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Wireless communications systems and methods related to
random access and uplink (UL)-based mobility are pro-
vided. A first wireless communication device transmits a
first signal carrying a random access sequence and a data.
The first wireless communication device receives a second
signal from a second wireless communication device in
response to the first signal. For random access, the data in
the first signal includes at least one of an identifier of the first
wireless communication device or a connection request, and
the second signal includes at least one of timing advance
information or a contention resolution. For UL-based mobil-
ity, the data in the first signal includes at least an identifier
of the first wireless communication device, and the second
signal includes at least an acknowledgement for the first
signal or paging information associated with the first wire-
less communication device.
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UPLINK (UL) RANDOM ACCESS CHANNEL
(RACH) AND MOBILITY SIGNALS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to and the
benefit of the U.S. Provisional Patent Application No.
62/402,956, filed Sep. 30, 2016, which is hereby incorpo-
rated by reference in its entirety as if fully set forth below
and for all applicable purposes.

TECHNICAL FIELD

[0002] The technology discussed in this disclosure relates
generally to wireless communication systems, and more
particularly to uplink (UL) random access and UL-based
mobility for 5 Generation (5G) new radio (NR) networks.
Certain embodiments can enable and provide improved
communication techniques allowing communication
devices (e.g., user equipment devices or UEs) to reduce
random access latency for initial network access and UL-
based mobility procedures.

INTRODUCTION

[0003] Wireless communication systems are widely
deployed to provide various types of communications such
as voice, data, video, etc. These systems may be multiple-
access systems capable of supporting communication with
multiple access terminals by sharing 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, 3GPP Long Term Evolution (LTE) sys-
tems, and orthogonal frequency division multiple access
(OFDMA) systems.

[0004] Typically, a wireless communication network com-
prises several base stations (BSs), wherein each BS com-
municates with a mobile station or user equipment (UE)
using a forward link and each mobile station (or access
terminal) communicates with base station(s) using a reverse
link. A UE may synchronize to a network for initial cell
access by performing a random access procedure, which
may include a number of messages (e.g., about 4) exchange
between the UE and a BS. Thus, there is a latency in
establishing a connection with the network. After the UE
establishes a connection with the network, the UE may move
from one cell coverage area to another cell coverage area.
When the UE moved out of a current serving cell coverage
area, a handover process may be performed to enable the UE
to continue communication with the network under a dif-
ferent cell coverage area. Typically, UE mobility manage-
ment is supported through a downlink (DL)-based mobility
approach, where the network sends references signals (RSs)
and the UE performs cell search and measurements based on
the RSs. Cell search and measurements consume power at
the UE. Thus, a more efficient random access procedure and
mobility support may benefit wireless communication.

BRIEF SUMMARY OF SOME EXAMPLES

[0005] The following summarizes some aspects of the
present disclosure to provide a basic understanding of the
discussed technology. This summary is not an extensive
overview of all contemplated features of the disclosure, and
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is intended neither to identify key or critical elements of all
aspects of the disclosure nor to delineate the scope of any or
all aspects of the disclosure. Its sole purpose is to present
some concepts of one or more aspects of the disclosure in
summary form as a prelude to the more detailed description
that is presented later.

[0006] Embodiments of the present disclosure provide
mechanisms for random access and UL-based mobility that
can reduce random access latency. A UE may simultane-
ously transmit a signal including a random access preamble
and data in a single transmission. For example, the data may
include a connection request message during an initial
network access or may include UE identifier information
during a UL-based mobility procedure. A BS may respond
to the signal by including a random access response and a
connection response in a single transmission during an
initial network access or including an acknowledgement and
paging information in a single transmission.

[0007] For example, in an aspect of the disclosure, a
method of wireless communication in a network, includes
transmitting, by a first wireless communication device, a
first signal carrying a random access sequence and a data;
and receiving, by the first wireless communication device
from a second wireless communication device in response to
the first signal, a second signal.

[0008] In an additional aspect of the disclosure, a method
of wireless communication in a network, includes receiving,
by a first wireless communication device from a second
wireless communication device, a first signal carrying a
random access sequence and a data; and transmitting, by the
first wireless communication device to the second wireless
communication device in response to the first signal, a
second signal.

[0009] In an additional aspect of the disclosure, an appa-
ratus including a transceiver configured to transmit a first
signal carrying a random access sequence and a data; and
receive, from a wireless communication device in response
to the first signal, a second signal.

[0010] In an additional aspect of the disclosure, an appa-
ratus including a transceiver configured to receive, from a
wireless communication device, a first signal carrying a
random access sequence and a data; and transmit, to the
wireless communication device in response to the first
signal, a second signal

[0011] Other aspects, features, and embodiments of the
present invention will become apparent to those of ordinary
skill in the art, upon reviewing the following description of
specific, exemplary embodiments of the present invention in
conjunction with the accompanying figures. While features
of the present invention may be discussed relative to certain
embodiments and figures below, all embodiments of the
present invention can include one or more of the advanta-
geous features discussed herein. In other words, while one or
more embodiments may be discussed as having certain
advantageous features, one or more of such features may
also be used in accordance with the various embodiments of
the invention discussed herein. In similar fashion, while
exemplary embodiments may be discussed below as device,
system, or method embodiments, such exemplary embodi-
ments can be implemented in various devices, systems, and
methods.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates a wireless communication net-
work according to embodiments of the present disclosure.
[0013] FIG. 2 illustrates a subframe configuration accord-
ing to embodiments of the present disclosure.

[0014] FIG. 3 illustrates a user equipment (UE) radio
resource control (RRC) state diagram 300 according to
embodiments of the present disclosure.

[0015] FIG. 4 illustrates a wireless communication net-
work that implements uplink (UL)-based mobility according
to embodiments of the present disclosure.

[0016] FIG. 5 is a block diagram of an exemplary UE
according to embodiments of the present disclosure.
[0017] FIG. 6 is a block diagram of an exemplary base
station (BS) according to embodiments of the present dis-
closure.

[0018] FIG. 7 s a protocol diagram of a method of a 4-step
random access procedure according to embodiments of the
present disclosure.

[0019] FIG. 8 illustrates a subframe that includes a physi-
cal random access channel (PRACH) according to the
present disclosure.

[0020] FIG.9is aprotocol diagram of a method of a 2-step
random access procedure according to embodiments of the
present disclosure.

[0021] FIG. 10 illustrates a subframe that includes an
enhanced PRACH (ePRACH) according to the present dis-
closure.

[0022] FIG. 11 is a protocol diagram of a method of
performing UL mobility in a RRC common state according
to embodiments of the present disclosure.

[0023] FIG. 12 illustrates a subframe that includes a
physical uplink measurement indication channel (PUMICH)
according to the present disclosure.

[0024] FIG. 13 is a protocol diagram of a method of
performing UL mobility in a RRC dedicated state according
to embodiments of the present disclosure.

[0025] FIG. 14 illustrates a subframe including a physical
uplink measurement references signal (PUMRS) channel
according to the present disclosure.

[0026] FIG. 15 is a flow diagram of a method of perform-
ing UL-based mobility and random access according to
embodiments of the present disclosure.

[0027] FIG. 16 is a flow diagram of a method of perform-
ing UL-based mobility and random access according to
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0028] The detailed description set forth below, in con-
nection 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 the 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.

[0029] The techniques described herein may be used for
various wireless communication networks such as code-
division multiple access (CDMA), time-division multiple
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access (TDMA), frequency-division multiple access
(FDMA), orthogonal frequency-division multiple access
(OFDMA), single-carrier FDMA (SC-FDMA) and other
networks. The terms “network” and “system” are often used
interchangeably. A CDMA network may implement a radio
technology such as Universal Terrestrial Radio Access
(UTRA), cdma2000, etc. UTRA includes Wideband CDMA
(WCDMA) and other variants of CDMA. cdma2000 covers
1S-2000, I1S-95 and IS-856 standards. A TDMA network may
implement a radio technology such as Global System for
Mobile Communications (GSM). An OFDMA network may
implement a radio technology such as Evolved UTRA
(E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-
OFDMA, etc. UTRA and E-UTRA are part of Universal
Mobile Telecommunication System (UMTS). 3GPP Long
Term Evolution (LTE) and LTE-Advanced (LTE-A) are new
releases of UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A and GSM are described in documents
from an organization named “3rd Generation Partnership
Project” (3GPP). CDMA2000 and UMB are described in
documents from an organization named “3rd Generation
Partnership Project 2” (3GPP2). The techniques described
herein may be used for the wireless networks and radio
technologies mentioned above as well as other wireless
networks and radio technologies, such as a next generation
(e.g., 5" Generation (5G)) network.

[0030] The present disclosure describes an improved ran-
dom access procedure and UL-based mobility. UL-based
mobility refers to a network performing UE search and/or
measurements based on reference signals transmitted by
UEs. In the disclosed embodiments, a UE may simultane-
ously transmit a random access preamble and data in a single
transmission. For random access, the UE may simultane-
ously transmit a random access preamble and a connection
request message (e.g., the data) instead of separately, and
thus may reduce random access latency. For UL-based
mobility, when the UE is in a RRC common state, the UE
may transmit a random access preamble and a UE-identifier
(ID) (e.g., the data) that identifies the UE in the network.
Upon detecting the random access preamble and the UE-ID,
a BS or a transmission/reception (TRP) may transmit an
acknowledgement (ACK) to the UE and may include paging
information. When the UE is in a RRC dedicated state, the
UE may send a UL mobility reference signal and the BS may
transmit an ACK to the UE and may include handover
information. The disclosed embodiments define an ePRACH
and a PUMICH in a UL-centric self-contained subframe for
carrying both a random access preamble and data for ran-
dom access and UlL-based mobility, respectively. In addi-
tion, the disclosed embodiments defined a PUMRS channel
in a UL-centric self-contained subframe for carrying a UL
mobility reference signal.

[0031] FIG. 1 illustrates a wireless communication net-
work 100 according to embodiments of the present disclo-
sure. The network 100 may include a number of UEs 102,
as well as a number of BSs 104. The BSs 104 may include
an Evolve Node B (eNodeB). A BS 104 may be a station that
communicates with the UEs 102 and may also be referred to
as a base transceiver station, a node B, an access point, and
the like.

[0032] The BSs 104 communicate with the UEs 102 as
indicated by communication signals 106. A UE 102 may
communicate with the BS 104 via an uplink (UL) and a
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downlink (DL). The downlink (or forward link) refers to the
communication link from the BS 104 to the UE 102. The UL
(or reverse link) refers to the communication link from the
UE 102 to the BS 104. The BSs 104 may also communicate
with one another, directly or indirectly, over wired and/or
wireless connections, as indicated by communication signals
108.

[0033] The UEs 102 may be dispersed throughout the
network 100, as shown, and each UE 102 may be stationary
or mobile. The UE 102 may also be referred to as a terminal,
a mobile station, a subscriber unit, etc. The UE 102 may be
a cellular phone, a smartphone, a personal digital assistant,
a wireless modem, a laptop computer, a tablet computer, an
IoT device, etc. The network 100 is one example of a
network to which various aspects of the disclosure apply.
[0034] Each BS 104 may provide communication cover-
age for a particular geographic area. In 3GPP, the term “cell”
can refer to this particular geographic coverage area of a BS
and/or a BS subsystem serving the coverage area, depending
on the context in which the term is used. In this regard, a BS
104 may provide communication coverage for a macro cell,
a pico cell, a femto cell, and/or other types of cell. A macro
cell generally covers a relatively large geographic area (e.g.,
several kilometers in radius) and may allow unrestricted
access by UEs with service subscriptions with the network
provider. A pico cell may generally cover a relatively smaller
geographic area and may allow unrestricted access by UEs
with service subscriptions with the network provider. A
femto cell may also generally cover a relatively small
geographic area (e.g., a home) and, in addition to unre-
stricted access, may also provide restricted access by UEs
having an association with the femto cell (e.g., UEs in a
closed subscriber group (CSG), UEs for users in the home,
and the like). A BS for a macro cell may be referred to as a
macro BS. A BS for a pico cell may be referred to as a pico
BS. A BS for a femto cell may be referred to as a femto BS
or a home BS.

[0035] In the example shown in FIG. 1, the BSs 104a,
1045 and 104¢ are examples of macro BSs for the coverage
areas 110a, 1105 and 110c, respectively. The BSs 1044 and
104e are examples of pico and/or femto BSs for the coverage
areas 1104 and 110e, respectively. As will be recognized, a
BS 104 may support one or multiple (e.g., two, three, four,
and the like) cells.

[0036] The network 100 may also include relay stations. A
relay station is a station that receives a transmission of data
and/or other information from an upstream station (e.g., a
BS, a UE, or the like) and sends a transmission of the data
and/or other information to a downstream station (e.g.,
another UE, another BS, or the like). A relay station may also
be a UE that relays transmissions for other UEs. A relay
station may also be referred to as a relay BS, a relay UE, a
relay, and the like.

[0037] The network 100 may support synchronous or
asynchronous operation. For synchronous operation, the
BSs 104 may have similar frame timing, and transmissions
from different BSs 104 may be approximately aligned in
time. For asynchronous operation, the BSs 104 may have
different frame timing, and transmissions from different BSs
104 may not be aligned in time.

[0038] In some implementations, the network 100 utilizes
orthogonal frequency division multiplexing (OFDM) on the
downlink and single-carrier frequency division multiplexing
(SC-FDM) on the UL. OFDM and SC-FDM partition the
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system bandwidth into multiple (K) orthogonal subcarriers,
which are also commonly referred to as tones, bins, or the
like. Each subcarrier may be modulated with data. In gen-
eral, modulation symbols are sent in the frequency domain
with OFDM and in the time domain with SC-FDM. The
spacing between adjacent subcarriers may be fixed, and the
total number of subcarriers (K) may be dependent on the
system bandwidth. For example, K may be equal to 72, 180,
300, 600, 900, and 1200 for a corresponding system band-
width of 1.4, 3, 5, 10, 15, or 20 megahertz (MHz), respec-
tively. The system bandwidth may also be partitioned into
sub-bands. For example, a sub-band may cover 1.08 MHz,
and there may be 1, 2, 4, 8 or 16 sub-bands for a corre-
sponding system bandwidth of 1.4, 3, 5, 10, 15, or 20 MHz,
respectively.

[0039] In an embodiment, the BSs 104 can assign or
schedule transmission resources (e.g., in the form of time-
frequency resource blocks) for DL and UL transmissions in
the network 100. The communication can be in the form of
radio frames. A radio frame may be divided into a plurality
of subframes. In a FDD mode, simultaneous UL and DL
transmissions may occur in different frequency bands. In a
TDD mode, UL and DL transmissions occur at different time
periods using the same frequency band. For example, a
subset of the subframes in a radio frame may be used for DL,
transmissions and another subset of the subframes may be
used for UL transmissions. The DL and UL subframes can
be shared among the BSs 104 and the UEs 102, respectively.

[0040] The DL subframes and the UL subframes can be
further divided into several regions. For example, each DL
or UL subframe may have pre-defined regions for transmis-
sions of reference signals, control information, and data.
Reference signals are pre-determined signals that facilitate
the communications between the BSs 104 and the UEs 102.
For example, a reference signal can have a particular pilot
pattern or structure, where pilot tones may span across an
operational bandwidth or frequency band, each positioned at
a pre-defined time and a pre-defined frequency. Control
information may include resource assignments and protocol
controls. Data may include protocol data and/or operational
data.

[0041] In an embodiment, the BSs 104 can broadcast
system information associated with the network 100. Some
examples of system information may include physical layer
information such as cell bandwidths and frame configura-
tions, cell access information, and neighbor cell information.
A UE 102 can access the network 100 by listening to the
broadcast system information and requests connection or
channel establishments with a BS 104. For example, the UE
102 can perform a random access procedure to begin com-
munication with the BS 104 and subsequently may perform
connection and/or registration procedures to register with
the BS 104. After completing the connection and/or the
registration, the UE 102 and the BS 104 can enter a normal
operation stage, where operational data may be exchanged.
[0042] FIG. 2 illustrates a subframe configuration 200
according to embodiments of the present disclosure. The
configuration 200 may be employed by the BSs 104 and the
UEs 102 for transmission. In FIG. 2, the x-axis represents
time in some constant units and the y-axis represents fre-
quency in some constant units. The configuration 200 shows
two self-contained subframes 210 and 220. The subframes
210 and 220 can be configured for UL transmission or DL
transmission. As an example, the subframe 210 is configured
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for UL transmission and the subframe 220 is configured for
DL transmission. Thus, the subframe 210 may be referred to
as a UL-centric subframe and the subframe 220 may be
referred to as a DL-centric subframe. The subframe 210
includes a DL control portion 212 for carrying DL control,
a UL data portion 214 for carrying UL data, and a UL control
portion 216 for carrying UL control. The subframe 220
includes a DL control portion 222 for carrying DL control,
a DL data portion 224 for carrying DL data, and a UL control
portion 226 for carrying UL control. As shown, the subframe
210 further includes s a guard band 218 between the DL
control portion 212 and the UL data portion 214. The
subframe 220 further includes s a guard band 228 between
the DL data portion 224 and the UL control portion 226. The
guard bands 218 and 228 allow for switching between
transmit and receive.

[0043] FIG. 3 illustrates a UE RRC state diagram 300
according to embodiments of the present disclosure. The
RRC state diagram 300 shows the RRC states of the UE 102
after completing an initial radio access network (RAN) or
cell access. As shown, the UE 102 may transitions between
a RRC dedicated state 310, a RRC common state 320, a
reachable idle state 330, and a power saving state 340. In the
RRC dedicated state 310, the UE 102 context is known to the
RAN. The UE 102 may be assigned with air interface
resources (e.g., physical resources). The UE 102 may trans-
mit and receive any data. The UE 102 may transition from
the RRC dedicated state 310 to the RRC common state 320
due to inactivity.

[0044] In the RRC common state 320, the UE 102 context
is known to the RAN. The UE 102 has no assigned air
interface resources. The UE 102 may transmit and receive a
small amount of data. The UE 102 may transition from the
RRC common state 320 to the RRC dedicated state 310
when a nominal amount of data reception or transmission
occurs. The UE 102 may transition to from the RRC
common state 320 to the reachable idle state 330 due to
inactivity. When the UE 102 is in the RRC dedicated state
310 or the RRC common state 320, the UE 102 is in a
connected mode.

[0045] In the reachable idle state 330, the context of the
UE 102 is not known to the RAN. The UE 102 has no
assigned air interface resources. The UE 102 may transmit
and receive a small amount of data. The UE 102 may
transition from the reachable idle state 330 to the RRC
dedicated state 310 when a nominal amount of data recep-
tion or transmission occurs. The UE 102 may transition from
the reachable idle state 330 to the power saving state 340
when a reachability timer expires.

[0046] Inthe power saving state 340, the context of the UE
102 is not known to the RAN. The UE 102 has no assigned
air interface resources. The UE 102 has no data transmission
or reception. The UE 102 may transition from the power
saving state 340 to the reachability idle state 330 upon any
data transmission or reception. When the UE 102 is in the
reachability idle state 330 or the power saving state 340, the
UE 102 is in an idle mode.

[0047] FIG. 4 illustrates a wireless communication net-
work 400 that implements UL-based mobility according to
embodiments of the present disclosure. FIG. 4 illustrates one
transmission/reception point (TRP) 404 and one UE 402 for
purposes of simplicity of discussion, though it will be
recognized that embodiments of the present disclosure may
scale to many more UEs 402 and/or TRPs 404. The TRP 404
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may be substantially similar to the BSs 104, but may include
remote radio heads for wireless signal transmission and
reception and may communicate with a central unit for
baseband processing. The UEs 402 may be substantially
similar to the UEs 102. The UE 402 and the TRP 404 may
communicate with each other at any suitable frequencies.
[0048] The network 400 includes a plurality of zones 410.
A zone 410 is a collection of tightly synchronized cells. As
shown, the zone 410q includes the zone 4105 where the TRP
404 is located and a cluster of cells 412 serving the UE 402.
To support Ul-based intra-zone mobility, for example,
within the zone 410q, the UE 402 may send UL mobility
RSs for mobility tracking at the network side. For example,
the TRP 404 may perform UE search and measurements
based on the RSs sent by the UE 402. The TRP 404 may
acknowledge the UL mobility RSs and signal paging indi-
cator, as described in greater detail herein. The network 400
may autonomously selects a serving cell 412 (e.g., a TRP) or
cells 412 (e.g., TRPs) to send the acknowledgement (ACK).
Thus, intra-zone mobility may be transparent to the UE 402.
For inter-zone mobility, for example, from the zone 410a to
the zone 4105, the UE 402 may perform handover when a
pre-determined condition is satisfied.

[0049] UL-based mobility provides several benefits. For
example, power consumption may be reliably tradeoff at a
UE. The handshake at the physical layer (e.g., layer 1 (L1))
may be more efficient, and thus may provide UEs and the
network with channel information in a shorter amount of
time than DL-based mobility. In addition, UL-based mobil-
ity may provide better mobility tracking since the network
may have more antennas than UEs. UL-based mobility may
benefit high mobility or poor channel conditions. For
example, UL-based mobility may reduce UE power con-
sumption, improve paging miss and call set up delay,
improve network resource utilization efficiency, and reduce
handover failure rate.

[0050] FIG. 5 is a block diagram of an exemplary UE 500
according to embodiments of the present disclosure. The UE
500 may be a UE 102 as discussed above. As shown, the UE
500 may include a processor 502, a memory 504, a random
access (RACH) and UL mobility processing module 508, a
transceiver 610 including a modem subsystem 612 and a RF
unit 614, and an antenna 616. These elements may be in
direct or indirect communication with each other, for
example via one or more buses or other communication
mediums.

[0051] The processor 502 may include a central process-
ing unit (CPU), a digital signal processor (DSP), an appli-
cation-specific integrated circuit (ASIC), a controller, a field
programmable gate array (FPGA) device, another hardware
device, a firmware device, or any combination thereof
configured to perform the operations described herein. The
processor 502 may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any
other such configuration.

[0052] The memory 504 may include a cache memory
(e.g., a cache memory of the processor 502), random access
memory (RAM), magnetoresistive RAM (MRAM), read-
only memory (ROM), programmable read-only memory
(PROM), erasable programmable read only memory
(EPROM), electrically erasable programmable read only
memory (EEPROM), flash memory, solid state memory
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device, hard disk drives, other forms of volatile and non-
volatile memory, or a combination of different types of
memory. In an embodiment, the memory 504 includes a
non-transitory computer-readable medium. The memory
504 may store instructions 506. The instructions 506 may
include instructions that, when executed by the processor
502, cause the processor 502 to perform the operations
described herein with reference to the UEs 102 in connec-
tion with embodiments of the present disclosure. Instruc-
tions 506 may also be referred to as code. The terms
“instructions” and “code” should be interpreted broadly to
include any type of computer-readable statement(s). For
example, the terms “instructions” and “code” may refer to
one or more programs, routines, sub-routines, functions,
procedures, etc. “Instructions” and “code” may include a
single computer-readable statement or many computer-read-
able statements.

[0053] The RACH and UL mobility processing module
508 may be implemented via hardware, software, or com-
binations thereof. For example, the RACH and UL mobility
processing module 508 may be implemented as a processor,
circuit, and/or instructions 506 stored in the memory 504
and executed by the processor 502. The RACH and UL
mobility processing module 508 may be used for various
aspects of the present disclosure. For example, the RACH
and UL mobility processing module 508 is configured to
perform RACH and facilitate UL mobility, as described in
greater detail herein.

[0054] As shown, the transceiver 510 may include the
modem subsystem 512 and the RF unit 514. The transceiver
510 can be configured to communicate bi-directionally with
other devices, such as the BSs 104. The modem subsystem
512 may be configured to modulate and/or encode the data
from the memory 504 and/or the RACH and UL mobility
processing module 508 according to a modulation and
coding scheme (MCS), e.g., a low-density parity check
(LDPC) coding scheme, a turbo coding scheme, a convo-
Iutional coding scheme, a digital beamforming scheme, etc.
The RF unit 514 may be configured to process (e.g., perform
analog to digital conversion or digital to analog conversion,
etc.) modulated/encoded data from the modem subsystem
512 (on outbound transmissions) or of transmissions origi-
nating from another source such as a UE 102 or a BS 104.
Although shown as integrated together in transceiver 510,
the modem subsystem 512 and the RF unit 514 may be
separate devices that are coupled together at the UE 102 to
enable the UE 102 to communicate with other devices.
[0055] The RF unit 514 may provide the modulated and/or
processed data, e.g. data packets (or, more generally, data
messages that may contain one or more data packets and
other information), to the antenna 516 for transmission to
one or more other devices. The antenna 516 may further
receive data messages transmitted from other devices. This
may include, for example, transmission and reception of
signals associated with RACH and UL mobility according to
embodiments of the present disclosure. The antenna 516
may provide the received data messages for processing
and/or demodulation at the transceiver 510. Although FIG.
5 illustrates antenna 516 as a single antenna, antenna 516
may include multiple antennas of similar or different designs
in order to sustain multiple transmission links. The RF unit
514 may configure the antenna 516.

[0056] FIG. 6 is a block diagram of an exemplary BS 600
according to embodiments of the present disclosure. The BS
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600 may be a BS 104 as discussed above. As shown, the BS
600 may include a processor 602, a memory 604, a RACH
and UL mobility processing module 608, a transceiver 610
including a modem subsystem 612 and a RF unit 614, and
an antenna 616. These elements may be in direct or indirect
communication with each other, for example via one or more
buses.

[0057] The processor 602 may have various features as a
specific-type processor. For example, these may include a
CPU, a DSP, an ASIC, a controller, a FPGA device, another
hardware device, a firmware device, or any combination
thereof configured to perform the operations described
herein. The processor 602 may also be implemented as a
combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP
core, or any other such configuration.

[0058] The memory 604 may include a cache memory
(e.g., a cache memory of the processor 602), RAM, MRAM,
ROM, PROM, EPROM, EEPROM, flash memory, a solid
state memory device, one or more hard disk drives, mem-
ristor-based arrays, other forms of volatile and non-volatile
memory, or a combination of different types of memory. In
some embodiments, the memory 604 may include a non-
transitory computer-readable medium. The memory 604
may store instructions 606. The instructions 606 may
include instructions that, when executed by the processor
602, cause the processor 602 to perform operations
described herein. Instructions 606 may also be referred to as
code, which may be interpreted broadly to include any type
of computer-readable statement(s) as discussed above with
respect to FIG. 5.

[0059] The RACH and UL mobility processing module
608 may be implemented via hardware, software, or com-
binations thereof. For example, the RACH and UL mobility
processing module 608 may be implemented as a processor,
circuit, and/or instructions 606 stored in the memory 604
and executed by the processor 602. The RACH and UL
mobility processing module 608 may be used for various
aspects of the present disclosure. For example, the RACH
and UL mobility processing module 608 may perform
RACH and support UL mobility, as described in greater
detail herein.

[0060] As shown, the transceiver 610 may include the
modem subsystem 612 and the RF unit 614. The transceiver
610 can be configured to communicate bi-directionally with
other devices, such as the UEs 102 and/or another core
network element. The modem subsystem 612 may be con-
figured to modulate and/or encode data according to a MCS,
e.g., a LDPC coding scheme, a turbo coding scheme, a
convolutional coding scheme, a digital beamforming
scheme, etc. The RF unit 614 may be configured to process
(e.g., perform analog to digital conversion or digital to
analog conversion, etc.) modulated/encoded data from the
modem subsystem 612 (on outbound transmissions) or of
transmissions originating from another source such as a UE
102. Although shown as integrated together in transceiver
610, the modem subsystem 612 and the RF unit 614 may be
separate devices that are coupled together at the BS 104 to
enable the BS 104 to communicate with other devices.
[0061] The RF unit 614 may provide the modulated and/or
processed data, e.g. data packets (or, more generally, data
messages that may contain one or more data packets and
other information), to the antenna 616 for transmission to
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one or more other devices. This may include, for example,
transmission of information to complete attachment to a
network and communication with a camped UE 102 accord-
ing to embodiments of the present disclosure. The antenna
616 may further receive data messages transmitted from
other devices and provide the received data messages for
processing and/or demodulation at the transceiver 610.
Although FIG. 6 illustrates antenna 616 as a single antenna,
antenna 616 may include multiple antennas of similar or
different designs in order to sustain multiple transmission
links.

[0062] FIG. 7 is a protocol diagram of a method 700 of a
4-step random access procedure according to embodiments
of the present disclosure. Steps of the method 700 can be
executed by computing devices (e.g., a processor, process-
ing circuit, and/or other suitable component) of wireless
communication devices, such as the BSs 104 and 600, the
TRP 404, and the UEs 102, 402, and 500. The method 700
is suitable for use in any RRC states as described in the UE
RRC state diagram 300. The method 700 can be better
understood with reference to FIG. 4. The method 700 may
employ similar mechanisms as in the network 400. As
illustrated, the method 700 includes a number of enumerated
steps, but embodiments of the method 700 may include
additional steps before, after, and in between the enumerated
steps. In some embodiments, one or more of the enumerated
steps may be omitted or performed in a different order. The
method 700 illustrates two TRPs 404a and 4045 and one UE
402 for purposes of simplicity of discussion, though it will
be recognized that embodiments of the present disclosure
may scale to many more UEs 402 and/or TRPs 404.

[0063] At step 710, the UE 402 transmits a message 1
(MSG1), which may be referred to as a random access
preamble. The UE 402 may transmit the MSG1 in a physical
random access channel (PRACH). The random access pre-
amble may be a Zadoff-Chu sequence, a gold sequence, a
m-sequence or any suitable orthogonal sequence and may
include cyclic shifts. In some embodiments, the MSG1 may
also reach the TRP 4045 as shown by the arrows in the
dashed oval.

[0064] At step 720, upon detecting the MSG1, the TRP
404aq transmits a message 2 (MSG2), which may be referred
to as a random access response (RAR). The TRP 404a may
transmit allocation information for the MSG?2 in a physical
downlink control channel (PDCCH) and the MSG2 in a
physical downlink shared channel (PDSCH). The MSG2
may include a detected random access preamble identifier
(ID), timing advance (TA) information, a UL grant, a
temporary cell-radio network temporary identifier
(C-RNTI), and a backoff indicator. In some embodiments,
the TRP 4045 may also detect the MSG1 and may respond
with a MSG2 as shown by the dashed arrow.

[0065] At step 730, the UE 402 transmits a message 3
(MSG3) based on the MSG2. The UE 402 may transmit the
MSG3 in a physical uplink shared channel (PUSCH). The
MSG3 may include a RRC connection request, a tracking
area update, and a scheduling request.

[0066] At step 740, the TRP 404a transmits a message 4
(MSG4). The TRP 404a may transmit allocation information
for the MSG4 in a PDCCH and the MSG4 in a PDSCH. The
MSGH4 includes a contention resolution. The PRACH and
the PUSCH are sent in a UL-centric subframe (e.g., the
subframe 210), as described in greater detail herein. The
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PRACH and the PUSCH may have the same numerology
(e.g., a tone spacing of 15 kHz) or different numerologies.
[0067] FIG. 8 illustrates a subframe 800 that includes a
PRACH 850 according to the present disclosure. The sub-
frame 800 is employed by the UE 402 when implementing
the 4-step random access procedure described in the method
700. In FIG. 8, the x-axis represents time in some constant
units and the y-axis represents frequency in some constant
units. The subframe 800 is a UL-centric subframe and has a
similar structure as the subframe 210. The subframe 800
may carry a DL, common burst, a UL regular burst, and a UL
common burst in a DL control portion 212, a UL data portion
214, and a UL control portion 216. As shown, the subframe
800 carriers the PRACH 850 in the UL data portion 214. In
some embodiments, the position of the PRACH 850 may be
configurable. For example, the PRACH 850 may be in both
the UL data portion 214 and the UL control portion 216. In
addition, the PRACH 850 may span more than one subframe
800.

[0068] FIG. 9 is a protocol diagram of a method 900 of
performing a 2-step random access according to embodi-
ments of the present disclosure. Steps of the method 900 can
be executed by computing devices (e.g., a processor, pro-
cessing circuit, and/or other suitable component) of wireless
communication devices, such as the BSs 104 and 600, the
TRP 404, and the UEs 102, 402, and 500. The method 900
is suitable for use when a UE is in a RRC common state
(e.g., the RRC common state 320). The method 900 can be
better understood with reference to FIG. 4. The method 900
may employ similar mechanisms as in the network 400. As
illustrated, the method 900 includes a number of enumerated
steps, but embodiments of the method 900 may include
additional steps before, after, and in between the enumerated
steps. In some embodiments, one or more of the enumerated
steps may be omitted or performed in a different order. The
method 900 illustrates two TRPs 404a and 4045 and one UE
402 for purposes of simplicity of discussion, though it will
be recognized that embodiments of the present disclosure
may scale to many more UFEs 402 and/or TRPs 404.
[0069] At step 910, the UE 402 transmits an enhanced
message 1 (eMSG1), which includes the MSG1 and the
MSG3 of the method 700. The UE 402 may transmit the
eMSG]1 in an enhanced physical random access channel
(ePRACH). The ePRACH includes PUSCHs and a PRACH,
as described in greater detail herein. The eMSG1 may
include a random access preamble, a RRC connection
request, a tracking area update, a scheduling request, and a
UE identifier (UE-ID). For example, the PRACH is trans-
mitted in the PRACH of the ePRACH and the remaining
eMSG1 is transmitted in the PUSCHs of the ePRACH. In
some embodiments, the eMSG1 may also reach the TRP
4045 as shown by the arrows in the dashed oval.

[0070] At step 920, upon detecting the eMSG1, the TRP
404q transmits an enhanced message 2 (eMSG2), which
includes the MSG2 and MSG4 of the method 700. The TRP
404a may transmit allocation information for the eMSG2 in
a PDCCH and the eMSG2 in a PDSCH. The eMSG2 may
include a detected random access preamble ID, TA infor-
mation, a C-RNTI, a backoff indicator, and a contention
resolution. In some embodiments, the TRP 4045 may also
detect the eMSG1 and may respond with an eMSG2 as
shown by the dashed arrow.

[0071] As shown, the method 900 requires two steps
instead of four steps as in the method 700. Thus, the method
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900 may reduce latency for random access. The method 900
is suitable for small-cell deployments or in unlicensed
bands.

[0072] FIG. 10 illustrates a subframe 1000 that includes an
ePRACH 1050 according to the present disclosure. The
subframe 1000 is employed by the UE 402 when imple-
menting the 4-step random access procedure described in the
method 900. In FIG. 10, the x-axis represents time in some
constant units and the y-axis represents frequency in some
constant units. The subframe 1000 is a UL-centric subframe
and has a similar structure as the subframe 210. The sub-
frame 1000 may carry a DL common burst, a UL regular
burst, and a UL common burst in a DL control portion 212,
a UL data portion 214, and a UL control portion 216. As
shown, the subframe 1000 carries the ePRACH 1050 in the
UL data portion 214.

[0073] The ePRACH 1050 includes a plurality of
PUSCHs 1052, a PRACH 1054, and a guard band 1056 at
the end of the ePRACH 1050. For example, the PRACH
1054 carries a random access preamble of an eMSG1 and the
PUSCHs 1052 carry remaining portions of the eMSGI1.
Each of the PUSCHs 1052 and the PRACH 1054 includes a
cyclic prefix (CP) portion 1058. Each of the PUSCHs 1052
and the PRACH 1054 may span a duration of one symbol.
For example, each of the PUSCHs 1052 and the PRACH
1054 may be configured to have a tone spacing of about 15
kHz with about 256 tones, a symbol duration of about 66.67
microseconds (us), and a CP duration of about 10 ps.
[0074] In an embodiment, the PRACH 1054 may be used
as a reference signal for demodulation at the TRP 404. In an
embodiment, the PRACH 1054 is configured to be about the
center of the ePRACH 1050 to provide better performance.
Thus, the random access preamble may also be referred to
as a random access mid-amble. The PUSCHs 1052 and the
PRACH 1054 may have the same numerology or different
numerologies. For example, a network may broadcast the
configuration or numerology of the ePRACH 1050. In an
embodiment, the tone spacing of the PRACH 1054 are
configured such that the PRACH 1054 may accommodate a
selected random access preamble length. For example, a
random access preamble length may be selected by dimen-
sioning cyclic shifts based on channel conditions. Although
the PUSCHs 1052 and PRACH 1054 are shown as time-
division multiplexed, the PUSCHs 1052 and the PRACH
1054 may be frequency-division multiplexed. The time-
multiplexed PUSCHs 1052 and the PRACH 1054 may be
transmitted over the same antenna ports, which may be
mapped to one or more physical antennas such as the
antennas 516.

[0075] FIG. 11 is a protocol diagram of a method 1100 of
performing UL mobility in a RRC common state (e.g., the
RRC common state 320) according to embodiments of the
present disclosure. Steps of the method 1100 can be
executed by computing devices (e.g., a processor, process-
ing circuit, and/or other suitable component) of wireless
communication devices, such as the BSs 104 and 600, the
TRP 404, and the UEs 102, 402, and 500. The method 1100
can be better understood with reference to FIG. 4. The
method 1100 may employ similar mechanisms as in the
network 400. As illustrated, the method 1100 includes a
number of enumerated steps, but embodiments of the
method 1100 may include additional steps before, after, and
in between the enumerated steps. In some embodiments, one
or more of the enumerated steps may be omitted or per-
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formed in a different order. The method 1100 illustrates two
TRPs 404a and 4045 and one UE 402 for purposes of
simplicity of discussion, though it will be recognized that
embodiments of the present disclosure may scale to many
more UEs 402 and/or TRPs 404.

[0076] For example, the UE 402 has obtained a UE-ID
after establishing a connection with the network and is in a
RRC common state. At step 1110, the UE 402 transmits a
RRC common state UL mobility signal including a UE-ID
of the UE 402 and a random access preamble. The random
access preamble may be similar to the random access
preamble in the methods 700 and 900. When the UE 402 is
in the RRC common state, the context (e.g., the UE-ID) of
the UE 402 is saved in the network, but the UE 402 is not
assigned with any air interface resource. Thus, UE 402
transmits the random access preamble to access the network
and the UE-ID identifies the sender of the random access
preamble as the UE 402. The UE 402 may transmit the UL
mobility signal in a PUMICH. The PUMICH includes
PUSCHs and a PRACH, as described in greater detail
herein. For example, the random access preamble is trans-
mitted in the PRACH and the UE-ID is transmitted in the
PUSCHs. In some embodiments, the RRC common state UL
mobility signal may also reach the TRP 4045 as shown by
the arrows in the dashed oval.

[0077] At step 1120, upon detecting the UE-ID and the
random access preamble, the TRP 404a transmits a UL
mobility response signal including a PUMICH ACK and a
paging indicator to the UE 402. The TRP 4044 may transmit
the UL mobility response signal in a physical keep alive
channel (PKACH). The PUMICH ACK may have a length
of one bit. For example, a bit-value of 1 indicates an
acknowledgement (ACK) of a successful reception of the
PUMICH and a bit-value of 0 indicates a not-ACK (NACK)
that the PUMICH is received with error. When the UE 402
fails to receive an ACK, the UE 402 may perform power
control, for example, to increase the transmit power, for a
next UL mobility signal transmission. In an embodiment,
when the UE 402 is in the RRC common state, the UE 402
may transmit the UL mobility signal periodically, for
example, at every 1.28 second (sec) and the TRP 404a may
transmit a paging indicator along with the PUMICH ACK.
Thus, the transmission of PUMICH facilitates UL mobility
management and UE paging indicator polling.

[0078] FIG. 12 illustrates a subframe 1200 that includes a
PUMICH 1250 according to the present disclosure. The
subframe 1200 is employed by the UE 402 when imple-
menting the UL mobility procedure described in the method
1100. In FIG. 12, the x-axis represents time in some constant
units and the y-axis represents frequency in some constant
units. The subframe 1200 is similar to the subframe 1000,
but includes the PUMICH 1250 instead of the ePRACH
1050. As shown, the subframe 1200 carries the PUMICH
1250 in a UL data portion 214. The position of the PUMICH
1250 within the subframe 1200 may be configurable. For
example, a network may broadcast the configuration of the
PUMICH 1250. The PUMICH 1250 has a similar structure
as the ePRACH 1050. For example, the PRACH 1054
carries the random access preamble of the RRC common
state UL mobility signal and the PUSCHs 1052 carry the
UE-ID of the RRC common state UL mobility signal of the
method 1100.

[0079] FIG. 13 is a protocol diagram of a method 1300 of
performing UL mobility in a RRC dedicated state (e.g., the
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RRC dedicated state 310) according to embodiments of the
present disclosure. Steps of the method 1300 can be
executed by computing devices (e.g., a processor, process-
ing circuit, and/or other suitable component) of wireless
communication devices, such as the BSs 104 and 600, the
TRP 404, and the UEs 102, 402, and 500. The method 1300
can be better understood with reference to FIG. 3. The
method 1300 may employ similar mechanisms as in the
network 400. As illustrated, the method 1300 includes a
number of enumerated steps, but embodiments of the
method 1300 may include additional steps before, after, and
in between the enumerated steps. In some embodiments, one
or more of the enumerated steps may be omitted or per-
formed in a different order. The method 1300 illustrates two
TRPs 404a and 4045 and one UE 402 for purposes of
simplicity of discussion, though it will be recognized that
embodiments of the present disclosure may scale to many
more UEs 402 and/or TRPs 404.

[0080] For example, the UE 402 has obtained a UE-ID
after establishing a connection with the network and is in a
RRC dedicated state. At step 1310, the UE 402 transmits a
UL mobility RS in a PUMRS channel, as described in
greater detail herein. In an embodiment, the UL mobility RS
includes a sounding reference signal (SRS) with an extended
CP. The extended CP may enable the UL mobility RS to
reach multiple TRPs. In some embodiments, the UE 402
may transmit the UL mobility RS in one or more transmit
antenna ports that are the same or different from the regular
SRS transmissions for sounding measurements. In some
embodiments, the UL mobility RS may also reach the TRP
4045 as shown by the arrows in the dashed oval.

[0081] At step 1320, the TRP 404a transmits a RRC
dedicated UL mobility response signal in a PKACH. The
network may perform mobility management based on the
UL mobility RS. For example, the network may measure the
receive signal strength of the UL mobility RS and tracks the
mobility of the UE 402 based on the receive signal strength.
In some embodiments, the network may determine to hand
the UE 402 control over to another cell when the signal
strength received from a current serving cell (e.g., the TRP
404aq) is weak. Thus, the RRC dedicated UL mobility signal
may include information associated with handover.

[0082] FIG. 14 illustrates a subframe 1400 including a
PUMRS channel 1450 according to the present disclosure.
The subframe 1400 is employed by the UE 402 when
implementing the UL mobility procedure described in the
method 1300. In FIG. 14, the x-axis represents time in some
constant units and the y-axis represents frequency in some
constant units. The subframe 1400 has a similar structure as
the subframes 210, 800, 1000, and 1200 and includes the
PUMRS channel 1450. As shown, the subframe 1400 carries
PUMRS channel 1450 in a UL data portion 214. The
position of the PUMRS channel 1450 within the UL data
portion 214 may be configurable. For example, a network
may broadcast the configuration of the PUMRS channel
1450. In an embodiment, the PUMRS channel 1450 spans a
time duration of one symbol. For example, the PUMRS
channel 1450 carries the UL mobility RS of the method
1300.

[0083] In an embodiment, the UL-based mobility mecha-
nisms described in the methods 1100 and 1300 and the
2-step random access mechanisms described in the method
900 are suitable for use in small-cell areas, for example, with
a cell radius of less than about 1.5 kilometers (km). The
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network 400 may employ two sets of random access pre-
amble sequences with cyclic shifts, one set for random
access procedure and the other set for UL mobility. In an
embodiment, each set may include 64 Zadoff-Chu
sequences, gold sequences, m-sequences, or any suitable
orthogonal sequences. The following table illustrates an
example configuration for the PRACH 1054 and the
PUSCHs 1052 of the ePRACH 1050 or the PUMICH 1250
with a bandwidth of 3.84 MHz:

TABLE 1

Example Configuration for PRACH and
PUSCH in ePRACH or PUMICH

SCS Symbol duration CP  Number of Number of

Channel (kHz) (us) (us) tones symbols
PRACH 15 66.67 10 256 1
PUSCH 15 66.67 10 256 4
[0084] A UE may transmit a random access preamble over

multiple subframes (e.g., the subframes) based on link
budget. The UE may transmit the random access preamble
based on one numerology and the data based on another
numerology when transmitting the eMSG1 or the RRC
common state UL mobility signal. A BS or a TRP may utilize
the random access preamble as a demodulation references
signal to demodulate the data or the PUSCH.

[0085] In an embodiment, the random access procedure
described above may be suitable for use is in large-cell
deployment. The PRACH may be configured similar to the
LTE PRACH in terms of random access preamble sequences
(e.g., Zadoff-Chu with cyclic shifts), dimensioning of cyclic
shifts such that delay spread and/or Doppler shift have
minimal impacts on the RACH sequence cross-correlation.
For example, the CP length may be dimensioned and a
RACH sequence may be repeated to support different cell
range requirements. The following table shows example
PRACH formats and configurations:

TABLE 2

Example PRACH Format

BW SCS CP SEQ Guard Duration Cell radius

Format (MHz) (kHz) (us) (us) (us) (ms) (km)

0 1.08 1.25 103.1 800 96.9 1 14.5
1 1.08 1.25 6844 800 515.6 2 713
2 1.08 1.25 203.1 1600 196.9 2 29.5
3 1.08 1.25 6844 1600 715.6 3 107.3

[0086] FIG. 15 is a flow diagram of a method 1500 of
performing UL-based mobility and random access accord-
ing to embodiments of the present disclosure. Steps of the
method 1500 can be executed by a computing device (e.g.,
a processor, processing circuit, and/or other suitable com-
ponent) of a wireless communication device, such as the
UEs 402 and 500. The method 1500 may employ similar
mechanisms as in the methods 900, 1100, and 1300. The
method 1500 can be better understood with reference to FIG.
3. As illustrated, the method 1500 includes a number of
enumerated steps, but embodiments of the method 1500 may
include additional steps before, after, and in between the
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enumerated steps. In some embodiments, one or more of the
enumerated steps may be omitted or performed in a different
order.

[0087] At step 1510, the method 1500 includes transmit-
ting a first signal carrying a random access preamble and
data, for example, by a UE. At step 1520, the method
includes receiving a second signal in response to the first
signal. In an embodiment of random access, the first signal
carries the eMSG1 as described in the method 900, where
the data may include at least one of a connection request,
tracking area updated information, a scheduling request, or
a UE-ID of the UE. The second signal may include at least
one of a random access preamble ID of the random access
preamble, timing advance information, backoff information,
or a contention resolution.

[0088] In an embodiment UL-based mobility, the first
signal carries the RRC common state UL mobility signal as
described in the method 1100, where the data carries a
UE-ID of the UE. The second signal may include at least one
of an acknowledgement for the first signal or paging infor-
mation.

[0089] FIG. 16 is a flow diagram of a method 1600 of
performing UL-based mobility and random access accord-
ing to embodiments of the present disclosure. Steps of the
method 1600 can be executed by a computing device (e.g.,
a processor, processing circuit, and/or other suitable com-
ponent) of a wireless communication device, such as the
TRPs 404 and the BS 600. The method 1600 may employ
similar mechanisms as in the methods 900, 1100, and 1300.
The method 1600 can be better understood with reference to
FIG. 3. As illustrated, the method 1600 includes a number of
enumerated steps, but embodiments of the method 1600 may
include additional steps before, after, and in between the
enumerated steps. In some embodiments, one or more of the
enumerated steps may be omitted or performed in a different
order.

[0090] At step 1610, the method 1600 includes receiving
a first signal carrying a random access preamble and data,
for example, by a TRP. At step 1620, the method includes
transmitting a second signal in response to the first signal. In
an embodiment of random access, the first signal carries the
eMSG1 as described in the method 900, where the data may
include at least one of a connection request, tracking area
updated information, a scheduling request, or a UE-ID of the
UE. The second signal may include at least one of a random
access preamble ID of the random access preamble, timing
advance information, backoff information, or a contention
resolution.

[0091] In an embodiment UL-based mobility, the first
signal carries the RRC common state UL mobility signal as
described in the method 1100, where the data carries a
UE-ID of the UE. The second signal may include at least one
of an acknowledgement for the first signal or paging infor-
mation.

[0092] Information and signals may be represented using
any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination
thereof.

[0093] The various illustrative blocks and modules
described in connection with the disclosure herein may be
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implemented or performed with a general-purpose proces-
sor, a DSP, an ASIC, an FPGA or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. A general-purpose
processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices (e.g., a
combination of a DSP and a microprocessor, multiple micro-
processors, one Oor more Mmicroprocessors in conjunction
with a DSP core, or any other such configuration).

[0094] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions or
code on a computer-readable medium. Other examples and
implementations are within the scope of the disclosure and
appended claims. For example, due to the nature of software,
functions described above can be implemented using soft-
ware executed by a processor, hardware, firmware, hardwir-
ing, or combinations of any of these. Features implementing
functions may also be physically located at various posi-
tions, including being distributed such that portions of
functions are implemented at different physical locations.
Also, as used herein, including in the claims, “or” as used in
a list of items (for example, a list of items prefaced by a
phrase such as “at least one of” or “one or more of”)
indicates an inclusive list such that, for example, a list of [at
least one of A, B, or C] means A or B or C or AB or AC or
BC or ABC (i.e., A and B and C).

[0095] Embodiments of the present disclosure further
include a method of wireless communication in a network
including transmitting, by a first wireless communication
device, a first signal carrying a random access sequence and
a data; and receiving, by the first wireless communication
device from a second wireless communication device in
response to the first signal, a second signal.

[0096] The method further includes wherein the transmit-
ting the first signal includes multiplexing the random access
sequence and the data to produce a multiplexed signal; and
transmitting the multiplexed signal in a uplink (UL )-centric
subframe. The method further includes wherein the multi-
plexing is a time-division multiplexing (TDM). The method
further includes wherein the random access sequence is
transmitted in a central time duration of a UL data portion
of the subframe. The method further includes wherein the
multiplexing is a frequency-division multiplexing (FDM).
The method further includes wherein the data includes at
least one of a connection request, tracking area updated
information, a scheduling request, or an identifier (ID) that
identifies the first wireless communication device in the
network, and wherein the second signal includes at least one
of a random access sequence 1D of the random access
sequence, timing advance information, backoff information,
or a contention resolution. The method further includes
wherein the first signal is a UL-based mobility signal,
wherein the data includes an identifier (ID) that identifies the
first wireless communication device in the network, and
wherein the second signal includes at least one of an
acknowledgement for the first signal or paging information.
The method further includes transmitting, by the first wire-
less communication device, a UL-based mobility reference
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signal; and receiving, by the first wireless communication
device from the second wireless communication device, a
third signal. The method further includes wherein the third
signal includes paging information and UL-based mobility
reference signal acknowledgment.

[0097] Embodiments of the present disclosure further
include a method of wireless communication in a network
including receiving, by a first wireless communication
device from a second wireless communication device, a first
signal carrying a random access sequence and a data; and
transmitting, by the first wireless communication device to
the second wireless communication device in response to the
first signal, a second signal.

[0098] The method further includes transmitting, by the
first wireless communication device, at least a random
access configuration or a UL-based mobility configuration,
wherein the first signal is received according to the random
access configuration or the UL-based mobility configura-
tion. The method further includes wherein the random
access configuration indicates a physical random access
channel including a first random access portion and a first
data portion, wherein the UL-based mobility configuration
indicates a physical UL measurement indication channel
including a second random access portion and a second data
portion, wherein the random access sequence is received in
the first random access portion or the second random access
portion, and wherein the data is received in the first data
portion or the second data portion. For some instances, the
method further includes configuring the random access
configuration to include the first random access portion and
the first data portion and configuring the UL-based mobility
configuration to include the second random access portion
and the second data portion. The method further includes
wherein the data includes at least one of a connection
request, tracking area updated information, a scheduling
request, or an identifier (ID) that identifies the second
wireless communication device in the network, and wherein
the second signal includes at least one of a random access
sequence ID of the random access sequence, timing advance
information, backoff information, or a contention resolution.
The method further includes wherein the first signal is a
UL-based mobility signal, wherein the data includes an
identifier (ID) that identifies the second wireless communi-
cation device in the network, and wherein the second signal
includes at least one of an acknowledgement for the first
signal or paging information. The method further includes
receiving, by the first wireless communication device from
the second wireless communication device, a UL-based
mobility reference signal; and performing, by the first wire-
less communication device, mobility management associ-
ated with the second wireless communication device based
on the first signal. The method further includes transmitting,
by the first wireless communication device to the second
wireless communication device, a third signal indicating
handover information for the second wireless communica-
tion device based on the first signal.

[0099] Embodiments of the present disclosure further
include an apparatus including a transceiver configured to
transmit a first signal carrying a random access sequence and
a data; and receive, from a second wireless communication
device in response to the first signal, a second signal.
[0100] The apparatus further includes wherein the trans-
ceiver is further configured to transmit the first signal by
multiplexing the random access sequence and the data to
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produce a multiplexed signal; and transmitting the multi-
plexed signal in a uplink (UL)-centric subframe. The appa-
ratus further includes wherein the multiplexing is a time-
division multiplexing (TDM). The apparatus further
includes wherein the random access sequence is transmitted
in a central time duration of a UL data portion of the
subframe. The apparatus further includes wherein the mul-
tiplexing is a frequency-division multiplexing (FDM). The
apparatus further includes wherein the data includes at least
one of a connection request, tracking area updated informa-
tion, a scheduling request, or an identifier (ID) that identifies
the first wireless communication device in the network, and
wherein the second signal includes at least one of a random
access sequence ID of the random access sequence, timing
advance information, backoff information, or a contention
resolution. The apparatus further includes wherein the first
signal is a UL-based mobility signal, wherein the data
includes an identifier (ID) that identifies the first wireless
communication device in the network, and wherein the
second signal includes at least one of an acknowledgement
for the first signal or paging information. The apparatus
further includes wherein the transceiver is further configured
to transmit a UL-based mobility reference signal; and
receive, from the second wireless communication device, a
third signal. The apparatus further includes wherein the third
signal includes paging information and UL-based mobility
reference signal acknowledgment.

[0101] Embodiments of the present disclosure further
include an apparatus comprising a transceiver configured to
receive, from a second wireless communication device, a
first signal carrying a random access sequence and a data;
and transmit, to the second wireless communication device
in response to the first signal, a second signal.

[0102] The apparatus further includes wherein the trans-
ceiver is further configured to transmit at least a random
access configuration or a UL-based mobility configuration,
wherein the first signal is received according to the random
access configuration or the UL-based mobility configura-
tion. The apparatus further includes wherein the random
access configuration indicates a physical random access
channel including a first random access portion and a first
data portion, wherein the UL-based mobility configuration
indicates a physical UL measurement indication channel
including a second random access portion and a second data
portion, wherein the random access sequence is received in
the first random access portion or the second random access
portion, and wherein the data is received in the first data
portion or the second data portion. The apparatus further
includes wherein the data includes at least one of a connec-
tion request, tracking area updated information, a scheduling
request, or an identifier (ID) that identifies the second
wireless communication device in the network, and wherein
the second signal includes at least one of a random access
sequence ID of the random access sequence, timing advance
information, backoff information, or a contention resolution.
The apparatus further includes wherein the first signal is a
UL-based mobility signal, wherein the data includes an
identifier (ID) that identifies the second wireless communi-
cation device in the network, and wherein the second signal
includes at least one of an acknowledgement for the first
signal or paging information. The apparatus further includes
wherein the transceiver is further configured to receiving, by
the first wireless communication device from the second
wireless communication device, a UL-based mobility refer-
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ence signal, and wherein the apparatus further comprises a
processor configured to perform mobility management asso-
ciated with the second wireless communication device based
on the first signal. The apparatus further includes wherein
the transceiver is further configured to transmit, to the
second wireless communication device, a third signal indi-
cating handover information for the second wireless com-
munication device based on the first signal.

[0103] Embodiments of the present disclosure further
include a computer-readable medium having program code
recorded thereon, the program code comprising code for
causing a first wireless communication device to transmit a
first signal carrying a random access sequence and a data;
and code for causing the first wireless communication
device to receive, from a second wireless communication
device in response to the first signal, a second signal.

[0104] The computer-readable medium further includes
wherein the code for causing the first wireless communica-
tion device to transmitting the first signal includes code for
causing the first wireless communication device to multiplex
the random access sequence and the data to produce a
multiplexed signal; and code for causing the first wireless
communication device to transmit the multiplexed signal in
a uplink (UL)-centric subframe. The computer-readable
medium further includes wherein the multiplexing is a
time-division multiplexing (TDM). The computer-readable
medium further includes wherein the random access
sequence is transmitted in a central time duration of a UL
data portion of the subframe. The computer-readable
medium further includes wherein the multiplexing is a
frequency-division multiplexing (FDM). The computer-
readable medium further includes wherein the data includes
at least one of a connection request, tracking area updated
information, a scheduling request, or an identifier (ID) that
identifies the first wireless communication device in the
network, and wherein the second signal includes at least one
of a random access sequence 1D of the random access
sequence, timing advance information, backoff information,
or a contention resolution. The computer-readable medium
further includes wherein the first signal is a UL-based
mobility signal, wherein the data includes an identifier (ID)
that identifies the first wireless communication device in the
network, and wherein the second signal includes at least one
of an acknowledgement for the first signal or paging infor-
mation. The computer-readable medium further includes
code for causing the first wireless communication device to
transmit a UL-based mobility reference signal; and code for
causing the first wireless communication device to receive,
from the second wireless communication device, a third
signal. The computer-readable medium further includes
wherein the third signal includes paging information and
UL-based mobility reference signal acknowledgment.
[0105] Embodiments of the present disclosure further
include a computer-readable medium having program code
recorded thereon, the program code comprising code for
causing a first wireless communication device to receive,
from a second wireless communication device, a first signal
carrying a random access sequence and a data; and code for
causing the first wireless communication device to transmit,
to the second wireless communication device in response to
the first signal, a second signal.

[0106] The computer-readable medium further includes
code for causing the first wireless communication device to
transmit at least a random access configuration or a UL-
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based mobility configuration, wherein the first signal is
received according to the random access configuration or the
UL-based mobility configuration. The computer-readable
medium further includes wherein the random access con-
figuration indicates a physical random access channel
including a first random access portion and a first data
portion, wherein the UL-based mobility configuration indi-
cates a physical UL measurement indication channel includ-
ing a second random access portion and a second data
portion, wherein the random access sequence is received in
the first random access portion or the second random access
portion, and wherein the data is received in the first data
portion or the second data portion. The computer-readable
medium further includes wherein the data includes at least
one of a connection request, tracking area updated informa-
tion, a scheduling request, or an identifier (ID) that identifies
the second wireless communication device in the network,
and wherein the second signal includes at least one of a
random access sequence 1D of the random access sequence,
timing advance information, backoff information, or a con-
tention resolution. The computer-readable medium further
includes wherein the first signal is a UL-based mobility
signal, wherein the data includes an identifier (ID) that
identifies the second wireless communication device in the
network, and wherein the second signal includes at least one
of an acknowledgement for the first signal or paging infor-
mation. The computer-readable medium further includes
code for causing the first wireless communication device to
receive, from the second wireless communication device, a
UL-based mobility reference signal; and code for causing
the first wireless communication device to perform mobility
management associated with the second wireless commu-
nication device based on the first signal. The computer-
readable medium further includes code for causing the first
wireless communication device to transmit, to the second
wireless communication device, a third signal indicating
handover information for the second wireless communica-
tion device based on the first signal.

[0107] Embodiments of the present disclosure further
include an apparatus including means for transmitting a first
signal carrying a random access sequence and a data; and
means for receiving, from a second wireless communication
device in response to the first signal, a second signal.

[0108] The apparatus further includes wherein the means
for transmitting the first signal includes means for multi-
plexing the random access sequence and the data to produce
a multiplexed signal; and means for transmitting the multi-
plexed signal in a uplink (UL)-centric subframe. The appa-
ratus further includes wherein the multiplexing is a time-
division multiplexing (TDM). The apparatus further
includes wherein the random access sequence is transmitted
in a central time duration of a UL data portion of the
subframe. The apparatus further includes wherein the mul-
tiplexing is a frequency-division multiplexing (FDM). The
apparatus further includes wherein the data includes at least
one of a connection request, tracking area updated informa-
tion, a scheduling request, or an identifier (ID) that identifies
the first wireless communication device in the network, and
wherein the second signal includes at least one of a random
access sequence ID of the random access sequence, timing
advance information, backoff information, or a contention
resolution. The apparatus further includes wherein the first
signal is a UL-based mobility signal, wherein the data
includes an identifier (ID) that identifies the first wireless
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communication device in the network, and wherein the
second signal includes at least one of an acknowledgement
for the first signal or paging information. The apparatus
further includes means for transmitting a UL-based mobility
reference signal; and means for receiving, from the second
wireless communication device, a third signal. The appara-
tus further includes wherein the third signal includes paging
information and UL-based mobility reference signal
acknowledgment.

[0109] Embodiments of the present disclosure further
include means for receiving, by a first wireless communi-
cation device from a second wireless communication device,
a first signal carrying a random access sequence and a data;
and means for transmitting, to the second wireless commu-
nication device in response to the first signal, a second
signal.

[0110] The apparatus further includes means for transmit-
ting at least a random access configuration or a UL-based
mobility configuration, wherein the first signal is received
according to the random access configuration or the UL-
based mobility configuration. The apparatus further includes
wherein the random access configuration indicates a physi-
cal random access channel including a first random access
portion and a first data portion, wherein the UL-based
mobility configuration indicates a physical UL measurement
indication channel including a second random access portion
and a second data portion, wherein the random access
sequence is received in the first random access portion or the
second random access portion, and wherein the data is
received in the first data portion or the second data portion.
The apparatus further includes wherein the data includes at
least one of a connection request, tracking area updated
information, a scheduling request, or an identifier (ID) that
identifies the second wireless communication device in the
network, and wherein the second signal includes at least one
of a random access sequence 1D of the random access
sequence, timing advance information, backoff information,
or a contention resolution. The apparatus further includes
wherein the first signal is a UL-based mobility signal,
wherein the data includes an identifier (ID) that identifies the
second wireless communication device in the network, and
wherein the second signal includes at least one of an
acknowledgement for the first signal or paging information.
The apparatus further includes means for receiving, from the
second wireless communication device, a UL-based mobil-
ity reference signal; and means for performing mobility
management associated with the second wireless commu-
nication device based on the first signal. The apparatus
further includes means for transmitting, to the second wire-
less communication device, a third signal indicating han-
dover information for the second wireless communication
device based on the first signal.

[0111] As those of some skill in this art will by now
appreciate and depending on the particular application at
hand, many modifications, substitutions and variations can
be made in and to the materials, apparatus, configurations
and methods of use of the devices of the present disclosure
without departing from the spirit and scope thereof. In light
of this, the scope of the present disclosure should not be
limited to that of the particular embodiments illustrated and
described herein, as they are merely by way of some
examples thereof, but rather, should be fully commensurate
with that of the claims appended hereafter and their func-
tional equivalents.
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What is claimed is:

1. A method of wireless communication in a network,
comprising:

transmitting, by a first wireless communication device, a

first signal carrying a random access sequence and a
data; and

receiving, by the first wireless communication device

from a second wireless communication device in
response to the first signal, a second signal.

2. The method of claim 1, further comprising transmitting
the first signal by:

multiplexing the random access sequence and the data to

produce a multiplexed signal; and

transmitting the multiplexed signal in a uplink (UL)-

centric subframe.
3. The method of claim 2, further comprising multiplex-
ing the random access sequence and the data based on at
least one of a time-division multiplexing (TDM) or a fre-
quency-division multiplexing (FDM).
4. The method of claim 2, further comprising:
multiplexing the random access sequence and the data
based on a time-division multiplexing; and

transmitting the first signal by transmitting the random
access sequence in a central time duration of a UL data
portion of the subframe.

5. The method of claim 1, further comprising transmitting
the first signal by transmitting the data including at least one
of a connection request, tracking area updated information,
a scheduling request, or an identifier (ID) that identifies the
first wireless communication device in the network, wherein
the second signal includes at least one of a random access
sequence ID of the random access sequence, timing advance
information, backoff information, or a contention resolution.

6. The method of claim 1, further comprising:

transmitting the first signal by transmitting a UL-based

mobility signal including the data, the data including an
identifier (ID) that identifies the first wireless commu-
nication device in the network; and

receiving the second signal including at least one of an

acknowledgement for the first signal or paging infor-
mation.
7. The method of claim 1, further comprising:
transmitting, by the first wireless communication device,
a UL-based mobility reference signal; and

receiving, by the first wireless communication device
from the second wireless communication device, a
third signal.

8. The method claim 7, further comprising receiving the
third signal including paging information and an UL-based
mobility reference signal acknowledgment.

9. A method of wireless communication in a network,
comprising:

receiving, by a first wireless communication device from

a second wireless communication device, a first signal
carrying a random access sequence and a data; and
transmitting, by the first wireless communication device

to the second wireless communication device in
response to the first signal, a second signal.

10. The method of claim 9, further comprising:

transmitting, by the first wireless communication device,

a configuration; and
receiving the first signal according to the configuration.
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11. The method of claim 10, further comprising:

configuring the configuration to indicate a random access

portion and a data portion in a physical random access
channel or a physical UL measurement indication chan-
nel; and

receiving the first signal by receiving the random access

sequence in the random access portion and the data in
the data portion.

12. The method of claim 9, further comprising receiving
the first signal by receiving the data including at least one of
a connection request, tracking area updated information, a
scheduling request, or an identifier (ID) that identifies the
second wireless communication device in the network,
wherein the second signal includes at least one of a random
access sequence ID of the random access sequence, timing
advance information, backoff information, or a contention
resolution.

13. The method of claim 9, further comprising:

receiving the first signal by receiving a UL-based mobility

signal including the data, the data including an identi-
fier (ID) that identifies the second wireless communi-
cation device in the network; and

transmitting the second signal including at least one of an

acknowledgement for the first signal or paging infor-
mation.
14. The method of claim 9, further comprising:
receiving, by the first wireless communication device
from the second wireless communication device, a
UL-based mobility reference signal; and

performing, by the first wireless communication device,
mobility management associated with the second wire-
less communication device based on the first signal.

15. The method of claim 14, further comprising transmit-
ting, by the first wireless communication device to the
second wireless communication device, a third signal indi-
cating handover information for the second wireless com-
munication device based on the first signal.

16. An apparatus comprising:

a transceiver configured to:

transmit a first signal carrying a random access
sequence and a data; and

receive, from a wireless communication device in
response to the first signal, a second signal.

17. The apparatus of claim 16, wherein the transceiver is
further configured to transmit the first signal by:

multiplexing the random access sequence and the data to

produce a multiplexed signal; and

transmitting the multiplexed signal in a uplink (UL)-

centric subframe.

18. The apparatus of claim 17, wherein the multiplexing
is at least one of a time-division multiplexing (TDM) or a
frequency-division multiplexing (FDM).

19. The apparatus of claim 17, wherein the multiplexing
is a time-division multiplexing, and wherein the random
access sequence is transmitted in a central time duration of
a UL data portion of the subframe.

20. The apparatus of claim 16, wherein the data includes
at least one of a connection request, tracking area updated
information, a scheduling request, or an identifier (ID) that
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identifies the apparatus in a network, and wherein the second
signal includes at least one of a random access sequence 1D
of'the random access sequence, timing advance information,
backoff information, or a contention resolution.

21. The apparatus of claim 16, wherein the first signal is
a UL-based mobility signal, wherein the data includes an
identifier (ID) that identifies the apparatus in a network, and
wherein the second signal includes at least one of an
acknowledgement for the first signal or paging information.

22. The apparatus of claim 16, wherein the transceiver is
further configured to:

transmit a UL-based mobility reference signal; and

receive, from the wireless communication device, a third

signal.

23. The apparatus claim 22, wherein the third signal
includes paging information and UL-based mobility refer-
ence signal acknowledgment.

24. An apparatus comprising:

a transceiver configured to:

receive, from a wireless communication device, a first
signal carrying a random access sequence and a data;
and

transmit, to the wireless communication device in
response to the first signal, a second signal.

25. The apparatus of claim 24, wherein the transceiver is
further configured to transmit a configuration, and wherein
the first signal is received according to the configuration.

26. The apparatus of claim 25, wherein the configuration
indicates a random access portion and a data portion in a
physical random access channel or a physical UL measure-
ment indication channel, wherein the random access
sequence is received in the random access portion, and
wherein the data is received in the data portion.

27. The apparatus of claim 24, wherein the data includes
at least one of a connection request, tracking area updated
information, a scheduling request, or an identifier (ID) that
identifies the wireless communication device in a network,
and wherein the second signal includes at least one of a
random access sequence 1D of the random access sequence,
timing advance information, backoff information, or a con-
tention resolution.

28. The apparatus of claim 24, wherein the first signal is
a UL-based mobility signal, wherein the data includes an
identifier (ID) that identifies the wireless communication
device in a network, and wherein the second signal includes
at least one of an acknowledgement for the first signal or
paging information.

29. The apparatus of claim 24, wherein the transceiver is
further configured to receive, from the wireless communi-
cation device, a UL-based mobility reference signal, and
wherein the apparatus further comprises a processor config-
ured to perform mobility management associated with the
wireless communication device based on the first signal.

30. The apparatus of claim 29, wherein the transceiver is
further configured to transmit, to the wireless communica-
tion device, a third signal indicating handover information
for the wireless communication device based on the first
signal.
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