/031931 PCT/US2017/046590

8/20

800

802 MR-CN

C-CU

5G C-plane 5G-GW

\/&/‘
MR-AN
——

T 5G AN
C-RU
DU DU DU
(o))
\/
\_ J

FIG. 8



WO 2018/031931

900

\\

PDCCH

DL Data

] Common
=4 UL Burst

1000

PDCCH

UL Data

—] Common
2] UL Burst

PCT/US2017/046590
9/20
902 904 Ve :906
%
%
%
FIG. 9
1002 1004 1006

AN

FIG. 10



WO 2018/031931

FIG. 11

PCT/US2017/046590
10/20
/106 Ve 106b
UE Target eNB
1105
Preamble 0
[ J
o
®
1105
Preamble ey
1110
< Response 1115
1120
Handover Complete e




WO 2018/031931 PCT/US2017/046590

11/20
T
-—
- > — > — — > — >
M N

FIG. 12



WO 2018/031931 PCT/US2017/046590

12/20

1300

f1302

RECEIVE HANDOVER REQUEST AND
TARGET BASE STATION

l f1304

GENERATE SEMI-PERSISTENT
SCHEDULING UPLINK GRANT FOR USER
EQUIPMENT TO TRANSMIT HANDOVER

COMPLETE MESSAGE

l /1306

COMMUNICATE GRANT TO
THE USER EQUIPMENT

FIG. 13



WO 2018/031931 PCT/US2017/046590

13/20

1400

Ve 1402

RECEIVE A SEMI-PERSISTENT
SCHEDULING UPLINK GRANT FOR USER
EQUIPMENT TO TRANSMIT HANDOVER

COMPLETE MESSAGE

1404

TRANSMIT HANDOVER COMPLETE
MESSAGE BASED ON GRANT

FIG. 14



WO 2018/031931

PCT/US2017/046590

14/20

1500

Ve 1502

RECEIVE HANDOVER REQUEST AND
TARGET BASE STATION

l Ve 1504

GENERATE DYNAMIC UPLINK GRANT
FOR USER EQUIPMENT TO TRANSMIT
HANDOVER COMPLETE MESSAGE

l Ve 1506

TRANSMIT GRANT TO
THE USER EQUIPMENT

FIG. 15



WO 2018/031931 PCT/US2017/046590

15/20

1600

Vs 1602

RECEIVE A DYNAMIC UPLINK GRANT
FOR USER EQUIPMENT TO TRANSMIT
HANDOVER COMPLETE MESSAGE

l Vs 1604

TRANSMIT HANDOVER COMPLETE
MESSAGE BASED ON GRANT

FIG. 16



WO 2018/031931 PCT/US2017/046590

16/20

1700

/1702

RECEIVE SIGNALING INDICATING AT LEAST A GRANT
OF UPLINK RESOURCES FOR UPLINK TRANSMISSIONS

TO A TARGET BASE STATION

/1704

TRANSMIT, TO THE TARGET BASE STATION, AN
INDICATION THAT HANDOVER FROM A SOURCE
ENODEB TO THE TARGET BASE STATION IS

COMPLETE USING THE GRANTED UPLINK RESOURCES

FIG. 17



WO 2018/031931 PCT/US2017/046590

17/20

1800

/1802

TRANSMIT, TO A USER EQUIPMENT, SIGNALING
INDICATING AT LEAST A GRANT OF UPLINK RESOURCES

FOR UPLINK TRANSMISSIONS TO A TARGET BASE STATION

/1804

RECEIVE, FROM THE USER EQUIPMENT, AN INDICATION
THAT HANDOVER FROM A SOURCE BASE STATION TO THE
TARGET BASE STATION IS COMPLETE USING THE

GRANTED UPLINK RESOURCES

FIG. 18



WO 2018/031931 PCT/US2017/046590

18/20

1900

TARGET
BS

/ 1902
UPLINK GRANT VIA
PDCCH

Vs 1904

HANDOVER COMPLETE
VIA GRANTED UPLINK
RESOURCES

>

FIG. 19

2000

SOURCE TARGET
BS BS

/f2002

UPLINK GRANT VIA
RRC SIGNALING /2004

HANDOVER COMPLETE
VIA GRANTED UPLINK
RESOURCES

>

FIG. 20



WO 2018/031931 PCT/US2017/046590

19/20

2100

/2102

TRANSMIT, TO A TARGET ENODEB, A RANDOM ACCESS
CHANNEL (RACH) PREAMBLE

/2104

RECEIVE, FROM THE TARGET ENODEB, A RACH RESPONSE,
WHEREIN THE RACH RESPONSE IS RECEIVED AFTER A TIME
PERIOD SHORTER THAN A GAP BETWEEN TRANSMISSION
OF THE RACH PREAMBLE AND RECEIVING THE RACH

RESPONSE IN A LEGACY RACH PROCEDURE

/2106

IN RESPONSE TO RECEIVING THE RACH RESPONSE,
TRANSMITTING A CONNECTION REQUEST TO THE TARGET
ENODEB, WHEREIN THE CONNECTION REQUEST IS
TRANSMITTED AFTER A TIME PERIOD SHORTER THAN A
GAP BETWEEN RECEIVING THE RACH RESPONSE AND
TRANSMITTING THE CONNECTION REQUEST IN THE

LEGACY RACH PROCEDURE

FIG. 21



WO 2018/031931 PCT/US2017/046590

20/20

2200

\\

f2202

RECEIVE, FROM A USER EQUIPMENT (UE), A RANDOM
ACCESS CHANNEL (RACH) PREAMBLE

f2204

TRANSMIT, TO THE UE, A RACH RESPONSE, WHEREIN THE
RACH RESPONSE IS TRANSMITTED AFTER A TIME PERIOD
SHORTER THAN A GAP BETWEEN RECEPTION OF THE RACH
PREAMBLE AND TRANSMITTING THE RACH RESPONSE IN A

LEGACY RACH PROCEDURE

f2206

IN RESPONSE TO TRANSMITTING THE RACH RESPONSE,
RECEIVING A CONNECTION REQUEST FROM THE UE,
WHEREIN THE CONNECTION REQUEST IS RECEIVED AFTER
A TIME PERIOD SHORTER THAN A GAP BETWEEN
TRANSMITTING THE RACH RESPONSE AND RECEIVING THE

CONNECTION REQUEST IN THE LEGACY RACH PROCEDURE

FIG. 22



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/046590

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W36/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X CATT:

; FRANCE,

[retrieved on 2009-08-18]
paragraph 2.4.2;
figure 5

figure 2
figure 6

"Impact of CoMP on Control Plane",
3GPP DRAFT; R2-094330, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX

no. Shenzhen, China; 20090818,
18 August 2009 (2009-08-18), XP050352569,

A CN 101 998 553 A (DATANG MOBILE COMM EQUIP
C0) 30 March 2011 (2011-03-30)
paragraph [0004] - paragraph [0016];

paragraph [0168] - paragraph [0178];

1-92

1-92

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 October 2017

Date of mailing of the international search report

07/11/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Grimaldo, Michele

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/046590

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2013/009054 A2 (LG ELECTRONICS INC
[KR]; SON HYUKMIN [KR]; LEE HYUNWOO [KR];
CHOI HYEY) 17 January 2013 (2013-01-17)
page 3, line 1 - Tine 13

page 26, line 3 - page 29, line 14; figure
7

page 45, line 5 - line 17

WO 2015/127987 Al (NOKIA SOLUTIONS &
NETWORKS 0OY [FI])

3 September 2015 (2015-09-03)

paragraph [0004] - paragraph [0053]
paragraph [0070] - paragraph [0077];
figures 1,2

WO 2016/031779 Al (NTT DOCOMO INC [JP])

3 March 2016 (2016-03-03)

abstract

& US 20167381611 Al (UCHINO TOORU [JP] ET
AL) 29 December 2016 (2016-12-29)
paragraph [0003] - paragraph [0004];
figure 1

paragraph [0028]; figure 2

paragraph [0062] - paragraph [0070];
figure 7

US 2007,/047493 Al (PARK SUNG JUN [KR] ET
AL) 1 March 2007 (2007-03-01)

paragraph [0045] - paragraph [0053];
figure 9

1-92

1-92

1-92

1-92

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/046590
Patent document Publication Patent family Publication

cited in search report date member(s) date

CN 101998553 A 30-03-2011  NONE

WO 2013009054 A2 17-01-2013 US 2014140323 Al 22-05-2014
WO 2013009054 A2 17-01-2013

WO 2015127987 Al 03-09-2015 US 2017041841 Al 09-02-2017
WO 2015127987 Al 03-09-2015

WO 2016031779 Al 03-03-2016  EP 3190827 Al 12-07-2017
JP W02016031779 Al 15-06-2017
US 2016381611 Al 29-12-2016
WO 2016031779 Al 03-03-2016

US 2007047493 Al 01-03-2007 BR PI0617469 A2 26-07-2011
BR PI0617783 A2 09-08-2011
CN 101292446 A 22-10-2008
CN 101297521 A 29-10-2008
CN 101300744 A 05-11-2008
CN 101300753 A 05-11-2008
CN 101300754 A 05-11-2008
CN 102256302 A 23-11-2011
JP 4677490 B2 27-04-2011
JP 4991038 B2 01-08-2012
JP 2009510887 A 12-03-2009
JP 2009513058 A 26-03-2009
TW 1325711 B 01-06-2010
TW 1326546 B 21-06-2010
TW 1342139 B 11-05-2011
TW 1354505 B 11-12-2011
US 2007047493 Al 01-03-2007
US 2010330998 Al 30-12-2010
US 2012302243 Al 29-11-2012
ZA 200802859 B 28-10-2009
ZA 200802861 B 28-10-2009
ZA 200803291 B 28-10-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - wo-search-report
	Page 75 - wo-search-report
	Page 76 - wo-search-report

