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CROSS REFERENCE TO RELATED APPLICATIONS

16661} The present application clairos priority to and the benefit of U.S. Nonprovisional
Patent Application No. 15/948,539 filed April 9, 2018, and of U S. Provisional Patent
Application No. 62/492,064, filed April 28, 2017, which are hereby incorporated by reference

in thetr entivety as if fully set forth below and for all applicable purposes.

TECHNICAL FIELD

16602} This application relates to wireless communication systems, and more particularly fo
reusing long-term evolution {LTE) resources for a radic access network {RAN} of another
radio access technology (RAT) in a nested network system. Embodiments of the present

application enable inter~-RAT quasi-co-location (QCL).

INTRODUCTION

60803} Wircless 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 sysiem resources {e.g., time, frequency, and power). Examples of such
multiple-access systems include code division multiple access (CDMA) systems, time
division multiple access (TDMA) systerns, frequency division multiple access (FDMA)
systems, and orthogonal frequency division multiple access (OFDMA) systems, (e.g., a Long
Term Evolution (LTE) system). A wireless multiple-access communications system may
mclude a number of base stations (BSs), each simultaneously supporting commurication for
multiple coramumication devices, which mayv be otherwise known as user equipment (UE).
[3384] To meet the growing demands for expanded connectivity, wireless communication
technologies or RATs are advancing from the LTE technology (o a next generation new radio

(NR) technology. For example, NR may provide lower latency and a higher bandwidth or
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throughput then LTE. One approach to providing the improved NR functionalities is to
deploy an NR network within an LTE network. In other words, the NR network may be
overlaid on top of the LTE network with overlapping coverage areas, where the NR network
and the LTE network may operate over overlapping spectrums. Accordingly, co-existence

and efficient resource utilization between LTE and NR may be important.
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BRIEF SUMMARY OF SOME EXAMPLES

(0005} The following sunumnarizes sore 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 is intended neither to 1dentify kev or critical
elements of all aspects of the disclosure nor to delineate the scope of any or all aspects of the
disclosure. s 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 13 presented
tater.

0006} For example, n an aspect of the disclosure, a method of wireless communication,
includes receiving, by a first wireless commumication device from a second wireless
communication device, a reference signal configuration of a first network of a long-term
evolution (LTE) radio access technology (RAT), wherein the first wireless commumication
device and the second wireless communication device are associated with a second network
of another RAT, and receiving, by the first wireless communication device from the second
wireless communication device, a communication signal in the second network based on the
reference signal configuration of the first network.

[6607] In an additional aspect of the disclosure, a method of wireless communication,
imchudes obtaining, by a first wireless communication device from a second wireless
commumcation device, a reference signal configuration of a first network of a long-term
evolution (LTE) radio access technology (RAT), wherein the second wireless communication
device 1s associated with the first network, and wherein the first wireless communication
device is associated with a second network of another RAT, transmitiing, by the first wireless
commmunication device to a third wireless conununication device in the second network, the
reference signal configuration of the first network; and transmitting, by the first wireless
communication device to the third wireless communication device, a communication signal in
the second network based on the reference signal configuration of the first network,

166G08] Tn an additional aspect of the disclosure, an apparatus includes a transceiver
configured to recetve, from a second wireless communication device, a reference signal
configuration of a first network of a long-term evolution (LTE) radio access technology
(RAT), wherein the apparatus and the second wireless cormmunication device are associated
with a second network of another RAT: and receive, from the second wireless communication
device, a communication signal in the second network based on the reference signal

configuration of the {irst network.
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16609 Tn an additional aspect of the disclosure, an apparatus includes a processor configured
to obtain, from a second wireless communication device, a reference signal configuration of a
first network of a fong-term evolution (LTE) radio access technology (RAT), wherein the
second wireless commumnication device is associated with the first network, and wherein the
apparatus s associated with a second network of another RAT, and a transceiver configured
to transmit, to a third wireless communication device in the second network, the reference
signal configuration of the first network; and transmit, to the third wireless communication
device, a commmunication signal in the second network based on the reference signal
configuration of the first network.

[6616] Other aspects, features, and embodiments of the present invention will become
apparent 1o those of ordinary skill in the art, upon reviewing the following description of
specific, exerplary embodiments of the present invention in conjunction with the
accompanying figures. While features of the present invention may be discussed refative 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 in accordance with the various embodiments of the invention
discussed herein. In similar {ashion, while exemplary embodiments may be discussed below
as device, systern, or method embodiments it should be understood that such exemplary

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

BRIEF DESCRIPTION OF THE DRAWINGS

[6611] FIG 1 illustrates a wireless communication network according to embodiments of the
present disclosure.

[3612] FIG. 2 iflustraies a nesied network system according to embodiments of the present
disclosure.

16613} FIG. 3 illustrates a radio frame according to embodiments of the present disclosure.
(6614} FIG. 4 15 a block diagram of an exemplary user equipment (UE) according {o
embodiments of the present disclosure.

[6615] FIG. 5 15 a block diagram of an exemplary hase station (BS) according to
embodimenis of the present disclosure.

(3816} FIG. 6 llustraies a long-term evolation (LTE) resource reuse scheme according to

embodiments of the present disclosure.
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16617] FIG. 7 llustrates a new radio (NR) transmission scherme that reuses LTFE resources
according to embodiments of the present disclosure,

[GG18] FIG. 8 illustrates an NR transmission scheme that reuses LTE resources according (o
embodiments of the present disclosure.

0019} FIG. 9 is a signaling diagram of a method of reusing LTE resource in a nested
network system according to embodiments of the present disclosure.

16620} FIG. 10 15 a flow diagram of a method of reusing LTE resource in a nested network
system according to embodimenis of the present disclosure.

[6621] FIG 11 is a flow diagram of a method of reusing L'TE resource in a nested network

system according to embodiments of the present disclosure.

BETAILED DESCRIPTION

16622} The detailed description set forth below, in connection with the appended drawings, is
intended as a description of various configurations and ts not mtended 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 i 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.

16623] The 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-carmier FDMA (SC-FDMA} and other networks. The terms
“network”™ and “system’” are often used interchangeably. A CEMA network may implement a
radio technology such as Universal Terresirial Radio Access (UTRA), edma2000, etc. UTRA
ncludes Wideband CDMA (WCDMA) and other vanants of CDMA. ¢dma2000 covers 18-
2000, 18-95 and 18-856 standards. A TDMA network may implement a radio technology such
as Global Svstem for Mobile Communications (GSM). An OFDMA network may implement
aradio technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB3,
IEEE 802.11 (Wi-Fi}, IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDMA  etc. UTRA and
E-UTRA are pait of Universal Mobile Telecommunication System (UMTS). 3GPP Long
Term Evolution (LTE) and LTE-Advanced (LTE-A} are new releases of UMTS that use E-
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UTRA UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are dsscribad in documents 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.
16624} The present application describes mechanisms {or reusing LTE resources in a nested
network system. A nested network system refers to the deployment of one RAT within
another RAT. For example, a nested network system may include an NR network overlaid on
top of an LTE network. In the disclosed embodiments, the NR network reuses reference
signal resources of the LTE network instead of generating new NR specific reference signals.
Reference signals carry predeternuned sequences at predetermined time and/or frequency
locations that may be used for various tvpes of channel measurements. For example, an LTE
cell-specific reference signal {CRS) can function as part of an WNR CRS in the NR network
and an LTE channel state information-reference signal (CSI-RS) can function as part of an
NR CSI-RS in the NR network. The LTE CRSs and the LTE CS1-RSs may provide similar
functionalities in the NR network as in the LTE network. For example, the LTE CRSs and/or
CSI-RSs may facilitate channel quality measurement, frequency and/or timing offset tracking,
and/or channel response estimation in the NR network.
[6625] In an embodiment, an NR BS may be co-focated with an LTE BS. The NR BS may
obtain an LTE reference signal configuration (e.g., resources) from the LTE BS and provide
the LTE reference signal configuration to NR UEs i the NR network. The NR BS may
schedule data transmissions with the NR UEs based on the LTE reference signal
configuration. The NR BS may indicate that the NR reference signal ports are quasi-co-
tocated (QCL) with LTE reference signal ports. For example, the NR BS may configure a
transrssion grant in a time period mcluding an LTE reference signal transmission and map
data tones to frequency tones that are non-overlapping with the LTE reference signal
transmission. Thus, an NR UE may receive the LTE reference signal configuration from the
NR BS and may recetve a scheduled or granted transnussion from the NR BS based oo the
mapping of the data tones to the frequency tones that are non-overiapping with the LTE
reference signal transmussion. In other words, the NR BS and the NR UE may rate match
around LTE reference signals for DL cormnmunication signals. The NR UEs may receive LTE
reference signals from the LTE BS. The NR UEs may receive NR data signals from the NR
BS. The NR UEs may perform channel measurements based on the LTE reference signals

6
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and decode NR data from the NR data signals based on the channel roeasurements. The
disclosed embodiments may be applied 1o NR networks configured with the same
numerclogy {e.g., subcarrier or frequency tone spacing) as the LTE network or a different
numerology than the LTE network.
(0026} Aspects of the present apphication can provide several benefits. For example, the
reuse of the LTE reference signal resources can provide an efficient NR network design
withoul utilizing additional NR specific reference signal resources. In addition, the
scheduling of the NR data transnussions based on the LTE reference signal configuration can
avoid interfering with legacy LTE operations and can allow the L'TE reference signals o
function as NR demodulation reference signals (BMRSs). The disciosed embodiments allow
NR networks to co-exist with LTE networks without interfering with legacy LTE operations.
The disclosed embodiments enable quasi-co-location (QCL) across RATs. For example, LTE
reference signals are QCL with reference signals in NR. In some instances, LTF cell-specific
reference signal {CRS) and/or LTE channel state information-reference signal (CSI-RS} are
QCL with physical downlink shared charmel (PDSCH) DMRS in NR, where PDSCH 15 for
carrving downlink data.
{36271 FIG. 1 illustraies a wireless commumication network 100 according to embodiments of
the present disclosure. The network 100 includes BSs 103, UEs 115, and a core network 130.
In some embodiments, the network 100 operates over a shared spectrumn. The shared
spectrum may be unlicensed or partially licensed o one or more network operators. Access
1o the spectrurn may be limited and may be controlled by a separate coordination entity. In
some embodiments, the network 100 may be a LTE or LTE-A network. In vet other
embodiments, the network 100 may be a millimeter wave (mmW) network, a new radio (NR)
network, a 5G network, or any other successor network to LTE. The network 100 may be
operated by more than one network operator. Wireless resources may be partitioned and
arbitrated among the different network operators for coordinated communication between the
network operators over the network 100,
{6028} The BSs 105 mayv wirelessly communicate with the UEs 115 via one or more BS
antermas. Each BS 105 may provide commurication 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 subsystem serving the coverage area, depending on the context in
which the term 15 used. In this regard, a BS 108 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

7
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wrestricted 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 {0
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), UEs for users in the home, and the
like}. A BS for a macro cell may be referred to as amacro 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. In the example shown in FIG. 1, the BSs 1032, 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.

[6629] Communication links 125 shown in the network 100 may include uplink (UL)
transmissions from a UE 11510 a BS 105, or downlink (DL) transmissions, from a B8 105 1o
a UE 115, The UEs 115 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 davice, a
wireless device, a wireless communications device, a remote device, a mobile subscriber
station, an access terminal, a mobile ternunal, a wireless terminal, a remote ferminal, 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 modem, a wireless
commumnication device, a handheld device, a tablet compuier, a laptop computer, a cordless
phone, a personal electronic device, a handheld device, a personal computer, a wireless local
foop (WLL) station, an Internet of things {IoT) device, an Internet of Evervthing (IoE) device,
a machine tvpe communication (MTC) device, an appliance, an avtomobile, or the like.
[B830] The BSs 105 may communicate with the core network 130 and with one another. The
core network 130 may provide user authentication, access authorization, tracking, Intemet
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), a next generation
WNodeB (gNB), or an access node controtler (ANC)) may interface with the core network 130
through backhaul links 132 {e.g.. 81, 82, etc.) and may perform radio configuration and
scheduling for communication with the UEs 115, In various examples, the BSs 105 may

communicate, either directly or indirectly {e.g., through core network 130), with each other
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over backhaul links 134 (e.g., X1, X2, etc.), which mav be wired or wireless communication
links.

[6631] Each BS 105 may also commumnicate with a number of UEs 115 through a mumber of
other BSs 103, where the BS 105 may be an example of a smart radio head. In altemative
configurations, various functions of each BS 105 may be distributed across various BSs 105
{e.g., radic heads and access network controllers) or consolidated into a single BS 105

6632} Tn some implementations, the network 100 utilizes orthogonal frequency division
multiplexing (OFDM) on the downlink and single-carrier frequency division roultiplexing
(SC-FDM) on the UL. OFDM and SC-FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also commonly referred {0 as tones, bins, or the like. Each
subcarrier may be modulated with data. Tn general, modulation symbols are sent in the
frequency domain with OFDM and 1o the tirne 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. The system bandwidth may also be partitioned into subbands.
16033} Tn an embodiment, the BSs 105 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
DL refers to the transmission direction from a BS 105 10 a UE 115, whereas UL refers to the
transmission direction from a UE 115 to 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 example, about
10, Each subframe can be divided into slots, for example, about 2. Each slot may be further
divided into min-slots, as described in greater detail herein. 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 transmissions occur at different time periods using the same frequency band. For
example, a subset of the subframes (e.g., DL subframes) in a radio frame mayv be used for DL
transmissions and another subset of the subframes (e g., UL subframes) in the radio frame
may be used for UL transmissions.

[6634] 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 predetermined signals
that facilitate the communications between the BSs 105 and the UEs 115, For example, a
reference signal can have a particular pilot pattem or structure, where pilot tones may span

across an operational bandwidth or frequency band, each positioned at a pre-defined time and
9



WO 2018/200196 PCT/US2018/026930

a pre-defined frequency. For example, a BS 103 may transmut cell-specific reference signals
(CRSs} and/or channel state information —reference signals {CSI-RSs) to enable a UE 115 to
estimate a DL channel. Simularly, 3 UE 115 may transmit sounding reference signals (SR8s)
to enable 3 BS 105 {o 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 UFs 115 may communicate using self-contained
subframes. A self-contained subframe may include a portion for DL commumication 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 than UL
communication. A UbL-centric subframe may include alonger duration for UL
communication than UL communication.

{0035} In an embodiment, a UE 1135 attempting to access the network 100 may perform an
initial cell search by detecting a primary synchronization signal (PSS) from a BS 105. The
PSS mav enable synchronization of period timing and may indicate a physical layer identity
value. The UE 115 may then receive a secondary synchromization signal (858). The 888
may enable radio frame synchronization, and may provide a cell identity value, which may be
combined with the physical layer identity value to identify the cell. The S55 may also enable
detection of a duplexing mode and a cychic prefix length. Some systems, such as TDD
gystems, may transmit an SS8 but not a PSS, Both the PSS and the 858 may belocated n a
central portion of a carrier, respectively. After receiving the PSS and 888, the UE 115 may
recerve a master information block (MIB), which may be transmitted in the physical
broadeast channel (PBCH). The MIB may contain systermn bandwidth information, a system
frame number (SFN}, and a Physical Hybrid-ARQ Indicator Channel (PHICH) configuration.
After decoding the MIB, the UE 115 may receive one or more system information blocks
(S1Bs). For example, SIBI may contamn cell access parameters and scheduling information for
other SiBs. Decoding SIB1 may enable the UE 115 to receive SIB2. SIB2 may contain radio
resource configuration (RRC) configuration information related to random access channel
{(RACH) procedures, paging, physical uplink control channel (PUCCH), physical uplink
shared channel (PUSCH), power control, SRS, and cell barning.  After obtaining the MIB
and/or the 8iBs, the UE 115 can perform random access procedures to establish a connection
with the BS 105, After establishing the connection, the UE 115 and the BS 105 canenter a
normal operation stage, where operational data may be exchanged.

[G036] In some embodiments, the UEs 115 and the BSs 105 may be operated by multiple

network operators or network operating entities and may operate in a shared radio frequency
10
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spectrum, which may include licensed or unlicensed frequency bands. The shared spectrum
may be time-partitioned for sharing among the multiple network operating entities to facilitate
coordinated communication.  For example, in the network 100, the BS 105a and the UE 115a
may be associated with one network operating entity, while the BS 105b and the UE 115b
may be associated with another network operating entity. By time-partitioning the shared
spectrum according (o network operating entities, the communications between the BS 1053
and the UE 115a and the communications between the BS 105b and the UE 113b may each
occur during respective time periods and may avail themselves of an entirety of a designated
shared spectrum.
{6637 In an embodiment, the network 100 may support muitiple networks with different
RAT technologies. For example, the network 100 may be initially deploved as an LTE
network and subsequently add advanced RAT technologies such as NR to provide iraproved
network functionalities, such as lower fatency, greater bandwidth, and/or higher throughput.
Mechanisms for deploving an NR network within an LTE network are described in greater
detailer herein.
16638] FIG. 2 illustrates a nested network system 200 according to embodiments of the
present disclosure. The system 200 may correspond to a portion of the network 100, The
system 200 may mclude an NR network overlaid over an LTE network, FIG. 2 illusirates one
BS 205 and two UKEs 210 and 220 for purposes of siraplicity of discussion, though it will be
recognized that embodiments of the present disclosure may scale to many more UEs 210 and
220 and/or BSs 205, The BS 205 1s substantially similar to the BS 105, However, the BS
205 may include an LTE BS 206 and an NR BS 208. The LTE BS 206 and the NR BS 208
may be co-located within the BS 205 as shown. The LTE BS 206 may operate in an LTE
network 240. The NR BS 208 may operate in an NR network 242, The LTE network 240
and the NR network 242 may operale in overlapping coverage areas as shown or at least some
overlapping regions. The LTE BS 206 and the NR BS 208 may operate over the same
spectrum or at least overlapping specirums. For example, the LTE BS 206 may operate over
an LTE frequency band, which may have a bandwidth of about 5 MHz, about 10 MHz, or
about 20 MHz, and the NR BS 208 may operate over an NR frequency band with a greater
bandwidih including the LTE frequency band.
[333%] In an embodiment, the LTE BS 206 and the NR BS 208 may be software components
or software stacks executing on hardware of the BS 205, The BS 205 may include a number
of antennas 209 (shown as 209a ... 209n) mapped to logical antenna ports of the LTE BS 206
and the NR BS 208, In some other embodimenits, the LTE BS 206 may include hardware

11
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components specific for LTE operations and the NR BS 208 may include hardware
components specific for NR operations.
[6648] As an example, the LTE BS 206 commmumicates with the UE 210 over a radio link 212
i the LTE network 240 based on an LTE RAN protocol. The NR BS 208 communicates
with the UE 220 over a radio link 222 in the NR network 242 based on an NR RAN protocol.
The UEs 210 and 220 may be substantially simifar to the UEs 115. However, the UE 210
may implement LTE functionalities and the UE 220 may implement NR functionalities.
Thus, the UE 210 may be referred to as an LTE UE and the UE 220 may be referred to as an
NR UE.
[6641] In an embodiment, the LTE BS 206 may transmit CRSs and C51-R5s at some periods.
The CRS may include a predetermined sequence transmiited on predeternmned sparsely
spaced frequency tones. The CSI-RS may be substantially similar to the CRS, but may
support higher-spatial layer multiplexing. The LTE UE 210 may measure the quality of the
channel over the radio link 212 based on the LTE CRS8s and/or CSI-RSs. The LTE UE 210
may generate channel guality indicator {CQI) reports based on the measurements and report
the CQls to the LTE BS 206. In addition, the LTE UE 210 may estimate the DL channel
response of the channel based on the received CRSs and/or CSI-RSs for frequency offset
and/or timing offset tracking.
0042} To roprove resource utilization efficiency, the NR BS 208 may coordinate with the
LTE BS 206 to reuse LTE resources for operations in the NR network 242. For example, the
NR BS 208 may synchromze timing with the LTE BS 206, In an embodiment, the NR
network 242 may reuse reference signals of the LTE network 240 for NR network 242
operations instead of generating new reference signals. The NR BS 208 may configure the
WR UE 220 to receive reference signals, such as the CRSs and the CSI-RSs, from the LTE BS
206. As shown, the LTE BS 206 may transmit a reference signal at the antenna 209m, where
the reference signal may reach the LTE UE 210 and the NR UE 220 via the radio links 212
and 224, respectively. The NR UE 220 may determine the quality of the channel in the NR
network 242 between the NR BS 208 and the NR UE 220 based on the LTE reference signal
recerved from the radio link 224, The NR UE 220 may estimate a DL channel response based
on the reference signal, for example, for frequency offset tracking, timing offset tracking,
and/or data decoding, as described in greater detail herein.
[60643] FIG. 3 iBustrales a radio frame 300 according to embodiments of the present
disclosure. The radio frame 300 may be emploved by the network 100 and the system 200,
In particular. BSs such as the BSs 105, 205, 206, and 208 and UEs such as the UEs 115, 210,
12
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and 220 may exchange data using the radio frame 300. In FIG. 3, the x-axes represent time in
some constant units and the v-axes represent frequency in some constant uniis. The radio
frame 300 inchudes N plurality of subframes 310 spanning in time and frequency. Inan
embodiment, a radio frame 300 may span a time interval of about 10 mulliseconds (ms). Each
subframe 310 includes M plurality of slots 320. Each slot 320 includes K plurality of nuni-
slots 330. Each nuni-slot 330 may include one or more symbols 340. N, M, and K may be
any suitable positive integers. The BSs or the UEs may send data in units of subframes 310,
slots 320, or muni-slots 330, In some embodiments, the slots 320 may not be aligned to the
nmini-slots 330 as shown. For example, a subframe 310 may include a number of mini-slots
330 with a variable number of symbols 340

[60844] In an embodiment, an LTE BS such as the LTE BS 206 may be configured to
communicate with an LTE UE such as the LTE UE 210 in units of slots 320, while an NR BS
such as the NR BS 208 may be configured to commnunicate with an NR UK such as the NR
UE 220 in units of nmuini-slots 330, as described in greater detail herein.

16045] FIG. 4 is a block diagram of an exemplary UE 400 according to embodiments of the
present disclosure. The UE 400 mav be a UE 115, 210, or 220 as discussed above. As shown,
the UE 400 may include a processor 402, a memory 404, a reference signal processing
module 408, a transcetver 410 including a modem subsystem 412 and a radio frequency (RF)
unit 414, and one or more antennas 416, These elements may be in direct or indirect
communication with each other, for example via one or more buses.

[6846] The processor 402 may include a central processing unit (CPU), a digital signal
processor (DSP), an application-specific mitegrated circwt (ASIC), a controller, a field
programmable gate array (FPGA) device, another hardware device, a firmware device, or any
combination thereof configured to perform the operaiions described herein. The processor
402 may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a nucroprocessor, a phurality of microprocessors, one or more microprocessors in
comjunction with a DSP core, or any other such configuration,

{6847] The memory 404 may include a cache memory {e.g., a cache memory of the processor
4023, random access memory {RAM), magnetoresistive RAM (MR AM), read-only memory
(ROM)}. programmable read-only memory (PROM), erasable programmable read only
memory (EPROM), electrically erasable progranumable read only memory (EEPROM}, flash
mernory, solid state memory device, hard disk drives, other forms of volatile and non-volatile
memory, or a combination of different tvpes of memory. Tn an embodiment, the memory 404

includes a non-transitory computer-readable medium.  The memory 404 may store
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instructions 406, The instructions 406 may nclude nstructions that, when executed by the
processor 402, cause the processor 402 to perform the operations described herein with
reference to the UEs 220 in connection with embodiments of the present disclosure.
Instructions 406 may also be referred to as code. The terms “instructions” and “code” should
be mterpreted 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, funclions, procedures, ete. “Instructions”™ and “code” may mclude a single computer-
readable statement or many compuier-readable statements.

[6648] The reference signal processing module 408 mav be used for various aspects of the
present disclosure. For example, the reference signal processing module 408 is configured to
receive reference signals from an LTE network, determing channel quality based on the
received reference signals, perform frequency offset tracking based on the received reference
signals, perform timing offset tracking based on the received reference signals, and/or
estimate channel responses based on the received reference signals, as described in greater
detail herein. In an embodiment, the UE 400 may be an NR UE similar to the NR UE 220
and the reference signal processing module 408 may be configured to receive LTE reference
signals from an LTE network and perform NR network operations based on the LTE
reference signals, as described in greater detail herein,

[3049] As shown, the transceiver 410 may mclude the modem subsystem 412 and the RF unit
414 The transceiver 410 can be configured to conununicate bi-directionally with other
devices, such as the BSs 108, 206, and 208. The modem subsystem 412 may be configured o
modulate and/or encode the data from the memory 404 and/or the reference signal processing
module 408 according to a modulation and coding scheme (MCS), e.g., a low-density parity
check (LDPC) coding scheme, a twbo coding scheme, a convolutional coding scheme, a
digital beam{ormung scheme, etc. The RF umit 414 may be configured to process (eg.,
perforra analog to digital conversion or digital to analog conversion, etc.) modulated/encoded
data from the modem subsystem 412 {(on outbound transmissions) or of transmissions
originating from another source such as a UE 1135 or a BS 105. The RF unit 414 may be
further configured to perform analog beamforming in conjunction with the digital
beamforming.  Although shown as integrated together in transceiver 410, the modem
subsystem 412 and the RF unit 414 may be separate devices that are coupled together at the
UE 11510 enable the UE 115 to communicate with other devices.

[3650] The RF unit 414 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
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nformation}, to the antennas 416 for transmission to one or more other devices. This may
include. for example, transmission of CQ reports and/or SRSs according to embodiments of
the present disclosure. The antennas 416 may further receive daia messages transmitied from
other devices. The antenmas 416 may provide the received data messages for processing
and/or demodulation at the transceiver 410. The antennas 416 may include multiple antennas
of simular or different designs in order to sustain multiple transmission links. The RF unit
414 may configure the antennas 416.

160651] FIG. 5 15 a block diagram of an exemplary BS 500 according to embodiments of the
present disclosure. The BS 500 may be a BS 105, 205, 206, or 208 as discussed above. A
shown, the BS 500 may include a processor 502, a memory 504, a reference signal
configuration module 508, a transceiver 510 including a modern subsystern 512 and a RF unit
314, and one or more antennas 516,  These elements mav be in direct or indirect
communication with each other, for example via one or more buses.

{6652] The processor 502 may have various features as a specific-tvpe 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 502 may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a microprocessor, a plurality of
ICTOPTOCESSOTS, ONe OF MOre MICroprocessors in conjunction with a DSP core, or any other
such configuration.

[6653] The memory 504 may include a cache memory {e.g., a cache memory of the processor
5023 RAM, MRAM, ROM, PROM, EPROM, EEPROM, flash memory, a solid siate 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. In some embodiments,
the memory 504 may mclude a non-transttory computer-readable mediom. The memory 504
may store instructions 506. The mstructions 506 may mnclude mnstructions that, when executed
by the processor 502, cause the processor 502 to perform operations described herein
Instructions 506 may also be referred {6 as code, which may be interpreted broadly to include
any type of computer-readable statement(s) as discussed above with respect to FIG. 5.

6654] The reference signal configuration module 508 may be used for various aspects of the
present disclosure. For example, the reference signal configuration module 508 is configured
to configure reference signal transmussion resources, such as frequency tone locations and/or
symbol periods. In an embodiment, the BS 500 may be an NR BS simular to the NR BS 208

and the reference signal configuration module 508 may be configured to coordinate with an
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LTE BS such as the L'TE BS 206 to obtain LTE reference signal transnussion configurations,
configure transmission periods {(e.g., the mini-siots 330) based on the LTE reference signal
transmission configurations, transmii data signals based on the transmission periods and the
LTE reference signal transmussion configurations, as described in greater detai] herein.

[B055] As shown, the transceiver 510 may mclude the modem subsystem 512 and the RF unit
514, The transceiver 510 can be configured to comumunicate bi-directionally with other
devices, such as the Uks 1138 and 220 and/or another core network element. The modem
subsystern 512 may be configured to modulate and/or encode data according to a MCS, e, a
LDPC coding scheme. a turbo coding scheme, a convolutional 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 transmussions originaiing
from another source such as a UE 115, The RF unit 514 may be further configured to
perform analog beamforming in conjunction with the digital beamforming. Although shown
as integrated together n transceiver 510, the modem subsvstem 512 and the RF unit 514 may
be separate devices that are coupled together at the BS 105 to enabie the BS 105 to
communicate with other devices.

[3856] 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 antennas 516 {e.g., the antennas 209) for transmission o one or more
other devices. This may include, for example, transmission of information {o complete
attachment {0 a network and commumication with a camped UE 1135 according to
embodiments of the present disclosure. The antennas 516 may further receive data messages
transmitted from other devices and provide the received data messages for processing and/or
demodulation at the transceiver 510. The antennas 516 may include multiple antennas of
similar or different designs in order to sustain multiple transmission links.

[6657] FIG. 6 illustrates an LTE resource reuse scheme 600 according to embodiments of the
present disclosure. In FIG. 6, the x-axis represents time in some constant units. The scheme
600 15 employed by a nested network system (e.g., the system 200} including an L'TE network
(e.g., the L'TE network 240) and an NR network {e.g., the NR network 242). FIG. 6

illustrates an LTE subframe structure 602, an LTE slot structure 604, and an NR muni-slot
structure 606, The communications in the LTE network are based on the LTE subframe
structure 602 and the LTE slot structure 604. The conmunications in the NR network are

based on the NR mini-slot structure 606, which may be aligned to the LTE subframe structure
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602, While the LTE subframe structure 602 illustrates a subframe 310 including fourteen
symbols 340 indexed O to 13 and the L'TE slot structure 604 illustrates two slots 320 within
the subframe 310, the subframe 310 can include any suitable number of symbols 340 and any
surtable number of slots 320.
{0058} In the scheme 600, an LTE BS such as the LTE BS 206 may periodically transmit a
reference signal 630 in the LTE network. For example, the LTE BS may transmit a reference
signal 630 on symbols indexed 0, 4, 7, and 11 of each subframe 310. The reference signal
630 may represent an LTE CRS or an LTE CSI-RS, for example, including a predetermined
sequence. An LTE UE such as the LTE UE 210 may receive the reference signals 630 and
determine channel quality, frequency and/or timing offset adjustments, and/or channel
responses based on the reference signals 630, The mapping of the reference signals 630 onto
frequency resources are described in greater detail herein.
[6659] The NR network may leverage the reference signal resources in the LTF natwork.
The NR network may reuse the LTE reference signals 630 for channel measurements (e.g.,
timing, delay spread, and Doppler measurements), channel quality reporting, error tracking,
and/or demodulation. For example, an NR BS such as the NR BS 208 co-located with the
LTE BS may coordinate with the LTE BS to obtain transmission configurations (g.g., symbol
tocations 340 and frequency tones) of the reference signals 630, The NR BS may configure
mini~slots 330 according to the LTE subframe structure 602 and/or the LTE slot structure
604, As shown, the min-slot structure 606 includes a number of mini-slots 330 within the
subfrarme 310, The muni-slots 330 may mclude a variable number of symbols 340, For
example, the min-slot 330a may mclude two symbols 340, while the mini-slot 330b may
include four symbols 340, The NR network may configure the mini-slot 330 based on the
transmusston configurations of the LTE reference signals 630. For example, the mini-slots
330a can be configured to include the syrbol 340 indexed 0 at which an LTE reference signal
630 1s transmitted. Sinularly, the mini-slot 330b can be contigured to include the symbol 340
indexed 7 at which an LTE reference signal is transmitted.
6060} The NR BS can configure NR UEs such as the NR UE 220 with the configuration
{e.g.. resources) of the LTE reference signals 630, The NR UEs may receive the LTE
reference signals 630 according to the configuration. The NR UEs may measure the channel
guality based on the received LTE reference signals 630. The NR UEs may generate and
transmit CQI reports to the NR BS based on the measured channel qualitv. The NR UEs may
performa frequency offset and/or timing offset tracking based on the received LTE reference
signals 630,
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16661] When the LTE network 1s not transmitting data during the duration of the mini-slot
330a, the NR BS may transmit DL control information in the symbol 340 indexed 0 and/or 1
on frequency resources non-overlapping with the LTE reference signal 630, as described in
greater detail herein. The DL control information may be sirnilar to the LTE physical
downlink control channel (PDCCH) information. For example, the DL control information
may carry UL and/or DL transmission grants for NR UEs in the nuni-slots 330. The
transmission grants may indicate transmussion configuration parameters, such as a modulation
order, a coding rate, a transnussion rank, and/or pre-coding pararneters. In addition, the DL
control information can indicate LTE reference signal resources, such as an LTE frequency
band and/or the frequency tones or frequency pattern at which the LTE reference signals 630
are transmitted, as described in greater detail herein,

[0062] When the LTE network 15 not tfransmutting data during the duration of the nim-~slot
330b, the NR BS may transmit data signals 640 in the symbols 340 indexed 8 to 10. For
example, the data signals 640 may carry data destined to a target NR UE. The NR UE may
recetve the reference signal 630 in the symbol 340 indexed 7 and the data signals 640 in the
symbols 340 indexed 8 to 10. The NR UE may estimate a DL channel response {e.g, from
the NR BS to the NR UE) based on the reference signal 630, The WNR UE may demodulate
the data signals 640 based on the DL channel estimate and decode the data from the
demodulated data signals. In some embodiments, the NR BS can additionally transmit a data
signal in the symbol 340 indexed 7, but skipping the frequency tones occupied by the
reference signal 630, The transmussions of the LTE reference signals 630 and the
transmissions of NR data are described in greater detail herein.

[6063] FIGS. 7 and 8 illustrate NR {ransmission mechanisms in a nested network system
similar to the system 200 reusing LTE reference signal resources based on the scheme 600.
In FIGS. 7 and 8, the x-axes represents time in some constant units and the yv-axes represents
frequency in some constant units.

16064} FIG. 7 illustrates an NR transmission scheme 700 that reuses L'TF resources according
to embodiments of the present disclosure. The scheme 700 provides a more detailed view of
the transmussions of the NR data signals 640 and the LTE reference signal 630 i the romni-
slot 330b. As described above in the scheme 600, the mini-slot 330b spans in time from the
symbol 340 indexed 7 to the symbol 340 indexed 10. FIG. 7 further illustrates the mini-slot
330b spanning in a frequency spectrum 702 across consecutive frequency tones 710, While
FIG. 7 illustrates a portion of the nuni-siot 330 including twelve frequency tones 710, the

nmni-slot 330 can include a greater number of frequency tones 710 or a less number of
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frequency tones 710, For example, both the NR network and the LTE network in the nestec
network system may operate over the frequency spectrum 702, In addition, the NR network
may use the same numerology as the LTE network. For example, both the NR network and
the LTE network may have a subcarrier or frequency tone spacing 704 of about 15 kilohertz
(kHz). In some embodiments, the NR network mav operate over a wider {requency band
than the LTE network, including the frequency band of the LTE network. For example, the
LTE frequency band may be from about 730 MHz to about 740 MHz and the NR frequency
band may be from about 720 MHz to about 760 MHz.
16665] As described in the scheme 600, the LTE reference signal 630 is transmitied in the
symbol 340 indexed 7. The pattern-filled boxes shown in FIG. 7 represent the transmissions
of the LTE reference signal 630 by the LTE BS. While FIG. 7 illustrates the transmission of
the LTE reference signal 630 on four frequency tones 710, the LTE reference signal 630 may
be transmitted on any suitable number of freguency tones 710 and any suitable frequency tone
locations in the symbol 340 indexed 7. In some instances, the number of frequency tones 710
used for carrving the LTE reference signal 630 may be dependent on the number of antennas
ports (e.g., LTE-CRS ports). In some embodiments, the LTE reference signal 630 may be a
predetermined sequence {e. g., a pseudo random sequence) and the sequence values may be
mapped onto sparsely spaced frequency tones 710, The selection of the frequency tones 710
for transmutting the LTE reference signal 630 and the selection of the sequence {(e.g., a
sequence root and/or a cyclic shift) may be dependent on the cell identifier of the LTE
network.
6066} The NR BS may transmit data signals 640 to the NR UE on the frequency tones 710 in
the symbols 340 indexed 8, 9, and 10. In some embodiments, the NR BS may additionally
transmit control information and/or data in the symbol 340 mdexed 7 on the frequency tones
710 that are not occupied by the LTE reference signal 630, When the NR UE receives signals
from the muni-slot 330b, the NR UE may determine the DL channel response at the frequency
tones 710 that carry the LTE reference signal 630 and may apply interpolation to obtain the
DL channel response across the frequency tones 710.
16667] FIG. 8 llustrates an NR transmission scheme 800 that reuses LTE resources according
to embodiments of the present disclosure. The scheme 800 ig similar to the scheme 700, but
illustrates NR transmissions when the NR network has a different numerology {e.g.,
frequency tone spacing) than the LTE network. For example, the LTE network has a
frequency tone spacing 704 of about 15 kHz, whereas the NR network has a frequency fone
spacing 804 of abowt 30 kHz. As shown, a nuni-slot 830 simular to the mini~slot 330b spans
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in time across the LTE symbol 340 indexed 7 to 10. However, the nuni-slot 830 span across
consecutive frequency tones 810 in the frequency spectrim 702 with a greater frequency tone
spacing 804 than the frequency tones 710. In addition, the mini-siot 830 includes two NR
svrobols 840 within each LTE symbol 340 since the NR frequency tone spacing 804 13 double
the LTE frequency tone spacing 704

10068} While the NR network has a different numerslogy than the LTE network, the LTE
network operations may not be affected or aware of the different numeroclogies. The LTE BS
may continue to transmit the LTE reference signal 630 at the same frequency tones 710 as in
the scheme 700. However, the NR UE may receive the LTE reference signal 630 across two
symbols 840 as shown. The NR UE may estimate DL channels based on the LTE reference
signal 630 at the frequencies (e.g., a portion of a frequency tone 810} where the LTE
reference signal 630 1s transmitted. The NR UE may apply interpolation to obtain the DL
channel across the frequency tones §10. The NR BS may transmit data signals 820 in the NR
symbols 840 corresponding to the LTE symbols 340 indexed 8, 9, and 10. In some
embodiments, the NR BS may not transmit data signals in the first two NR symbols 840 at the
beginning of the mini-slot 330b corresponding to the LTE symbol 340 indexed 7 where the
LTE reference signal 630 is transmitted due to the different numerslogies. The symbol “X”
shown in FIG. 8 represents no signal transmission on the frequency tones 8§10,

0069} FIG. 9 is a signaling diagram of a method 900 of reusing LTE resource in a nested
network system such as the system 200 according to embodiments of the present disclosure.
Steps of the method 900 can be executed by computing devices (e.g., a processor, processing
circunt, and/or other suitable component) of wireless communication devices, such as the BSs
206, 208, and 500 and the UEs 220 and 400, The method 900 can be better understood with
reference to FIGS. 6, 7, and & As illustrated, the method 900 includes a number of
enumerated steps, but embodiments of the method 900 may mclude additional sieps before,
after, and in between the enumerated steps. In some erabodiments, one or more of the
enwmerated steps may be omitied or performed in a different order. The method 900
illusirates one NR UE and a nested network BS including one NR BS and one LTE BS for
purposes of simaplicity of discussion, though it will be recognized that ernbodiments of the
present disclosure may scale to many more UFs and/or BSs. For example, the LTE BS, the
WNR BS, and the NR UE may represent the LTE BS 206, the NR BS 208, and the NR UE 220,
respectively, in the system 200, The LTE BS may operate in an LTE network similar to the

LTE network 240. The NR BS may operate 1o an NR network sinilar to the NR network 242
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overlaid on the LTE network. The NR UE may conumunicate with the NR BS in the NR
network, but receive reference signals (e g., the LTE reference signals 630) from the LTE BS.
[BG78] At step 903, the NR BS coordinates with the LTE BS {0 obtain LTE reference signal
resource information. The LTE reference signal resource mformation may mclude resource
mapping information such as a frequency pattern, tocations of frequency tones (e.g., the
frequency tones 710 and 810}, and/or locations of symbols {e. g.. the symbols 340 and 840}
where LTE reference signals {e.g., the LTE reference signals 630) are transmitted by the LTE
BS. In some nstances, the ime periods or symbol locations may be associated with a
multicast-broadeast single-frequency network (MBSFN} configuration. In addition, the LTE
reference signal resource information may inciude sequence information such as a sequence
rool and/or a cyvelic shuft used by LTE reference signals. In some instances, the number of
frequency tones used for carryving the LTE reference signals may be dependent on the number
of antennas ports {e.g., CRS ports) used for fransmitting the LTE reference signals. Thus, the
LTE reference signal resource information may also indicate the number of antenna ports.
Alternatively, the LTE reference signal resource information mav indicate parameters, such
as a cell identifier of the LTE network of the LTE BS, where the frequency pattern or tone
mapping of the LTE reference signals may be determined based on the parameters.

[B071] Atstep 910, the NR BS transmits the LTE reference signal configuration 1o the NR
UE mdicating the LTE reference signal resource information. The NR BS may transmat the
LTE reference signal configuration in the NR network via a radio resource configuration
{(RRC) message, a media access control (MAC) control element (CE), and/or downlink
control information (DCI). For example, the RRC message and the MAC CE may be carmed
in a data signal (e g.. the data signals 640 and 820} and the DCI may be carried inn a control
signal (e.g., a PBCCH signal). At step 920, the NR UE may store the LTE reference signal
configuration, for example, in a memory device such as the memory 404

{0072} At step 930, the LTE BS may transmit a first reference signal (e g., the reference
signal 630) according to the LTE reference signal configuration. For example, the first
reference signal may be an LTE CRS or an LTE CSI-RS. The LTE CRS may fimction as an
NR CRS in the NR network., The LTE CSI-RS may function as an NR CSI-RS in the NR
network. In addition, the LTE CSR and/or the LTE CSI-RS may function as tracking
reference signals in the NR network. In an embodiment, the NR BS may configure the NR
UE to use the first reference signal as an NR CRS, an NR CSI-RS, or an NR tracking RS

the LTE reference signal configuration.
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166731 At step 940, the NR UE may receive the first reference signals based on the LTE
reference signal configuration. The NR UE may determine channel measurements for the
first reference signal. Since the NR BS is co-located with the LTE BS, the NR UE may
determine a channel quality of the channel between the NR BS and the NR UE based on the
first reference signal. In addition, the NR UE may perform frequency offset tracking and/or
tirning offset tracking to correct a frequency error and/or a timing error based on the first
reference signal. A frequency error refers to the frequency difference between the carrier
frequency of the NR BS and the NR UE. A timing error refers to the timung difference
between the clock or crystals of the NR BS and the NR UE. At step 945, the NR UE may
transmit a COQF report to the NR BS indicating the measured channel quality.

[B874] At step 950, the NR BS may transmit DL data signals (e.g., the DL data signals 640
and 820} to the NR UE. At step 955, the LTE BS may transmit a second reference signal
{e.g., the reference signals 630} to the NR UE. For example, the DL data signals and the
second reference signal are transmitted on non-overiapping frequency tones {(e.g., the
frequency tones 710 and 810} as shown in the schemes 600, 700, and 800. The second
reference signal can function as a demodulation reference signal (DMRS) for the NR
transmission. In an embodiment, the NR BS mayv configure the NR UE to use the second
reference signal a DMRS,

[BO78] At step 960, upon receiving the DL data signals and the second reference signal, the
NR UE may decode DL data from the DL data signal based on the second reference signal.
For exarnple, the NR UE may determine a DL channel estimaie based on the second reference
signal. The NR UE may demodulate the DL data signals based on the DL channel estimate
and decode the DL data trom the demodulated signal. In some instances, when the first
reference signal and the DL data signal are received during the same time period, the NR UE
may rate match around the first reference signal based on the resource mapping information
(e.g., the frequency-~shift parameter veg) in the received configuration.

[6676] FIG. 10 is a flow diagram of a method 1000 of reusing LTE resource in a nested
network system such as the system 200 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 communication device,
such as the UEs 115, 220, and 400. The method 1000 may employ sinular mechanisms as in
the schemes 600, 700, and 800 and the method 900 described with respect (o FIGS. 6, 7, 8,
and 9, 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
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between the enumerated steps. In some embodiments, one or more of the enumerated steps
may be omitted or performed in a different order.

3077} At step 1010, the method 1000 includes receiving a configuration of a second network
(e.g., the LTE network 240). For example, the configuration may is recetved from an NR BS
{e.g., the NR BS 208). The NR BS and the wireless communication device are associated
with a first network (e.g., the NR network 242). The configuration may indicate LTE
reference signal resource information.

(6678} At step 1020, the method 1000 includes receiving, based on the configuration of the
second network, a reference signal {e.g.. the reference signals 630). For example, the
reference signal is received from an LTE BS {e.g., the LTE BS 206

[B079] At step 1030, the method 1000 mcludes determining a measurement in the first
network based on the reference signal of the second network. For example, the measurement
mayv be a channel quality, a frequency offset estimate, a timing offset estimate, and/or a DL
channel estimate.

60801 FIG. 11 15 a flow diagraro of a method 1100 of reusing LTE resource in a nested
network system such as the system 200 according to embodiments of the present disclosure.
Steps of the method 1100 can be executed by a computing device {e.g., a processor,
processing circuit, and/or other suitable component) of a wireless communication device,
such as the BSs 105, 205, 206, 208, and 500, The method 1100 may employ similar
mechanisms as in the schemes 600, 700, and 800 and the method 900 described with respect
1o FIGS. 6, 7, 8, and 9, respectively. As illusiraled, 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 performed in a different order.

[B081] Atstep 1110, the method 1100 includes obtaining a configuration of a second network
{e.g., the LTE network 240). For example, the wireless commumication device represents an
NR BS (e g, the NR BS 208} operating in a first network (e g., the NR network 242} and the
configuration of the second network may be obtained from an LTE BS (e.g., the LTE BS 206)
co-located with the NR BS. The configuration mayv indicate LTE reference signal resource
information.

[3082] Al step 1120, the method 1100 includes transmitting an instruction instructing a third
wireless communication {e.g., the NR UE 220) of the first network 1o receive a reference

signal {e.g., the LTE reference signals 630) based on the configuration of the second network.



WO 2018/200196 PCT/US2018/026930

16683 Information and signals may be represented using any of a vanety of different
technologies and techniques. For example, data, instructions, conumands, information, signals,
bits, symbols, and chips that may be referenced throughout the above description may be
represenied by voltages, currents, electromagnetic waves, magnetic fields or particles, optical
fields or particles, or any combination thereof.

[6684] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a DSP,
an ASIC, an FPGA or other programmmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform 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 microprocessors, one or more
MiCroprocessors in conjunction with a DSP core, or any other such configuration}.

16085} The functions described herein may be tmplemented in hardware, software executed
by a processor, firmware, or anv 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 software executed by a processor,
hardware, firmware, hardwiring, or combinations of any of these. Features implementing
functions may also be physically located at various posttions, 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 tems (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, tor example, alistof [at least ocne of A, B, or Clmeans Aor BorC or ABor AC or
BCor ABC (ie, Aand B and O).

{6686] Embodiments of the present disclosure inciude a method of wireless communication,
comprising recetving, by a first wireless convmunication device from a second wireless
communication device, a configuration of a second network, wherein the first wireless
communication device and the second wireless communication device are associated with a
first network, and wherein the first network and the second network are different; receiving,
by the first wireless communication device from a third wireless commurication device based

on the configuration of the second network, a reference signal, wherein the third wireless
24



WO 2018/200196 PCT/US2018/026930

communication device 1s associated with the second network; and determuning, by the first
wireless comununication device, a measurement in the first network based on the reference
signal of the second network.

[30887] The method further includes wherein the configuration indicates at least one of a
frequency tone of the reference signal, a reference signal sequence of the reference sigoal, or
a cell identifier of the second network., The method further includes wherein configuration
mdicates a numerology of the second network that 15 different {rom a numerology of the first
network. The method further includes transritting, by the first wireless communication
device to the second wireless communication device, the determined measuwrement. The
method further includes wherein the determining includes determining a channel quality of a
channel between the first wireless communication device and the second wireless
communication device based on the reference signal. The method further mcludes wherein
the determining includes determining a channel quality of a spatial layer between the first
wireless communication device and the second wireless commumication device based on the
reference signal. The method further includes performing, by the first wireless
communication device, error tracking based on the determined measurement, wherein the
error {racking includes at least one of a frequency offset tracking or a timing offset tracking.
The method {urther mcludes recetving, by the first wireless communication device from the
second wireless communication device a data signal; and demodulating, by the first wireless
communication device, the data signal based on the determined measurement. The method
further includes wherein the configuration indicates at least a first frequency tone and a time
period for a reference signal transmission by the second network, wherein the receiving the
reference signal includes receiving the reference signal on at least the first frequency tone
during the time period, wherein the recetving the data signal includes receiving the data signal
from at least a second frequency tone during the time period, and wherein the first frequency
tone and the second frequency tone are different. The method further includes wherein the
configuration indicates a time period for a reference signal transnussion by the second
network, wherein the recetving the reference signal includes receiving the reference signal
during the time period, and wherein the receiving the data signal includes receiving the data
signal during another time period. The method further includes wherein the second network
is a long-term evolution (LTE) network. The method further includes wherein the third
wireless communication device i3 a LTE base station (BS), and wherein the second wireless

communication device and the third wireless commurucation device are co-located.
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16688] Embodiments of the present disclosure include a method of wireless communication,
comprising obtaining, by a first wireless communication device from a second wireless
communication device, a configuration of a second network, wherein the first wireless
cormmunication device 15 associated with a first network, wherein the second wireless
communication device is associated with the second network, and wherein the first network
and the second network are different; and transmitting, by the first wireless conununication
device, an instruction instructing a third wireless commumcation device in the first network to
recetve a reference signal based on the configuration of the second network.
6689] The method further includes wherein the configuration indicates at least one of a
frequency tone of the reference signal, a reference signal sequence of the reference signal, or
a cell identifier of the second network. The method further includes wherein the
configuration indicates a numerology of the second network that 1s different fromn a
numerclogy of the first network, The method further includes receiving, by the first wirelass
communication device from the third wireless communication device, a measurement based
on at least the reference signal received by the third wireless communication device and the
configuration of the second network. The method further includes wherein the configuration
indicates at least a first frequency tone in a time period for a reference signal fransmission by
the second network, wherein the method further comprises transmitting, by the first wireless
communication device {o the third wireless comnmunication device, a data signal duning the
time period, and whergin the data signal is transmitted on at least a second frequency tone
different from the first {requency tone. The method further includes wherein the
configuration indicates a time period for a reference signal transmission by the second
network, and wherein the method further comprises transmitting, by the first wireless
communication device {o the third wireless communication device, a daia signal during
another timne period. The method further includes wherein the second network is along-term
evolution {LTE) network. The method further includes wherein the second wireless
communication device 15 a LTE base station (BS), and wherein the first wireless
communication device and the second wireless commumication device are co-located.
[669G] Embodiments of the present disclosure include an apparatus comprising a transceiver
configured to receive, from a second wireless communication device, a configuration of a
second network, wherein the apparatus and the second wireless communication device are
associated with a first network, and wherewn the {irst network and the second network are
different; and receive, from a third wireless commumication device based on the configuration
of the second network, a reference signal, wherein the third wireless communication device is
26
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assoctated with the second network; and a processor configured to deternuine a measurement
in the first network based on the reference signal of the second network.

[6691] The apparatus further includes wherein the configuration indicates at least one of a
frequency tone of the reference signal, a reference signal sequence of the reference signal, or
a cell identifier of the second network. The apparatus further includes wherein configuration
indicates a numerology of the second network that is different from a numerology of the first
network. The apparatus further ncludes wherein the transceiver is further configured to
transot, to the second wireless communication devige, the deternuned measurement. The
apparatus further includes wherein the processor is further configured to determine the
measurement by determining a channel quality of a channel between the apparatus and the
second wireless commumcation device based on the reference signal. The apparatus further
includes wherein the processor is further configured to deternune the measurement by
determuning a channel guality of a spatial laver between the apparatus and the second wireless
communication device based on the reference signal. The apparatus further includes wherein
the processor is further configured to perform error fracking based on the deternuned
measurement, and wherein the error tracking includes at least one of a frequency offset
tracking or a timing offset tracking. The apparatus further includes wherein the transceiver is
further configured to receive, from the second wireless commumication device, a data signal,
and wherein the processor s further configured to demodulate the data signal based on the
determined measurement. The apparatus further includes wherein the configuration indicates
at least a first frequency tone and a time period for a reference signal fransmission by the
second network, and wherein the transcetver is further configured (o receive the reference
signal by receiving the reference signal on at least the first frequency tone during the time
period; and receive the data signal by receiving the daia signal from at least a second
frequency tone during the time period, wherein the first frequency fone and the second
frequency tone are different. The apparatus further includes wherein the configuration
indicates a time period for areference signal transmission by the second network, and
wherein the transceiver is further configure 1o receive the reference signal by receiving the
reference signal during the time period; and receive the data signal by receiving the data
signal during another time period. The apparatus further includes wherein the second
network is a long-term evolution {LTE} network. The apparatus further includes wherein the
third wireless commumication device 1s a LTE base station (BS), and wherein the second

wireless cornmunication device and the third wireless commumication device are co-located.
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16692] Embodiments of the present disclosure include an apparatus comprising a processor
configured fo obtain, from a second wireless communication device, a configuration of a
second network, wherein the apparatus is associated with a first network, wherein the second
wirelese communication device 1s associated with the second network, and wherein the first
network and the second network are different; and a transceiver configured to transnuit an
instruction instructing a third wireless communication device in the first network to receive a
reference signal based on the configuration of the second network.

16693] The apparatus further includes wherein the configuration indicates af least one of a
frequency tone of the reference signal, a reference signal sequence of the reference signal, or
a cell identifier of the second network. The apparatus further includes wherein the
configuration ndicates a numerology of the second network that is different from a
numerology of the first network. The apparatus further includes wherein the transceiver is
further configured to receive, from the third wireless communication device, a measurement
based on at least the reference signal received by the third wireless communication device and
the configuration of the second network. The apparatus further includes wherein the
configuration indicates at feast a first frequency tone in a time period for a reference signal
transnmussion by the second network, wherein the transceiver is further configured to transmit,
to the third wireless communication device, a data signal during the time period, and wherein
the data signal is transmitted on at least a second frequency tone ditfferent from the first
frequency tone. The apparatus further includes wherein the configuration indicates a time
period for a reference signal transmussion by the second network, and wherein the transceiver
13 further configured to transmit, to the third wireless communication device, a data signal
during another time period. The apparatus further includes wherein the second network is a
fong-term evoluiion (LTE) network. The apparatus further includes wherein the second
wireless communication device 13 a LTE base station (BS), and wherein the apparatus and the
second wireless commumcation device are co-located.

[6694] Embodiments of the present disclosure include a computer-readable medium having
program code recorded thereon, the program code comprising code for causing a first wireless
communication device to recetve, from a second wireless communication device, a
configuration of a second network, wherein the first wireless communication device and the
second wireless communication device are associated with a first network, and wherein the
first network and the second network are different; code for causing the first wireless
communication device to receive, from a third wireless conmmunication device based on the

configuration of the second network, a reference signal, wherein the third wireless
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communication device is associated with the second network; and code for causing the first
wireless communication device to determine a measurement in the first network based on the
reference signal of the second network.

[60695] The computer-readable mediom further includes wherein the configuration indicates
at feast one of a frequency tone of the reference signal, a reference signal sequence of the
reference signal, or a cell identifier of the second network. The computer-readable medium
further includes wherein configuration indicates a numerclogy of the second network that is
different from a numerology of the first network. The coraputer-readable roedium further
includes code for causing the first wireless conununication device to transmit, to the second
wireless comimunication device, the determined measurement. The computer-readable
medium further includes wherein the code for causing the first wireless communication
device to determine the measurement 1s further configured to determine a channel quality of a
channel between the first wireless communication device and the second wireless
communication device based on the reference signal. The computer-readable medium further
includes wherein the code for causing the first wireless comynunication device to determine
the measurement 1s further configured to determine a channel quality of a spatial laver
between the first wireless communication device and the second wireless communication
device based on the reference signal. The computer-readable mediom further includes code
for causing the first wireless commmunication device to perform error tracking based on the
determined measurement, wherein the error tracking includes at least one of a frequency
offset tracking or a iming offset tracking. The computer-readable mediumn further includes
code for causing the first wireless communication device to receive, from the second wireless
communication device a data signal; and code for causing the first wireless communication
device to demodulate the data signal based on the determined measurement. The computer-
readable medium further includes wherein the configuration indicates at least a first frequency
tone and a time period for a reference signal transnussion by the second network, wherein the
code for causing the first wireless communication device to receive the reference signal is
further configured to receive the reference signal on at least the first frequency tone during
the time period, wherein the code for causing the first wireless commmunication device to
receive the data signal is further configured to receive the data signal from at least a second
frequency tone during the time period, and wherein the first frequency tone and the second
frequency tone are different. The computer-readable medium further includes wherein the
configuration indicates a time period for a reference signal transnussion by the second

network, wherein the code for causing the first wireless commumication device 1o receive the
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reference signal 1s further configured to receive the reference signal during the time period,
and wherein the code for causing the first wireless communication device to receive the data
signal is further configured 1o receive the data signal during another time period. The
computer-readable medium further includes wherein the second network is a long-term
evolution {LTE) network. The computer-readable medium further includes wheremn the third
wireless communication device is a LTE base station (BS), and wherein the second wireless
commumnication device and the third wireless commumication device are co-located.
16696] Embodiments of the present disclosure include a computer-readable medium having
program code recorded thergon, the program code comprising code for causing a first wireless
communication device to obtain, from a second wireless communication device, a
configuration of a second network, wherein the first wireless commumication device is
associated with a first network, wherein the second wireless communication device s
associated with the second network, and wherein the first network and the second network are
different; and code for causing the first wireless commumication device to transmit an
instruction nstructing a third wireless conununication device in the first network to receive a
reference signal based on the configuration of the second network.
{3397} The computer-readable medium further includes wherein the configuration indicates
at least one of a frequency tone of the reference signal, a reference signal sequence of the
reference signal, or a cell identifier of the second network. The computer-readable rmedium
further includes wherein the configuration indicates a numerology of the second network that
iz different from a numerology of the first network. The computer-readable medium further
inchudes code for causing the fivst wireless communication device to receive, from the third
wireless communication device, a measurement based on at least the reference signal received
by the third wireless communication device and the configuration of the second network. The
computer-readable medium further includes wherein the configuration indicates at least a fivst
frequency tone in a time pertod for a reference signal transnussion by the second network,
wherein the computer-readable medium further comprises code for causing the first wireless
communication device to transmit, io the third wireless communication device, a data signal
during the time penod, and wherein the data signal is transmitied on at least a second
frequency tone different from the first frequency tone. The computer-readable medium
further includes wherein the configuration indicates a time period for a reference signal
transmission by the second network, and wherein the computer-readable medium forther
comprises code for causing the first wireless communication device (o transmit, to the third
wireless communication device, a data signal during another time period. The computer-
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readable medium further includes wherein the second netwaork 15 a long-term evolution (LTE)
network. The computer-readable medium further includes wherein the second wireless
communication device is a LTE base station {BS), and wherein the {irst wireless
communication device and the second wireless communication device are co-located.

3098} Fmbodiments of the present disclosure include an apparatus comprising means for
receiving, from a second wireless communication device, a configuration of a second
network, wherein the apparatus and the second wireless cormmunication device are assoctated
with a first network, and wherein the firs{ network and the second network are different;
means for receiving, from a third wireless communication device based on the configuration
of the second network, a reference signal, wherein the third wireless communication device is
associated with the second network; and means for determining a measurement in the first
network based on the reference signal of the second network.

[6699] The apparatus further includes wherein the configuration indicates at least one of a
frequency tone of the reference signal, a reference signal sequence of the reference signal, or
a cell 1dentifier of the second network. The apparatus further includes wherein configuration
indicates a numeroclogy of the second network that 1s different from a numerology of the first
network. The apparatus further includes means for transmitting, to the second wireless
communication device, the determuned measurement. The apparatus further inclades wherein
the means for determinung the measurement 15 further configured to determine a channel
quality of a channel between the apparatus and the second wireless commumnication device
based on the reference signal. The apparatus further includes wherein the means for
determining the measurementi is further configured to determine a chamnel quality of a spatial
layer between the apparatus and the second wireless communication device based on the
reference signal. The apparatus further includes means for performing error tracking based
on the determined measurement, wherein the error tracking includes at least one of a
frequency offset tracking or a tirming offset tracking. The apparatus further includes means
for receiving, from the second wireless communication device, a data signal; and means for
demodulating the data signal based on the determined measurement. The apparatus further
mcludes wherein the configuration indicates at least a first frequency tone and a time period
for a reference signal transmission by the second network, wherein the means for receiving
the reference signal is further configured to receive the reference signal on at least the first
frequency tone during the tirne period, wherein the means for receiving the data signal 13
further configured to receive the data signal from at least a second frequency tone during the

time period, and wherein the first frequency tone and the second frequency tone are different.
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The apparatus further includes wherein the configuration indicates a time period for a
reference signal transmission by the second network, wherein the means for receiving the
reference signal is further configured 1o receive the reference signal during the time period,
and wherein the means for recetving the data signal is further configured to receive the data
signal during another time peniod. The apparatus further includes wherein the second
network is a long-term evolution (LTE) network. The apparatus further includes wherein the
third wireless communication device 15 a LTE base station (BS), and wherein the second
wireless conmmunication device and the third wireless communication device are co-located.
16106] Embodiments of the present disclosure include an apparatus comprising means for
obtaining, from a second wireless communication device, a configuration of a second
network, wherein the apparatus i1s associated with a first network, wherein the second wireless
communication device is associated with the second network, and wherein the first network
and the second network are different; and means for transmitting an instruction instructing a
third wireless communication device in the first network to receive a reference signal based
on the configuration of the second network.

[6101] The apparatus further includes wherein the configuration indicates at least one of a
frequency tone of the reference signal, a reference signal sequence of the reference signal, or
a cell identifier of the second network., The apparatus further includes wherein the
configuration indicates a numerology of the second network that 1s different fromn a
numeroclogy of the first network, The apparatus further includes means for receiving, from
the third wireless commumication device, a measurement based on at least the reference signal
received by the third wireless communication device and the configuration of the second
network. The apparatus further includes wherein the configuration indicates at least a first
frequency tone in a time period for a reference signal transmission by the second network,
wherein the apparatus further comprises means for transmitting, to the third wireless
communication device, a data signal during the time period, and wherein the data signal is
transmitted on at least a second frequency tone different from the first frequency tone. The
apparatus further includes wherein the configuration indicates a time period for a reference
signal transmission by the second network, and wherein the apparatus further comprises
means for transmitting, to the third wireless commumication device, a data signal during
another time period. The apparatus further includes wherein the second network is a long-
term evolution (LTE) network. The apparatus further includes wherein the second wireless
communication device is a L'TE base station (BS), and wherein the apparatus and the second

wireless commumnication device are co-located.
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16162} As those of some skill in this art will by now appreciate and depending on the
particular application at hand, many modifications, substititions and vanations 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 spint and scope thereof. In light of this, the
scope of the present disclosure should not be limited to that of the particular embodiments
thustrated and described herein, as thev are merely by way of some examples thereof, but
rather, should be fully commensurate with that of the claims appended hereafter and their

functional equivalents.
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WHAT IS CLAIMED Is:

1. A method of wireless communication, comprising:

receiving, by a first wireless commumnication device from a second wireless
communication device, a reference signal configuration of a first network of a long-term
evolution (LTE) radio access technology (RAT), wherein the first wireless commumication
device and the second wireless communication device are associated with a second network
of another RAT: and

ecetving, by the first wireless communication device from the second wireless
communication device, a commumnication signal in the second network based on the reference

signal configuration of the first network.

2. The method of claim 1, wherein the reference signal configuration indicates at least
one of a frequency tone of a reference signal of the first network, a time period of the
reference signal of the first network, or a number of antenna ports associated with the
reference signal of the first network.

3. The method of claim 2, wherein the reference signal configuration indicates the
frequency tone of the reference signal of the first network, and wherein the receiving the
communication signal is further based on a mapping of data tones to frequency tones that are

non-overlapping with the frequency tone of the reference signal of the first network.

4, The method of claim 1, wherein the reference signal configuration indicates at least
one of sequence information for a reference signal of the first network or a cell identifier of

the first network.

5. The method of claim 1, wherein the reference signal configuration indicates a

numerology of the first network that is different from a numerology of the second network.

6. The method of claim 1, further comprising:
eceiving, by the first wireless communication device from a third wireless
communication device associated with the first network, a reference signal based on the

reference signal configuration,
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wherein the receiving the conwnunication signal 15 further based on the reference

signal.

7. The method of claim 6, further comprising:

deterrining, by the first wireless cornmunication device, a measurement of the second
network based on the reference signal of the first network; and

transmuiting, by the first wireless communication device to the second wireless

commumnication device, the determined measurement.

8. The method of claim 1, wherein the receiving the reference signal configuration
mncludes:

receiving, by the first wireless communication device from the second wireless
communication device, at least one a radio resource control (RRC) message including the
reference signal configuration, a media access control {(MAC) conirol element {CE) including
the reference signal configuration, or downlink control information (DCT) including the

reference signal configuration.

9. A method of wireless commmumnication, comprising:

obtairing, by a first wireless communication device from a second wireless
communication device, a reference signal configuration of a first network of a long-term
evolution (LTE) radio access technology (RAT), wherein the second wireless communication
device 1g associated with the first network, and wherein the first wirelese communication
device is associated with a second network of another RAT;

transmitting, by the first wireless communication device to a third wireless
communication device in the second network, the reference signal configuration of the first
network; and

transmitting, by the first wireless communication device to the third wireless
communication device, a communication signal in the second network based on the reference

signal configuration of the first network.

10 The method of claim 9, wherein the reference signal configuration indicates at least
one of a frequency tone of a reference signal of the first network, a time period of the
reference signal of the first network, or a nuraber of antenna ports associated with the

reference signal of the first network.
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11 The method of claim 10, wherein the reference signal configuration indicates the
frequency tone of the reference signal of the first network, and wherein the transmitting the
communication signal is further based on a mapping of data tones to frequency tones that are

non-overtapping with the frequency tone of the reference signal of the first network.

12. The method of claim 9, wherein the reference signal configuration indicates at least
one of sequence information for a reference signal of the first network or a cell identifier of

the first network.

13 The method of claim 9, wherein the reference signal configuration indicates a

numerology of the second network that 1s different from a numerology of the first network.

14, The method of claim 9, further comprising:
recerving, by the first wireless communication device from the third wireless
communication device, a measurement based on at least a reference signal received by the

third wireless communication device and the reference signal configuration of the first

network.
15 The method of claim 9, wherein the transmitting the reference signal configuration
mchudes:

transmuiting, by the first wireless communication device to the second wireless
communication device, at [east one a radio resource control (RRC) message including the
reference signal configuration, a media access control (MAC) control element (CF) including
the reference signal configuration, or downhink control information (BCI) including the

reference signal configuration.

16. An apparatus comprising:
a transceiver configured to:

receive, from a second wireless communication device, a reference signal
configuration of a first network of a long-term evolution (LTE) radio access
iechnology (RAT), wherein the apparatus and the second wireless communication

device are associated with a second network of another RAT, and
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receive, from the second wireless communication device, a communication
signal in the second network based on the reference signal configuration of the first

network.

17, The apparatus of claim 16, wherein the reference signal configuration indicates at
least one of a frequency tone of a reference signal of the first network, a time period of the
reference signal of the first network, or a number of antenna ports associated with the

reference signal of the first network.

18.  The apparatus of claim 17, wherein the reference signal configuration indicates the
frequency tone of the reference signal of the first network, and wherein the transceiver is
further contigured 1o receive the communication signal based on a mapping of data tones to
frequency tones that are non-overlapping with the frequency tone of the reference signal of

the first network.

19, The apparatus of claim 16, wherein the reference signal configuration indicates at
teast one of sequence mformation for a reference signal of the first network or a cell identifier

of the first network,

20, The apparatus of claim 16, wherein the reference signal configuration indicates a

numerology of the first network that 1s different from a numerology of the second network.

21, The apparatus of claim 16, wherein the transceiver is further configurad to:
receive, from a third wireless communication device associated with the {irst network,
a reference signal based on the reference signal configuration; and

receive the communication signal further based on the reference signal.

22. The apparatus of claim 21, further comprising:

a processor configured to determine a measurement of the second network based on
the reference signal of the first network,

wherein the transceiver is further configured to fransmut, to the second wireless

communication device, the determuned measurement,
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23. The apparatus of claim 21, wherein the third wireless communication deviceis a LTHE
base station (BS), and wherein the second wireless communication device and the third

wireless communication device are co-located.

24 An apparatus comprising;

a processor configured to obtain, from a second wireless commumication device, a
reference signal configuration of a first network of a long-term evolution (LTE) radio access
technology (RAT), wherein the second wireless communication device 1s associated with the
first network, and wherein the apparatus s associated with a second network of another RAT!
and

a transceiver configured to:

transnut, to a thurd wireless communication device in the second network, the
reference signal configuration of the first network; and
{ransmit, to the third wireless communication device, a commumication signal

in the second network based on the reference signal configuration of the first network.

25.  The apparatus of claim 24, wherein the reference signal configuration indicates at
least one of a frequency tone of a reference signal of the first network, a time pertod of the
reference signal of the first network, or a nurnber of antenna ports associated with the

reference signal of the first network.

26, The apparatus of claim 23, wherein the reference signal configuration indicates the
frequency tone of the reference signal of the first network, and wherein the transceiver is
further configured to transmit the conmmunication signal further based on a mapping of data
tones to frequency tones that are non-overlapping with the frequency tone of the reference

signal of the first network,

27.  The apparatus of claim 24, wherein the reference signal configuration indicates at
least one of sequence information for a reference signal of the first network or a cell identifier

of the first network.

28, The apparatus of claim 24, wherein the reference signa configuration indicaies a

numerology of the second network that is different from a numerology of the first network.
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29, The apparatus of claim 24, wherein the transceiver is further configured to receive,
from the third wireless communication device, a measurement based on at least a reference
signal recetved by the third wireless communication device and the reference signal

configuration of the first network.
30.  The apparatus of claim 24, wherein the second wireless communication device is a

LTE base station (BS), and wherein the apparatus and the second wirgless communication

device are co-located.
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