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SHARING OF LONG-TERM EVOLUTION (LTE) UPLINK
SPECTRUM

CROSS REFERENCE TO RELATED APPLICATIONS

16061} The present application claims priority to and the benefit of the U.S. Nonprovisional
Patent Application No. 15/847,214, filed December 19, 2017, and of U.S. Provisional Patent
Application No. 62/491,013, filed Apnil 27, 2017, which are hereby incorporated by reference

in their entirety as if fully set forth below and for all applicable purposes.

TECHNICAL FIELD

{6602] The technology discussed in this disclosure relates generally to wireless
communication systems, and more particularly to allowing a radic access network (RAN) {o
use an additional component carrier for uplink (UL) communications. Fmbodiments enable
and provide sohutions and techniques for improving resource utilization efficiency and UL

coverage.

INTRODUCTION

16603] Wireless communications systems are widely deploved to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources (e.g., time, frequency, and power). Examples of such
multiple-access systems include code division multiple access (CDMA) systeims, time
division multiple access {TDMA) systems, frequency division multiple access (FDMA)
svstems, and orthogonal frequency division multiple access (OFDMA) svstems, {(e.g., a Long
Term Evolution (1. TE) system)}. A wireless multiple-access communications system may
include a number of base stations (BSs), each simultanecusly supporting communication for
multiple communication devices, which may be otherwise known as user equipment (UE).
[0004] To meet the growing demands for expanded connectivity, wireless communication
technologies or radio access technologies are advancing from the LTE technology o a next
generation new radio {NR) technology. One technique for expanding connectivity may be o
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extend the frequency operation range to higher frequencies since the lower frequencies are
beconnng over-crowded. For example, LTE may operate between a low-frequency range
{e.g., below 1 gigahertz (GHz7)) to a mid-frequency range (e.g., between about 1 GHz to about
3 GHz) and the next generation NR may operate 1n a high-frequency range {e.g., between
about 3 GHz to about 30 GHz).

[6605] While L'TE deployments continue to grow and expand and in transition to the next
generation NR, the support for coexistence between LTE and NR may be important. One
approach to providing coexistence 15 to continue to operate LTE devices over LTE
component carriers and additionally operate NR devices over NR component carriers separate
from the LTE component carriers. Another approach is to allow dual connectivity over LTE
and NR, where a device supporting both LTE and NR connectivily can gain initial access to
an LTE network via an LTE primary cell (PCell) {e.g.. on LTE component carriers) and
subsequently be configured to add a secondary cell (8Cell} {e.g, on an NR component
carrier) for NR operations. As such, dual-connectivity devices can take advantage of both
LTE and NR component carriers, whereas NR devices are limited to operate over NR

component carriers.

BRIEF SUMMARY OF SOME EXAMPLES

[6606] The following surnmarizes some aspects of the present disclosure to provide a basic
wnderstanding of the discussed technology. This swmmary is not an extensive overview of all
contemplated features of the disclosure, and is intended neither to idenufy key or critical
elements of all aspects of the disclosure nor to delineate the scope of any or all aspects of the
disclosure. lis 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 i1s presented
later.

[6607] Embodiments of the present disclosure provide mechanisms for a user equipment
{UE) of a particular time-division duplexing (TDD) radio access technology (e.g., a new radio
{(NR}-based technologv) to gain initial network access via an additional component carrier,
such as a long-term~-evolution {LTE) uplink (UL} component carrier. For example, an NR
network may operate in a TDD mode and pair a higher frequency NR component carrier with
one or more lower frequency component carriers. An NR base station (BS) may indicate
random access resources in a lower frequency UL component carrier. An NR UE may

transmit a random access request using the lower frequency UL component carrier based on
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the indication. The random access procedure may be completed using the lower {requency
UL component carrier for UL commumications and using a higher frequency NR component
carrier for DL commumications. Upon completion, the NR BS may configure the NR UE to
confinue to use the Jower frequency UL component carrier or switch to the higher frequency
NR component carrier for UL coromunications.

[G008} For example, in an aspect of the disclosure, a method of wireless communication
including transmutting, by a first wireless commurication deviee in a first frequency band, a
random access request to a first network; and recetving, by the first wireless communication
device in response 1o the random access request. a random access response from a second
wireless communication device of the first network, wherein the random access response is in
a second frequency band allocaied to the first network for time-~division duplexing (TDD)
communications, the second frequency band being different than the first frequency band.
6609} In an additional aspect of the disclosure, a method of wireless communication
including receiving, by a first wireless communication device from a second wireless
communication device 1n a first frequency band, a random access request to a first network;
and transmitting, by the first wireless communication device to the second wireless
communication device in response to the random access request, a random access response,
wherein the random access response 15 1n a second frequency band allocated o the first
network for time-division duplexing (TDD) communications, the second frequency band
being different than the first frequency band.

(6818} In an additional aspect of the disclosure, an apparatus including a transceiver
configured to transmit, in a {irst frequency band, a random access request (o a first network;
and recetve, in response to the random access request, a random access response from a
second wireless communication device of the first network, wherein the random access
response 1s i a second frequency band allocated to the first network for time-division
duplexing (TDD) communications, the second frequency band being different than the first
frequency band.

{6611} In an additional aspect of the disclosure, an apparatus including a transceiver
configured to recetve, from a second wireless communication device in a first frequency
hand, a random access request 1o a first network; and transmit, to the second wireless
communication device in response to the random access request, a random access response,
wherein the random access response 15 1n a second frequency band allocated to the first
network for tirne-division duplexing (TDD) communications, the second frequency band

being different than the first frequency band.

[a)
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16612] 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 advantageous 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 1n 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 it should be understood that such exemplary

embodiments can be implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[6613] FIG. 1 illustrates a wireless communication network according to embodiments of the
present disclosure,

[6014] FIG. 2 dlustrates a frequency band usage scenario for operating long-term evolution
(LTE) devices and new radio (NR} devices according to embodiments of the present
disclosure.

[B015] FIG. 3 illustrates a frequency band usage scenario for operating dual-connectivity
devices according to embodiments of the present disclosure.

16816} FIG. 4 illustrates an initial NR network access method that shares an LTE uplink (UL}
frequency spectrum according to embodiments of the present disclosure.

[6617] FIG. 5 dlustrates an intial NR network access method that shares an LTE UL
frequency spectrum according to embodiments of the present disclosure.

[B018] FIG. 6 15 a block diagram of an exemplary user equipment (UE) according to
embodimenis of the present disclosure.

16619} FIG. 7 15 a block diagram of an exemplary base station (BS) according to
embodiments of the present disclosure.

[6026] FIG. 8 illustrates a signaling diagram of a method for performing an tmitial access to
an NR network using an LTE UL frequency band according to embodiments of the present
disclosure.

(3021} FIG. 9 15 a low diagram of a method of performing an imitial network access to an NR

network according to embodiments of the present disclosure.
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16622} FIG. 10 15 a flow diagram of a method of perfornung an mitial network access to an

NR network according to embodiments of the present disclosure.

DBETAILED DESCRIPTION

[6623] The detailed description set forth below, in conmection with the appended drawings, is
intended as a description of various configurations and s 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 vanious concepts. However, it will be apparent to those skilled in the art that these
concepts may be practiced without these specific detatls. In some instances, well-known
structures and components are shown in block diagram form in order to avoid obscuring such
concepts.
16624} Techniques described herein may be used for various wireless communication
networks such as code-division multiple access {CDMA), time-division multiple 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
mcludes Wideband CDMA (WCDMA) and other variants of CDMA. ¢dma2(00 covers 18-
2000, 18-95 and 15-856 standards. A TDMA network may implement a radio technology such
as Global System for Mobile Communications (GSM). An OFDMA network may implement
aradio technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB3,
IEEE 802,11 (W1i-F1), IEEE 802.16 (WiMAX), {EEE 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-
JTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documenis from
an organization named “3rd Generation Partnership Project” (3GPP). CDMAZ000 and UMB
are described in documents from an organization named “3rd Generation Partnership Project
27 (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) operating in mmWave bands) network.
{6628] While aspects and embodiments are described in this application by illustration to

some examples, those skilled i the art will onderstand that additional implementations and
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use cases may come about in manv different arrangements and scenarios. Innovations
described herein may be implemented across many differing platform types, devices, systens,
shapes, sizes, packaging arrangements. For example, embodiments and/or uses may come
about via integrated chip embodiments and other non-module-component based devices (e.g.,
end-user devices, vehicles, communication devices, computing devices, industrial equipment,
retail/purchasing devices, medical devices, Al-enabled devices, etc.). While some examples
may or may not be specifically directed to use cases or applications, a wide assortment of
applicability of described mnovations may occur. Implernentations may range a spectrum
from chip-level or modular components to non-modular, non-chip-level implementations and
further to aggregate, distiibuted, or OEM devices or systems incorporating one or more
aspects of the described innovations. Tn some praciical settings, devices incorporating
described aspects and features may also necessanly include additional components and
features for implementation and practice of claimed and described embodiments. For
example, transmission and reception of wirgless signals necessarily includes a number of
components for analog and digital purposes {e.g., hardware components mcluding antenna,
RF-chains, power amplifiers, modulators, buffer, processor(s), interieaver, adders/summers,
etc.}. It is intended that innovations described herein may be practiced in a wide variety of
devices, chip-level components, systems, distributed arrangements, end-user devices, etc. of
varying sizes, shapes, and constitution.
[6626] The present disclosure describes mechamisms for an NR network to use an additional
component carrier or frequency band for UL communications. In some disclosed
embodiments, an NR network may operate over an NR frequency band paired with one or
more additional UL frequency bands (e.g.. LTE UL frequency bands). The NR network may
operate in a TDD mode. The NR frequency band may be located at higher frequencies than
the additional UL frequency bands. The NR frequency band may include frequencies higher
than a frequency threshold (e.g., at abowt 3 GHz). The additional UL frequency bands may
include frequencies lower than the frequency threshold. A BS of the NR network may
broadcast system information including a random access configuration. The random access
configuration may indicate resources for performing a random access procedure to gain irutial
access to the NR network. The random access resources may be in one of the additional UL
frequency bands.
[6627] To gain mitial access to the NR network, a UE may transmit a random access reqguest
{e.g., a random access preamble signal), The random access request may be in the additional
UL frequency band and the BS may respond by transmitting a random access response in the
6
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NR frequency band. Subsequently, the UE may transmuat a connection request in the
additional UL frequency band to establish a connection with the BS. The BS may respond by
transmitiing a connection response in the NR frequency band. After establishing a
connection, the BS may reconfigure the UE to use the NR frequency band for UL
communications or configure the UE to continue to use the additional UL frequency band for
UL communications. In some embodiments, when the one or more UL frequency bands are
shared with another network (e.g., as an LTE network), the NR BS may negotiate or
coordinate with the other network 1o gain access 1o the additional frequency bands.
16628] Aspects of the present disclosure can provide several benefits. For example, sharing
LTE UL frequency bands can allow an NR network to use available resources in LTE UL
frequency bands that may otherwise be underutilized. In addition, NR frequency bands may
have high path loss and may be less stable than the LTE UL frequency bands due to high
frequencies. Thus, the use of the lower frequency LTE UL frequency band or additional
tower frequency UL frequency bands for UL commumications during the initial network
access procedure can improve NR network UL coverage. The disclosed emboduments allow
for coexistence between NR networks and LTE networks. The disclosed embodiments can
minimize changes in the NR physical layer for supporting coexistence. The disclosed
embodiments may not have signtficant impact to legacy LTE devices operating over LTE
component carrers. The disclosed embodiments can also support dual-connectivity devices
that support simultaneous LTE and NR connections.
[6622] While the disclosed embodiments are described in the context of an NR network
sharing LTE UL resources, implementations may occur in other scenarios too. For example,
some disclosed embodiments may be applied to enable a TDD network to utilize an additional
UL frequency band, which may or may not be shared with another network, to improve UL
coverage. Thus, in some instances, the LTE UL frequency bands may refer to UL frequency
bands without the deployment of an LTE network.
[6G30] FIG. 1 illustrates a wireless communication network 100 according to embodiments of
the present disclosure. The network 100 includes BSs 105, UEs 115, and a core network 130,
The network 100 may be a cellular network or a non-cellular wireless network. For example,
the network 100 may be a LTE network, a LTE-A network, a millimeter wave (numW)
network, a new radio (NR) network, a 5G network, P2P network, mesh network, D2D where
devices comnunication with each other, or any other successor network to LTE.
Alternatively, the network 100 may be a unified network supporting multiple radio access
technologies (RATs), such as both LTE and NR. A BS 105 may be a station that
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commumnicates with the UEs 115 and moay also be referred to as a base transceiver station, a
node B, an Evolved Node B (eNodeB) or a next Generation Node B (gNB). an access point,
and the like.
0031} The BSs 105 may wirelessly communicate with the UEs 115 via one or more BS
antennas. Each BS 105 may provide conununication coverage for a respective geographic
coverage area 110, In 3GPP, the term “cell” can refer to this particular geographic coverage
area of a BS and/or a BS subsysiem serving the coverage area, depending on the context in
which the term is used. In this regard. a BS 105 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
arelatively large geographic area (e.g., several kilometers in radius) and may allow
unresiricted 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
unrestricted access, may also provide restricted access by UEs having an association with the
femto cell (e.g., UEs in a closed subscriber group (CSG), UFs for users in the home, and the
like}. A BS for a macro cell may be referred {0 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 ahome
BS. In the example shown in FIG. 1, the BSs 103a, 105b and 105¢ are examples of macro
BSs for the coverage areas 110a, 110b and 110c¢, respectively. The BSs 105d is an example
of a pico BS or a femto BS for the coverage area 110d. As will be recognized, a BS 105 may
support one or multiple {e.g., two, three, four, and the like} cells.
16632] Communication links 125 shown in the network 100 may include uplink (UL)
transmissions from a UE 115 to a BS 103, or downlink (DL} transmussions, from a BS 105 to
aUE 115, The UEs 113 may be dispersed throughout the network 100, and each UE 115 may
be stationary or mobile. A UE 115 may also be referred to 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 ternmunal, a mobile terminal, a wireless ternunal, a remote terminal, a
handset, a user agent, a mobile client, a client, or some other suitable terminology. A UE 115
may also be a cellular phone, a personal digital assistant (PDA), a wireless moderm, a wireless
communication device, a handheld device, a tablet computer, a lapiop compuier, a cordless
phone, a personal electronic device, a handbheld device, a personal computer, a wireless local
toop {WLL) station, an Intemet of things (JoT) device, an Intemet of Everything (IloF) device,
8
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a machine type comnumication {(MTC) device, an appliance, an automobile, an entertainument
device. medical device, wearable device, industrial equipment, or the like.

[3633] The BSs 105 may communicate with the core network 130 and with one another. The
core network 130 may provide user aunthentication, access authorization, tracking, Internet
Protocol {IP) connectivity, and other access, routing, or mobility functions. At least some of
the BSs 105 (e.g., which may be an example of an evolved NodeB (eNB) or an access node
controller (ANC)) may inierface with the core network 130 through backhaul links 132 (e.g.,
S1, 82, etc.) and may perform radio configuration and scheduling for communication with the
UEs 115, In various examples, the BSs 105 may conununicate, either directly or indirectly
(e.g., through core network 130}, with each other over backhaul links 134 {e.g., X1, X2, eic),
which may be wired or wireless commumication links.

{0034} Each BS 105 may also communicate with a nurnber of UEs 115 through a number of
other BSs 105, where the BS 105 may be an example of a smart radio head. In alternative
configurations, various functions of each BS 105 may be distributed across various BSs 105
{e.g., radio heads and access network controllers) or consolidated into a single BS 105,

16635] In some implementations, the network 100 utilizes orthogonal frequency division
multiplexing (OFDM) on the downlink and single-carrier frequency division multiplexing
(SC-FDM) oun the UL, OFDM and SC-FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also comumonly referred 1o as tones, bins, or the like. Fach
subcarrier may be modulated with data. In general, 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 svstem bandwidth. The system bandwidth may also be partitioned into subbands.
[3636] In an embodiment, the BSs 105 can assign or schedule transmission resources (e.g., in
the form of tirne-frequency resource blocks) for DL and UL transmussions in the network 100,
I3, refers to the transmission direction from a BS 105 t0 a UE 115, whereas UL refers to the
transmission direction from a UE 115 t0 a BS 105, The communication can be in the form of
radio frames. A radio frame may be divided into a plurality of subframes, for exampie, about
10. Each subframe can be divided into slots, for example, about 2. In a frequency-division
duplexing (FDD) mode, simultaneous UL and DL transmissions may occur in different
frequency bands. For example, each subframe includes a UL subframe in a UL frequency
band and a DL subframe in a DL frequency band. In a time-division duplexing (TDD) mode,
UL and DL transnussions occur at different tirne periods using the same frequency band. For

example, a subset of the subframes (e.g., DL subframes) in a radio frame may be used for DL
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transnissions and another subset of the subframes (e.g., UL subframes) in the radio frame
may be used for UL transmissions.
[6637] 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 transmissions of
reference signals, control information, and data. Reference signals are predeternined signals
that facilitate the communications between the BSs 105 and the UEs 115, 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. For example, a BS 105 may transmit cell-specific reference signals
(CRSs} and/or channel state information —reference signals {CSI-RSs} to enable a UE 115 to
estimnate a DL channel. Simlarly, a UE 115 may transmit sounding reference signals (SRS8s)
to enable a BS 105 to estimate a UL channel. Control information may include resource
assignments and protocol controls. Data may include protocol data and/or operational data.
In some embodiments, the BSs 105 and the UEs 115 may communicate using self-contained
subframes. A self-contained subframe may include a portion for DL comnumication and a
portion for UL communication. A self-contained subframe can be DL-centric or UL-centric.
A DL-centric subframe may include a longer duration for DL communication tha UL
communication. A UL-centric subframe may include alonger duration for UL
communication tha UL comumunication.
[GG38] In an embodiment, the BSs 105 can transmit synchronization signals (e g.. including a
primary synchronization signal (PSS) and a secondary synchronization signal (885)) in the
network 100 {o facilitate synchromzation. The BSs 105 can broadcast system information
associated with the network 100 (e g, including a master information block (MIB}, remaining
minimum system information {RMS1), and other system information (O81)) to facilitate initial
network access.
(0039} In an embodiment, a UE 1135 attempting to access the network 100 may perform an
initial cell search by detecting a PSS from a BS 105, The PSS may enable synchronization of
period timing and may indicate a physical layer identity value. The UE 115 may then receive
a 8S8. The SSS may enable radio frame svochronization, and may provide a cell identity
value, which may be combined with the physical layer identity value to identify the cell. The
SS8S may also enable detection of a duplexing mode and a cyclic prefix length. Some
systems, such as TDD systems, may transmit an SSS but not 2 PSS, Both the PSS and the
S88 may be located 1n a central portion of a carrier, respectively. After receiving the PSS and
§88, the UE 115 may receive a MIB, which may be transmitted in the physical broadcast
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channel (PBCH). The MIB may imclude system information for irutial network access and
scheduling information for RMSI and/or O8I After decoding the MIB, the UE 105 may
receive RMSI and/or OS1. The RMSI and/or OSI may include radio resource configuration
{(RRC) configuration information related to random access channel (RACH) procedures,
paging, physical uplink countrol channel (PUCCH), physical uplink shared charnel (PUSCH).
power control, SRS, and cell barring. After obtaining the MIB and/or the SiBs, the UE 115
can perform random access procedures (o establish a commection with the BS 105, After
establishing the connection, the UE 115 and the BS 105 can enter a normal operation stage,
where operational data may be exchanged.

[3340] In some embodiments, the network 100 may be a unified network supporting both
LTE and NR. In such embodiments, the network 100 may operate over an LTE spectrum or
LTE component carriers and an NR spectrum or NR component carriers. The LTE spectrum
may include low-frequency bands that are below 1 GHz and mid-frequency bands that are
between about 1 GHz to about 3 GHz. The NR spectrum may include sub-6 GHz frequency
bands and mullimeter wave bands. The BSs 105 may nclude LTE BSs and NR BSs. Insome
embodiments, LTE BSs and NR BSs may be co-located. For example, the BSs 105 may
employ the same hardware to implement both LTE and NR by executing different software
components or stacks for LTE and NR. Tn addition, the UEs 115 may include standalone
LTE devices and standalone NR devices. Standalone LTE devices support LTE
connectivity, but not NR. Conversely, standalone NR devices support NR connectivity, but
not LTE. Altematively, some UEs 115 may support dual LTE-NR connectivity. The
communication mechanisms and frequency band plans for the various combinations of
connectivity are described in greater detail heremn.

[6641] FIGS. 2 and 3 iHustrate frequency band plans that may be employed by the network
100 to support LTE-NR coexistence in an area. In FIGS. 2 and 3, the x-axes represent
frequencies in some constant units.

10642} FIG. 2 illustrates a frequency band usage scenario 200 for operating LTE devices and
MR devices according io embodiments of the present disclosure. The standalone or legacy
LTE devices and the standalone NR devices may correspond to the UEs 115, The standalone
LTE devices may communicate with LTE BSs simular to the BSs 105 based on the LTE
communication protocol for initial network access and subsequent normal operations. The
standalone NR devices may communicate with NR BSs similar o the BSs 105 based on the

NR commumnication protocol for mitial network access and subsequent normal operations.
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16643} The scenarnio 200 includes an LTE UL component carrier or frequency band 202, an
LTE DL component carnier or frequency band 204 and an NR component cartier or frequency
band 206. The LTE frequency bands 202 and 204 are in a frequency range 208, which may
be between about 700 megahertz (MHz) to about 3 GHz. The LTE UL frequency band 2021s
tvpically located at lower frequencies than the LTE DL frequency band 204. The NR
frequency band 206 is in a frequency range 209, which may be in a sub-6 GHz band or a
millimeter wave band. In some embodiments, the LTE UL frequency band 202 may be
located below 1 GHz, the LTE DL frequency band 204 may be located around 2 GHz, and the
R frequency band 206 may be located around 3.5 GHz. While FiG. 2 illustrate one LTE UL
frequency band 202, one LTE DL frequency band 204, and one NR frequency band 206 for
purposes of simplicity of discussion, though it will be recognized that embodiments of the
present disclosure may scale to many more LTE UL frequency bands 202 and/or LTE DL
frequency bands 204 in the frequency range 208 and/or many more NR frequency bands 206
in the frequency range 209.

16644] The LTE UL frequency band 202 and the LTE DL frequency band 204 may be used
by an LTE network for LTE communications in a frequency-division duplexing (FDD) mode.
For example, the LTE UL frequency band is used for LTE UL communications 210. The
LTE DL frequency band 204 is used for LTE DL communications 212, A standalone LTE
device may mitiate an access to the LTE network by transmitting a random access request in
the frequency band 202 and an LTE BS of the network may respond by transmitting a random
access response in the freguency band 204, Subsequently, the LTE device may fransmit a
connection request in the frequency band 202 and the LTE BS may respond with a connection
response in the frequency band 204, After establishing a connection, the LTE BS and the
LTE device may communicate over the frequency bands 202 and 204.

(0845} The NR frequency band 206 may be used by an NR network for NR cornmunications
220 1n a ime-division duplexing (TDD) mode. A standalone NR device may imtiate an
access to the NR network by transmitting a randorm access request in the frequency band 206
in a UL penod or subframe and an NR BS of the network may respond by transmiiting a
random access response in the frequency band 206 during a DL period or subframe.
Subsequently, the NR device may transmit a connection request in the frequency band 206
during a UL period and the NR BS may respond with a connection response in the frequency
band 206 during a DL period. After establishing a connection, the NR BS and the NR device

may communicate over the frequency bands 206 according to a TDD subframe configuration.
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16646] FIG. 3 illustrates a frequency band usage scenario 300 for operating dual-connectivity
devices according to embodiments of the present disclosure. The scenario 300 includes a
simiiar frequency band configuration as the scenario 200, but ilustrates the use of the LTE
frequency bands 202 and 204 and the NR frequency band 206 to support dual LTE-NR
connectivity. While FIG. 3 llustrate one LTE UL frequency band 202, one LTE DL
frequency band 204, and one NR frequency band 206 for purposes of simplicity of discussion,
though 1t will be recognized that embodiments of the present disclosure may scale to many
more LTE UL frequency bands 202 and/or LTE DL frequency bands 204 in the frequency
range 208 and/or many more NR frequency bands 206 in the frequency range 209.
{6647 In the scenario 300, the LTE frequency bands 202 and 204 may be designated for use
by an LTE primary cell (PCell) and the NR frequency band 206 may be designated for use by
a secondary cell (8Celi). A dual LTE-NR device similar to the UEs 115 mayv initiate an initial
network access over the LTE PCell. For example, the dual LTE-NR may employ similar
mechanisms as the standalone LTE device described above, where random access and
connection requests {e.g., LTE UL communications 310} and responses {e.g.. LTE DL
communications 312) may be exchanged over the frequency bands 202 and 204, respectively.
After gaining access to the network in the PCell, the network can configure the dual LTE-NR
device 1o add an SCell for DL communications 314 over the NR frequency band 206.
(0048} Some studies show that LTE UL spectrums may be underutilized. Thus, allowing NR
networks to share the LTE UL spectrums may improve spectrum or resource utilization
efficiency. In addition, NR networks typically operale over high-frequency bands or
millimeter wave bands with sigmificantly higher path loss than the LTE mud-frequency bands
or LTE low-trequency bands. The high path loss may cause difficulties for UEs such as the
UEs 115 to gain initial access or establish connections with BSs such as the BSs 105 in NR
networks. Thus, allowing NR devices or UEs to inttiate a network access over the LTE UL
spectrums ray improve UL coverage. FIGS. 4 and 5 illustrate various mechanisms for
standalone NR devices 1o access an NR network using a shared LTE UL frequency spectrum,
In FIGS. 4 and 5, the x-axes represent frequencies in some constant unifs.
16649 FIG. 4 llustrates an initial NR network access method 400 that shares an LTE UL
frequency spectrum according to embodiments of the present disclosure. The method 400 is
described in the context of a similar frequency band configuration as the scenarios 200 and
300, However, in the method 400, the LTE UL frequency band 202 is shared between an
LTE network and an NR network., While FIG. 4 iltustrate one LTE UL frequency band 202,
one LTE DL frequency band 204, and one NR frequency band 206 for purposes of simplicity
i

43



WO 2018/200117 PCT/US2018/024956

of discussion, though it will be recognized that embodiments of the present disclosure may
scale to many more LTE UL frequency bands 202 and/or LTE DL frequency bands 204 i the
frequency range 208 and/or many more NR frequency bands 206 in the frequency range 209.
30358 For example, the LTE frequency bands 202 and 204 are designated to or licensed by
the LTE network and the NR frequency band 206 1s designated to or licensed bv the NR
network. In some embodiments, the NR network operator may have an agreement with the
LTE network operator to share the LTE UL frequency band 202 for NR UL communications.
In some other embodiments, the same operator may operate both the NR network and the
LTE network. The NR BSs and LTE BSs may coordinate with each other to share the LTE
UL subframes in the LTE UL frequency band 202. The coordination may be performed via a
backhaul connection or via a central authority. The NR network may cormmunicate UL
communications 410 in the LTE UL frequency band 202 based on the coordination and
communicate DL communications 412 the NR frequency band 206. The LTE network may
commumnicate UL communications similar to the UL communications 210 {not shown) in the
LTE UL frequency band 202 based on the coordination and conununicates DL
communications 212 in the LTE DL frequency band 204.
[6651] In an embodiment, a standalone NR device similar to the UEs 115 mayv perform a
random access procedure to establish a connection with an NR BS of the NR network using
the LTE UL frequency band 202 and the NR frequency band 206, The NR network may
broadcast random access configuration information indicating the NR frequency band 206
and certain resources in the LTE UL frequency band 202. A standalone NR device listens to
the random access configuration information and transmits a random access request in the
LTE UL frequency band 202 accordingly. In response, the NR BS transnuts a random access
response in the NR frequency band 206. Subsequently, the NR device may transmit a
connection request in the LTE UL frequency band 202 and the NR BS may respond with a
connection response in the NR frequency band 206, After establishing a connection, the NR
BS may configure the NR device to communicate over the LTE UL frequency bands 202
and/or the NR frequency band 206 for UL communications. The use of the LTE UL
frequency band 202 for initial NR network access 1s described in greater detail herein.
16652] FIG. 5 illustrates an mitial NR network access method 500 that shares an LTE UL
frequency spectrum according to embodiments of the present disclosure. The method 500 is
similar to the method 400. However, in the method 500, an NR network may pair nudtiple
LTE UL frequency bands 202 of one or more LTE networks with the NR frequency band
206, As shown, the LTE frequency range 208 includes a plurality of LTE UL frequency
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hands 202 (e.g., shown as 202u; to 202uy) that may be paired with the NR frequency band
206. The LTE frequency range 208 may include additional LTE UL frequency bands and/or
LTE DL frequency bands similar to the LTE DL frequency bands 204, Similarly, the NR
frequency range 209 may include additional NR frequency bands similar to the NR frequency
bands 206,

[G653] In an embodiment, an NR BS of the NR network may broadcast random access
configuration information indicating the NR frequency band 206 and resources in multiple
LTE UL frequency bands 202, A standalone NR device capable of operating i the LTE UL
frequency bands 202 may select a resource from one of the LTE UL frequency bands 202 for
an initial network access. As an example, the standalone NR device may select a resource
from the LTE UL frequency band 202wy, {o transmit a random access request {e.g., the UL
communications 410). Sumlar to the method 400, the NR BS may respond by transmitting a
random access response {(e.g., the DL communications 412} in the NR frequency band 206,
The random access response may indicate a transmission resource in one of the LTE UL
frequency bands 202 allocated for the NR device. For example, the transmussion resource
may be in the same LTE UL frequency band 202w, or a different LTE UL frequency band
{e.g., the LTE UL frequency band 202uy). The NR device may transmit a connection request
{e.g., the UL communications 410) using the allocated transmission resource. The NR BS
may respond with a connection response (e.g., the DL conununications 412) in the NR
frequency band 206.

16054} FIG. 6 s a block diagram of an exemplary UE 600 according to embodiments of the
present disclosure. The UE 600 may be a UE 115 as discussed above. As shown, the UE 600
may include a processor 602, a memory 604, a spectrum sharing module 608, a transceiver
610 mcluding a modem subsystem 612 and a radio frequency {RF) unit 614, and an antenna
616. These elements mway be in direct or indirect commumication with each other, for
example via one or more buses.

16055} The processor 602 may include a ceniral processing unit (CPU), a digital signal
processor (DSP), an application-specific integrated circut (ASIC), a controller, a field
progranmunable gate array (FPGA) device, another hardware device, a firraware 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 nHcroprocessors in

comjunction with a DSP core, or any other such configuration.
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10056 The memory 604 may include a cache memory (e.g., a cache memory of the processor
602), random access memory {(RAM), magnetoresistive RAM (MRAM), read-onlv memory
(ROM}, programmable read-only memory (PROM), erasable programmable read only
memory (EPROM), electrically erasable programmable read only memory (EEPROM), flash
mermory, solid state memory 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 604
imcludes a non-transitory  computer-readable medium.  The memory 604 may store
istructions 606. The instructions 606 may nclude instructions that, when executed by the
processor 602, cause the processor 602 to perform the operations described herein with
reference to the UEs 115 in connection with embodiments of the present disclosure.
Instructions 506 may also be referred o as code. The terms “instructions” and “code” should
be mnterpreted broadly to include any type of computer-readable statement(s). For example,

>

the terms “instructions” and “‘code” may refer to one or more programs, roufines, sub-
routines, functions, procedures, etc. “Instructions”™ and “code” may include a single computer-
readable statement or many compuier-readable statements.

[6657] The spectrum sharing module 608 may be implemented via hardware, software, or
combinations thereof. For example, the spectrum sharing module 608 may be implemented
as a processor, cireuit, and/or msiructions 606 stored 1n the memory 604 and executed by the
processor 602, The spectrumn sharing module 608 may be used for various aspects of the
present disclosure. For example, the spectrum sharing module 608 is configured to listen fo
the network for system information broadeast. The system information may indicate random
access resources in shared LTE UL frequency bands such as the LTE UL frequency bands
202. The spectrum sharing module 608 is further configured to perform initial network
access by transmifting random access requesis and connection requests in the LTE UL
frequency bands and recetving random access responses and connection responses from an
NR frequency band such as the NR frequency band 206 as described above with respect to the
methods 400 and 500 and as described in greater detail herein.  The spactrum sharing module
608 is further configured {o receive UL data transmission configurations and perform UL data
transoissions according to the received UL data transnussion configurations.

16658] 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 BSs 105, The modem subsysiem 612 may be configured to modulate
and/or encode the data from the memory 604 and/or the spectrum sharing module 608
according to a modulation and coding scheme (MCS), eg, a low-density parity check
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(LDPC) coding scheme, a turbo coding scheme, a convolutional coding scheme, a digital
beamforming scheme, etc. The RF unit 614 may be configured fo process (e.g., perform
analog to digital conversion or digital to analog conversion, etc.) modulated/encoded data
from the modem subsystem 612 {on outbound iransmissions) or of transmussions originating
from another source such as a UE 115, The RF umit 614 may be further configured to
perform analog beamforming in conjunction with the digital beamforming. Although shown
as ntegrated together n transceiver 610, the modem subsvstem 612 and the RF unit 614 may
be separate devices that are coupled together at the UE 115 1o enable the UE 115 1o
communicate with other devices.

[6659] 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
mformation), to the antenna 616 for transnussion to one or more other devices. This may
include, for example, transmission of channel reservation signals according to embodiments
of the prasent disclosure. The antenna 616 may further receive daia messages {ransmitted
frora other devices. This may nclude, for exaraple, reception of chamnel reservation signals
according to embodiments of the present disclosure. The antenna 616 may provide the
received data messages for processing and/or demodulation at the transcetver 610, Although
FIG. 6 Hustrates antenna 616 as a single antenna, anfenna 616 may include multiple antennas
of simular or different designs in order to sustain roultiple transmussion links. The RF unit
614 may configure the antenna 616

16060} FIG. 7 15 a block diagram of an exemplary BS 700 according to embodiments of the
present disclosure. The BS 700 may be a BS 105 as discussed above. A shown, the BS 700
may include a processor 702, a memory 704, a spectrum sharing module 708, a transceiver
710 mecluding 2 modem subsystem 712 and a RF wnit 714, and an antenna 716, These
elements may be in direct or indirect commumnication with each other, for example via one or
more buses.

[6661] The processor 702 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 702 may also be implemented as a combination of
computing devices, ¢.g., a combination of a DSP and a microprocessor, a plurality of
MICTOPIOCESSOTs, ONe OF MOore Mmicroprocessors in conjunction with a PSP core, or any other

such configuration.
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100621 The memory 704 may include a cache memory (e.g., a cache memory of the processor
702), RAM, MRAM, ROM, PROM, EPROM, EEPROM, flash memory, a solid state memory
device, one or more hard disk drives, memristor-based arrays, other forms of volatile and
non-volatile memory, or a combination of different types of memory. Tn some embodiments,
the memory 704 may include a non-transitory computer-readable medium. The memory 704
may store instructions 706. The mstructions 706 may include instructions that, when executed
by the processor 702, cause the processor 702 to perform operations described herein,
Instructions 706 may also be referred to as code, which may be interpreted broadly to include
any tvpe of compuier-readable statement(s) as discussed above with respect to FiG. 7.

0863} The spectrum sharing module 708 may be implemented via hardware, software, or
combinations thereof. For example, the spectrum sharing wodule 708 may be implemented
as a processor, circuit, and/or instructions 706 stored 1n the memory 704 and executed by the
processor 702, The spectrum sharing module 708 may be used for various aspects of the

present disclosure.  For example,

the spectrom sharing module 708 is configured to
coordinate with LTE BSs such as the BSs 105 for access to an LTE UL spectrum or one more
LTE UL frequency bands such as the LTE UL frequency bands 202 and/or receive rules
and/or protocols for sharing an LTE UL spectrum.  The spectrum sharing module 708 is
further configured fo configure resources in LTE UL frequency bands and broadcast system
mformation indicating the coofigured resources. The svstem information may include
random access configuration information, such as random access resources, random access
preamble configurations, and/or random access rules. The spectrum sharing module 708 is
further configured to monitor for random access requests or random access preambles in the
configured random access resources, for example, in LTE UL frequency bands, respond to
random access requests in an NR frequency band such as the NR frequency band 206,
configure resources for connection requests, and respond to connection requests in the NR
frequency band, as described in greater detail herein.

6064} As shown, the transceiver 710 may mclude the modem subsystem 712 and the RF unit
714. The transceiver 710 can be configured to communicate bi-directionally with other
devices, such as the UFEs 115 and/or another core network element. The modern subsystem
712 may be configured to modulate and/or encode data according to a MCS, e g, a LDPC
coding scheme, a turbo coding scheme, a convolitional coding scheme, a digital
beamforming scheme, eic. The RF unit 714 may be configured to process (e.g., perform
analog to digital conversion or digital to analog conversion, efc.) modulated/encoded data

from the modem subsystem 712 (on outbound transmissions} or of {ransmissions originating
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frora another source such as a UE 115, The RF unit 714 may be further configured to
perform analog beamforming in conjunction with the digital beamforming.  Although shown
as integrated together in transceiver 710, the modem subsystem 712 and the RF unit 714 may
be separate devices that are coupled together at the BS 105 {o enable the BS 105 to
communicate with other devices.
[6665] The RF unit 714 may provide the modulated and/or processed data, e.g. data packets
{or, more generally, data messages thalt may contain one or more data packets and other
information}, to the antenna 716 for transnission fo 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 115 according to embodiments of the present disclosure,
The antenna 716 may further receive data messages transmiited from other devices and
provide the received data messages for processing and/or dernodulation at the transceiver 710,
Although FIG. 7 illustrates antenna 716 as a single antenna, antenna 716 may include
multiple antennas of similar or different designs in order fo sustam multiple transmission
hinks.
[6666] FIG. % illustrates a signaling diagram of a method 800 for performing an initial access
to an NR network using an LTE UL frequency band according to embodiments of the present
disclosure. Steps of the method 800 can be executed by computing devices {(e.g., a processor,
processing circuit, and/or other suitable component) of wireless communication devices, such
as the BSs 105 and 700 and the UEs 115 and 600. The method 800 can be better understood
with reference to FIGS. 4 and 3. As illustrated, the method 800 includes a number of
emumerated steps, but embodiments of the method 800 may include additional steps before,
after, and in between the emumerated steps. In some embodiments, one or more of the
enumerated steps may be omitted or performed in a different order. The method 800
tHustrates one NR BS and one standalone NR UE for purposes of simplicity of discussion,
though it will be recogmzed that erabodirents of the present disclosure may scale to many
more UEs and/or BSs.
[6667] At step 805, a BS of an NR network {e.g.. the network 100} broadcasts system
imformation associated with the NR network in an NR frequency band (e.g., the NR frequency
band 206). The NR network may employ a similar frequency band plan as in the methods
400 and 500 described above with respect to FIGS. 4 and 5, respectively. The system
mformation may include cell access related information, channel configuration information
{(e.g., bandwidth and frequency bands of LTE UL and/or NR frequency bands}), physical
random access (PRACH) configuration information, and/or neighboring cell information.
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The PRACH configuration information may indicate sequences, formats, resources, and/or
other information for random access preamble transmissions. The random access resources
may be located in one or more LTE UL frequency bands {e.g., the LTE UL frequency bands
202y of one or more LTE networks. For example, the NR BS may negotiate with the LTE
networks for sharing the LTE UL frequency bands. The NR BS may coordinate with the LTE
networks 1o determine the random access resources in the LTE UL frequency bands. In some
embodiments, the random access resources may also include resource in the NR frequency
band to enable NR devices that cannot operate over LTE UL frequency bands to continue to
operate over the NR frequency band. In other words, the BS may provide NR devices the
option to select from random access resources the NR frequency band or the LTE UL
frequency bands.

[0068] At step 810, a UE attempting to access the NR network listens to the network for
system information. In some embodiments, the UE may not be connected to any of the LTE
networks. In some embodiments, the UE may be a standalone WR UE that does not support
LTE comnectivity.

16669] At step 813, the UE transmits a random access request in an LTE UL frequency band
according to the system information. When the system information indicates random access
resources in multipte LTE frequency bands, the UE may select a random aceess resource
from one of the LTE frequency bands. The UFE may generate a random access preamble
according to the system information {e g, the sequence and format information in the
PRACH configuration). The UE may transmut the random access request in the form of a
signal carrving the random access preamble.

16676] At step 820, after transmitting the random access request, the UE monitors for a
random access response from the BS in the NR frequency band, for example, during a
random access response window.

{0071} At step 825, upon detecting the random access request, the BS determunes the UL
transmission tining assoctated with the UE and assigns a resource in an LTE UL frequency
band to the UE.

1066721 At step 830, the BS transmits a random access response to the UE in the NR
frequency band. The random access response may include UL timing adjustment
information, the allocation of the resource in the LTE UL frequency band, and any other

mformation {e.g., a temporary identifier for the UE) for subsequent connection establishment.
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16673] At step 835, upon receiving the random access response, the UE transmits a
connection request according to the random access response, for example, using the assigned
resource in the LTE UL frequency band.

[B074] At step 840, upon receiving the connection request, the BS may respond by
transrtting a connection response in the NR frequency band. The connection respouse may
provide configuration information specific to the UE. The configuration information may
configure the UE to continue to use the same LTE UL frequency band for UL
commumncations. Altematively, the configuration information may reconfigure the UE to use
another LTE UL frequency band or the NR freguency band for UL communications.

[6675] In some embodiments, the PRACH configuration may additionally include a specific
NR {requency band for random access response monitoring. In some emnbodiments, an NR
network may pair multiple LTE UL frequency bands with an NR frequency band. Tn sone
embodiments, the BS may allocate a resource for connection request transmission in an LTE
UL frequency band different from the LTE UL frequency band in which the random access
request 1s recetved. In some embodiments, the random access request, the random access
response, the connection request, and the connection response may be referred to as message
1, message 2, message 3, and message 4, respectively.  While the method 800 is described in
the context of an NR network configured with random access resources in an LTE UL
frequency band, the method 800 may be applied by an NR network using random access
resources in an additional UL frequency band, which may or may not be shared by another
network.

16676} FIG. 9 1s a flow diagram of a method 900 of performing an inttial network access to
an NR network according to embodiments of the present disclosure. Steps of the method 900
can be executed by a computing device {e. g, a processor, processing circuit, and/or other
suttable component) of a wireless commumication device, such as the UEs 115 and 600, The
method Y00 may employ similar mechanisms 1o the methods 400, 500, and 800 described
with respect to FIGS . 4, 5, and #, respectively. As illustrated, the method 900 includes a
number of enumerated steps, but embodiments of the method 900 may include additional
steps before, after, and i between the enumerated steps. fn some embodiments, one or more
of the enumerated steps may be omitted or performed in a different order.

16677] At step 910, the method 900 includes transmitting, in a first frequency band, a random
access request o a tirst network, where the fivst frequency band is shared by the first network
and a second network. The wireless communication device may be a standalone NR UE.

The first network may be an NR network. The second network may be an LTE network. The
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first frequency band may be an LTE UL frequency band (e g., the LTE UL frequency bands
202y of the LTE network,

[BG78] At step 920, the method 900 includes receiving, in response io the random access
request, a random access response. The random access response 18 in a second {requency
band allocated to the first network. The second frequency band is being different than the
first frequency band. The second frequency band mayv be at substantially higher frequencies
than the {irst frequency band. The second frequency band may be in the sub-6 GHz range or
millimeter wave frequency range sinular to the NR frequency band 206.

[3679] While the method 900 is described in the context of the first network using the first
frequency band shared by the first network and the second network, the method 900 may be
applied by a TDD network to use an additional UL frequency band. For example, the first
network may operate in a TDD mode with UL and DL coramunications sent over the second
frequency band (e.g , a primary operating frequency band) and additional UL
communications sent over the first frequency band (e.g., a secondary operating frequency
band). The first frequency band is shared with another network in some instances. In other
instances, the first frequency band is not shared with another network.

[3380] FIG. 10 1is a flow diagram of a method 1000 of performing an initial network access to
an NR network according to embodiments of the present disclosure. Steps of the method
1000 can be executed by a computing device (e.g., a processor, processing circuit, and/or
other suitable component) of a wireless comumunication device, such as the BSs 105 and 700.
The method 1000 may employ similar mechamsios in the methods 400, 500, and 800
described with respect to FIGS. 4, 5, and §, respectively. As illustrated, the method 1000
includes a number of enumerated steps, but embodiments of the method 1000 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.
[B081] Atstep 1010, the method 1000 mmcludes receiving, from a first frequency band, a
random access request 0 a first network, where the first frequency band is shared by the first
network and a second network. The first network may be an NR network. The wireless
commumnication device may be an NR BS of the NR network, The second network may be an
LTE network. The first frequency band may be an LTE UL frequency band (e.g, the LTE
UL frequency bands 202} of the LTE network.

[B082] At step 1020, the method 1000 mcludes transmifting, in response to the random access
request, a random access response. The random access response 1s in a second frequency

band allocated to the first network. The second frequency band is being different than the
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first frequency band. The second frequency band mav be at substantially higher frequencies
than the first frequency band. The second frequency band may be in the sub-6 (GHz range or
millimeter wave frequency range simular to the NR frequency band 206.

[3083] While the method 1000 is described in the context of the first network using the first
frequency band shared by the first network and the second network, the method 1000 mayv be
applied by a TDD network to use an additional UL frequency band. For example, the first
network may operale in a TDD mode with UL and DL communications sent over the second
frequency band (e.g.. a primary operating frequency band) and additional UL
communications sent over the first frequency band {(e.g., a secondary operating frequency
band}. The first frequency band is shared with another network in some instances. In other
instances, the first frequency band is not shared with another network.

[3084] In an embodiment of an NR UE initial access based on a RACH configuration fora
supplementary uplink (SUL) carrier, a RACH configuration for the SUL carrier is
broadcasted in RMSI The configuration mformation for the SUL carrier is sufficient for UEs
to complete a RACH procedure via the SUL carrier. In particular, the configuration
information includes necessary power control parameters. The configuration information for
the SUL carrier includes a threshold. The UE selects that SUL carrier for an mitial access if
the reference signal received power (RSRP) measured by the UE on the DL carrier where the
UE recetves RMST 15 lower than the threshold. If the UE starts a RACH procedure on the
SUL carrier, then the RACH procedure 1s completed with all uplink transmission taking place
on that carrier. I 1s expected that the network may be able to request a connected-mode UE
to imtiate a RACH procedure towards any uplink carrier for path-loss and timing-advance
acquisition,

[6685] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information, signals,
bits, svmbols, and chips that may be referenced throughout the above description may be
representaed by voltages, currents, electromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

16686] The various illustrative blocks and modules described 1n connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a DSP,
an ASIC, an FPGA or other programmable logic device, discrete gate or transistor logic,
discrete hardware compounents, or any combination thereof designed to perform the fumctions
described herein. A general-purpose processor may be a microprocessor, but in the

alternative, the processor may be any conventional processor, controller, microconiroller, or
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state machine. A processor may also be tmplemented as a combination of coraputing devices
(e.g., a combination of a D8P and a microprocessor, multiple microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration).

[60887] The functions described herein may be implemented i hardware, software executed
by a processor, firmware, or any combination thereof. If implemented i sottware executed by
a processor, the functions may be stored on or transmitted over as one or more ingiructions or
code on a computer-readable medium. Other examples and implersentations 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 software executed by a processor,
hardware, firmware, hardwiring, or combinations of any of these. Features implementing
functions may also be physically located at vanous positions, including being disiributed 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 hist 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 (] means Aor B or C or AB or AC or
BCor ABC (Ge, Aand B and C).

[6688] Embodiments of the present disclosure include a method of wireless communication,
comprising transmitting, by a first wireless communication device in a first frequency band, a
random access request to a first network, wherein the first frequency band is shared by the
first network and a second network; and receiving, by the first wireless conumunication device
i response to the random access request, a random access response from a second wireless
commumnication device of the first network, wherein the random access response isin a
second frequency band allocated to the first network, the second frequency band being
different than the first frequency band.

[30889] The method further comprises receiving, by the first wireless communication device,
system information indicating a random access resource allocation in one or more frequency
bands shared by the first network and the second network, wherein the one or more frequency
bands include the first frequency band, and wherein the transmitiing the random access
request includes transmutting the random access request based on the randorm access resource
allocation. The method further includes wherein the one or more frequency bands are uplink
frequency bands of the second network. The method further includes wherein the receiving
the system information includes receiving the svstem information in the second frequency
band. The method further comprises transnutting, by the first wireless communication device

to the second wireless communication device in the first frequency band, a connection
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request. The method further comprises receiving, by the first wireless comnmunication device
from the second wireless communication device, a configuration indicating an uplink
aliocation for the first wireless commumication device in the second frequency band. The
method further includes wherein the second frequency band is at a higher frequency than the
first frequency band. The method further includes wherein the second network is a long-term
evolution (LTE) network.

[662¢] Embodiments of the present disclosure further include a method of wireless
communication, comprising receiving, by a first wireless communication device from a
second wireless communication device in a first frequency band, a random access request o a
first network associated with the first wireless communication device, wherein the first
frequency band is shared by the first network and a second network: and transmitting, by the
first wireless communication device to the second wireless communication device in response
to the random access reqguest, a random access response, wherein the random access response
is in a second frequency band allocated to the first network, the second frequency band being
different than the first frequency band.

[6691] The method further comprises transmiiting, by the first wireless communication
device, system information indicating a random access resource allocation in one or more
frequency bands shared by the first network and the second network, wherein the one or more
frequency bands include the first frequency band, and wherein the receiving the random
access request includes receiving the random access request based on the random access
resource allocation. The method further includes wherein the one or more frequency bands
are uplink frequency bands of the second network. The method further includes wherein the
transnutting the system information includes transnutting the system information in the
second frequency band. The method further comprises receiving, by the first wireless
communication device from the second wireless communication device in the fivst frequency
band, a connection request. The method further comprises transmitting, by the first wireless
communication device from the second wireless communication device, a configuration
imdicating an uplink alfocation for the first wireless commumication device in the second
frequency band. The method further includes wherein the second frequency band 1s at a
higher frequency than the first frequency band. The method further includes wherein the
second network is a long-term evolution (LTE) network,

[60692] Embodiments of the present disclosure further include an apparatus comprising a
transceiver configured to transnut, in a first frequency band. a random access request to a first

network, wherein the first frequency band is shared by the first network and a second
25



WO 2018/200117 PCT/US2018/024956

network; and receive, in response to the random access request, a random access response
from a second wireless communication device of the first network, wherein the random
access response is in a second {requency band allocated to the first network, the second
frequency band being different than the first frequency band.

[30693] The apparatus further includes wherein the transceiver 1s further configured to receive
gystem information indicating a random access resource allocation in one or more frequency
bands shared by the first network and the second network, wherein the one or more frequency
hands include the first frequency band; and {ransmit the random access request based on the
random access resource allocation. The apparatus further includes wherein the one or more
frequency bands are uplink frequency bands of the second network. The apparatus further
includes wherein the transceiver is {urther configured to receive the system mformation in the
second frequency band. The apparatus further includes wherein the transceiver is further
configured to transmitting, to the second wireless communication device in the first frequency
band, a connection request. The apparatus further includes wherein the {ransceiver is further
configured to recetve, from the second wireless communication device, a configuration
mndicating an uplink allocation for the apparatus in the second frequency band. The apparatus
further includes wherein the second frequency band is at a higher frequency than the first
frequency band. The apparatus further includes wherein the second network is a long-term
evolution {LTE)} network,

[6694] Embodiments of the present disclosure further include an apparatus comprising a
transeerver configured to receive, from a second wireless communication device in a first
frequency band, a random access request to a first network associated with the apparatus,
wherein the first frequency band is shared by the first network and a second network; and
transmit, to the second wireless communication device in response to the random access
request, a random access response, wherein the random access response 18 in a second
frequency band allocated to the first network, the second frequency band being different than
the first frequency band.

{6695] The apparatus further includes wherein the transceiver is further configured 1o
transoit system information indicating a random access resource allocation in one or more
frequency bands shared by the first network and the second network, wherein the one or more
frequency bands include the first frequency band; and receive the random access request
based on the random access resource allocation. The apparatus further includes wherein the
one or more frequency bands are uplink frequency bands of the second network., The

apparatus further includes wherein the transceiver is further configured to transmit the system
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mformation in the second frequency band. The apparatus further includes wherein the
transcetver is further configurad to receive, from the second wireless communication device
in the first frequency band, a connection request. The apparatus further includes wherein the
transcetver ts {urther configured to transmii, from the second wireless commumication device,
a configuration indicating an uplink allocation for the apparatus in the second frequency band.
The apparatus further includes wherein the second frequency band is at a higher frequency
than the first {requency band. The apparatus further includes wherein the second network 1s a
long-term evolution (LTE} network.

160696] Embodiments of the present disclosure further include a compuier-readable medium
having program code recorded thereon, the program code comprising code for causing a first
wireless communication device {o transmit, in a first frequency band, a random access regquest
to a first network, wherein the first frequency band 1s shared by the first network and a second
network; and code for causing the first wireless communication device to receive, in response
to the random access request, a random access response from a second wireless
commumnication device of the first network, wherein the random access response is in a
second frequency band allocated to the first network, the second frequency band being
different than the first frequency band.

[6897] The computer-readable mediom further comprises code for causing the first wireless
communication device to receive system information indicating a random access resource
allocation in one or more frequency bands shared by the first network and the second
network, wherein the one or more frequency bands include the first frequency band, and
wherein the code for causing the first wireless communication device to transmii the random
access request is further configured to transmit the random access request based on the
random access resource allocation. The computer-readable medium further inchudes wherain
the one or more frequency bands are uplink frequency bands of the second network. The
computer-readable mediurn further includes wherein the code for causing the first wireless
communication device to receive the system information is further configured to receive the
system information in the second frequency band. The computer-readable medium further
comprises code for causing the first wireless commumication device to transnut, to the second
wireless communication device in the first frequency band, a connection request. The
computer-readable medium further comprises code for causing the first wireless
communication device o receive, from the second wireless communication device, a
configuration indicating an uplink allocation for the first wireless communication device in

the second frequency band. The computer-readable medium further includes wherein the
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second frequency band 1s at a higher frequency than the first frequency band. The computer-
readable medium further includes wherein the second network is a long-term evolution (LTE)
network.

0098} Embodiments of the present disclosure further include a computer-readable medium
having program code recorded thereon, the program code comprising code for causing a turst
wireless communication device to receive, from a second wireless communication device in a
first frequency band, a randorm access request to a first network associated with the first
wireless conmnunication device, wherein the first frequency band 1s shared by the first
network and a second network; and code for causing the first wireless communication device
to transmit, to the second wireless commumication device in response 1o the random access
request, a random access response, wherein the random access response 18 in a second
frequency band allocated to the first network, the second frequency band being different than
the first frequency band.

{6699] The computer-readable medivm further comprises code for causing the first wireless
communication device to transmit system information indicating a random access resource
allocation in one or more frequency bands shared by the first network and the second
network, wherein the one or more frequency bands include the first frequency band, and
wherein the code for causing the first wireless commmunication deviee to receive the random
access request 1s further configured to receive the random access request based on the random
access resource allocation. The computer-readabie medium further includes whergin the one
or more frequency bands are uplink frequency bands of the second network. The computer-
readable medium further includes wherein the code for causing the first wireless
communication device to transmit the system information is further configurad to transmit the
system information in the second frequency band. The computer-readable medium further
comprises code for causing the first wireless communication device Lo receive, from the
second wireless communication device in the first frequency band, a connection request. The
computer-readable medium further comprises code for causing the first wireless
communication device to transmit, from the second wireless communication device, a
contiguration indicating an uphnk allocation for the first wireless communication device in
the second frequency band. The computer-readable medium further includes wherein the
second frequency band is at a higher frequency than the first frequency band. The computer-
readable medium further includes wherein the second network ts a long-term evolution (LTE)

network,
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16106] Embodiments of the present disclosure further include an apparatus comprising means
(e.g., the transceiver 610 and the antennas 616} for fransmutting, in a first frequency band, a
random access request to a first network, wherein the first frequency band is shared by the
first network and a second network; and means {(e.g., the transceiver 610 and the antennas
616} for receiving, i response to the random access request, a random access response from a
second wireless communication device of the first network, wherein the random access
response 18 in a second frequency band allocated to the first network, the second frequency
band being different than the first frequency band.
13161} The apparatus further comprises means {(e.g , the transceiver 610 and the antennas
616) for receiving system information indicating a random access resource allocation in one
or more frequency bands shared by the first network and the second network, wherein the one
or ruore frequency bands include the first frequency band, and wherein the means for
transmitting the random access request is further configured to transmit the random access
request based on the random access resource allocation. The apparatus further includes
wherein the one or more frequency bands are uplink frequency bands of the second network.
The apparatus further includes wherein the means for receiving the system information is
further configured to receive the system information in the second frequency band. The
apparatus further comprises means (e.g., the transceiver 610 and the antennas 616) for
transmitting, to the second wireless comnumication device in the first frequency band, a
connection request. The apparatus further comprises means {(e.g., the transceiver 610 and the
antermas 616} {or receiving, from the second wireless comumnunication device, a configuration
indicating an uplink allocation for the apparatus in the second frequency band. The apparatus
further includes wherein the second frequency band 1s at a higher frequency than the first
frequency band. The apparatus further includes wherein the second network is a long-term
evolution {LTE} network,
{3182} Fmbodiments of the present disclosure further include an apparatus comprising means
{e.g., the transceiver 710 and the antennas 716) for receiving, from a second wireless
communication device in a first frequency band, a random access request to a first network
associated with the apparatus, wherein the first frequency band 1s shared by the first network
and a second network; and means {e.g., the transceiver 710 and the antennas 716) for
fransmuitting, to the second wireless communication device in response to the random access
request, a random access response, wherein the random access response 15 in a second
frequency band allocated to the first network, the second frequency band being different than
the first frequency band.
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16103] The apparatus further comprises means tor transmitting {e.g., the transceiver 710 and
the antennas 716} system information indicating a random access resource allocation in one
or more frequency bands shared by the first network and the second network, wherein the one
or more frequency bands include the fivst frequency band, and wherein the means for
receiving the random access request 1s further configured to receive the random access
request based on the random access resource allocation. The apparatus further includes
wherein the one or more frequency bands are uplink frequency bands of the second network,
The apparatus further includes wherein the means for tfransmitting the system inforroation 1s
further configured to transmit the system information in the second frequency band. The
apparatus further comprises means (e.g., the transceiver 710 and the antennas 716} for
recetving, {rom the second wireless communication device in the first frequency band, a
connection request. The apparatus further comprises means {(e.g., the transceiver 710 and the
antennas 716} for transmitting, from the second wireless communication device, a
configuration indicating an uplink allocation for the apparatus in the second frequency band.
The apparatus further includes wherein the second frequency band is at a higher frequency
than the first frequency band. The apparatus further includes wherein the second network is a
fong-term evolution (LTE) network,

[3184] As those of some skill in this art will by now appreciate and depending on the
particular application at hand, many modifications, substitutions and varations 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 spurit and scope thereof. In light of this, the
scope of the present disclosure should not be limiled to that of the particular embodiments
iHustrated and described herein, as they are merely by way of some examples thereof, bt
rather, should be fully commensurate with that of the claims appended hereafier and their

functional equivalents.



CLAIMS

1. A method of wireless communication, comprising: receiving, by a user equipment (UE) from
a base station of a first network, system information indicating: a random access configuration
indicating information for a random access request transmission, a lower frequency band, the
lower frequency band used by the first network for uplink-only communications and also used
for frequency-division duplexing (FDD) uplink communications of a radio access technology
different from a radio access technology of the first network, and a higher frequency band, the
higher frequency band designated to the first network for time-division duplexing (TDD)
communications, the higher frequency band being at a higher frequency than the lower frequency
band; transmitting, by the UE to the base station in the lower frequency band based on the
random access configuration, the random access request; and receiving, by the UE from the base
station in the higher frequency band in response to the random access request, a random access
response.

2. The method of claim 1, the system information further indicating a plurality of lower
frequency bands used by the first network for uplink-only communications, the plurality of lower
frequency bands including the lower frequency band.

3. The method of claim 1, wherein the second network is a long-term evolution (LTE) network.

4. The method of claim 1, wherein the receiving the system information includes receiving the
system information in the higher frequency band.

5. The method of claim 1, further comprising transmitting, by the UE to the base station in the
lower frequency band, a connection request.

6. The method of claim 1, wherein the transmitting the random access request by the UE is in the
lower frequency band instead of the higher frequency band to improve initial network access due
to higher path loss in the higher frequency band than the lower frequency band.

7. A method of wireless communication, comprising: transmitting, by an base station of a first
network, system information indicating: a random access configuration indicating information
for a random access request transmission, a lower frequency band, the lower frequency band
used by the first network for uplink-only communications and also used for frequency-division
duplexing (FDD) uplink communications of a radio access technology different from a radio
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access technology of the first network, and a higher frequency band, the higher frequency band
designated to the first network for time-division duplexing (TDD) communications, the higher
frequency band being at a higher frequency than the lower frequency band; receiving, by the
base station from a user equipment (UE) in the lower frequency band based on the random
access configuration, a random access request; and transmitting, by the base station to the UE in
the higher frequency band in response to the random access request, a random access response.

8. The method of claim 7, the system information further indicating a plurality of lower
frequency bands used by the first network for uplink-only communications, the plurality of lower
frequency bands including the lower frequency band.

9. The method of claim 7, wherein the second network is a long-term evolution (LTE) network.

10. The method of claim 7, wherein the transmitting the system information includes
transmitting the system information in the higher frequency band.

11. The method of claim 7, further comprising receiving, by the base station from the UE in the
lower frequency band, a connection request.

12. The method of claim 7, wherein the receiving the random access request by the base station
is in the lower frequency band instead of the higher frequency band to improve initial network
access due to higher path loss in the higher frequency band than the lower frequency band.

13. An apparatus comprising: a transceiver configured to: receive, from a base station of a first
network, system information indicating: a random access configuration indicating information
for a random access request transmission, a lower frequency band, the lower frequency band
used by the first network for uplink-only communications and also used for frequency-division
duplexing (FDD) uplink communications of a radio access technology different from a radio
access technology of the first network, and a higher frequency band, the higher frequency band
designated to the first network for time-division duplexing (TDD) communications, the higher
frequency band being at a higher frequency than the lower frequency band; transmit, to the base
station in the lower frequency band based on the random access configuration, a random access
request; and receive, from the base station in the higher frequency band in response to the
random access request, a random access response.
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14. The apparatus of claim 13, the system information further indicating a plurality of lower
frequency bands used by the first network for uplink-only communications, the plurality of lower
frequency bands including the lower frequency band.

15. The apparatus of claim 14, wherein the transceiver is further configured to receive the system
information in the higher frequency band.

16. The apparatus of claim 15, wherein the transceiver is further configured to transmit, to the
base station in the lower frequency band, a connection request.

17. The apparatus of claim 13, wherein the transmitting the random access request is in the lower
frequency band instead of the higher frequency band to improve initial network access due to
higher path loss in the higher frequency band than the lower frequency band.

18. An apparatus comprising: a transceiver of a base station of a first network configured to:
transmit system information indicating: a random access configuration indicating information for
a random access request transmission, a lower frequency band, the lower frequency band used by
the first network for uplink-only communications and also used for frequency-division duplexing
(FDD) uplink communications of a radio access technology different from a radio access
technology of the first network, and a higher frequency band, the higher frequency band
designated to the first network for time-division duplexing (TDD) communications, the higher
frequency band being at a higher frequency than the lower frequency band; receive, from a user
equipment (UE) in the lower frequency band, a random access request; and transmit, to the UE in
the higher frequency band in response to the random access request, a random access response.

19. The apparatus of claim 18, the system information further indicating a plurality of lower
frequency bands used by the first network for uplink-only communications, the plurality of lower
frequency bands including the lower frequency band.

20. The apparatus of claim 19, wherein the transceiver is further configured to transmit the
system information in the higher frequency band.

21. The apparatus of claim 18, wherein the transceiver of the base station is further configured to
receive, from the UE in the lower frequency band, a connection request.
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22. The apparatus of claim 18, wherein the receiving the random access request is in the lower
frequency band instead of the higher frequency band to improve initial network access due to
higher path loss in the higher frequency band than the lower frequency band.
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