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Description

INTRODUCTION

[0001] Aspects of the present disclosure relate to wire-
less communications systems and, more particularly, to
interference aware transceivers for heterogeneous nu-
merology systems.
[0002] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, and broad-
casts. Typical wireless communication systems may em-
ploy multiple-access technologies capable of supporting
communication with multiple users by sharing available
system resources (e.g., bandwidth, transmit power). Ex-
amples of such multiple-access technologies include
Long Term Evolution (LTE) systems, code division mul-
tiple access (CDMA) systems, time division multiple ac-
cess (TDMA) systems, frequency division multiple ac-
cess (FDMA) systems, orthogonal frequency division
multiple access (OFDMA) systems, single-carrier fre-
quency division multiple access (SC-FDMA) systems,
and time division synchronous code division multiple ac-
cess (TD-SCDMA) systems. ERICSSON: "Mixed Nu-
merology in an OFDM System", 3GPP Draft; R1-165833,
vol RAN WG1, Nanjing May 2016 discusses that a trans-
mitter and receiver side spectral confinement operation
(e.g., windowing, filtering) is required to reduce inter-nu-
merology interference. US 2013/0163529 A1 relates to
methods and apparatus for handling, within resources of
an assignment channel, different availability of interfer-
ence.
[0003] A wireless communication network may include
a number of Node Bs that can support communication
for a number of user equipments (UEs). A UE may com-
municate with a Node B via the downlink and uplink. The
downlink (or forward link) refers to the communication
link from the Node B to the UE, and the uplink (or reverse
link) refers to the communication link from the UE to the
Node B.
[0004] These multiple access technologies have been
adopted in various telecommunication standards to pro-
vide a common protocol that enables different wireless
devices to communicate on a municipal, national, region-
al, and even global level. An example of an emerging
telecommunication standard is new radio (NR, e.g., 5G
radio access (RA)). NR is a set of enhancements to the
LTE mobile standard promulgated by Third Generation
Partnership Project (3GPP). It is designed to better sup-
port mobile broadband Internet access by improving
spectral efficiency, lower costs, improve services, make
use of new spectrum, and better integrate with other open
standards using OFDMA with a cyclic prefix (CP) on the
downlink (DL) and on the uplink (UL) as well as support
beamforming, multiple-input multiple-output (MIMO) an-
tenna technology, and carrier aggregation. However, as
the demand for mobile broadband access continues to
increase, there exists a need for further improvements

in NR technology. Preferably, these improvements
should be applicable to other multi-access technologies
and the telecommunication standards that employ these
technologies.

SUMMARY

[0005] Aspects of the invention are defined in the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] So that the manner in which the above-recited
features of the present disclosure can be understood in
detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of
which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are
therefore not to be considered limiting of its scope, for
the description may admit to other equally effective as-
pects.

FIG. 1 is a block diagram conceptually illustrating an
example telecommunications system, according to
aspects of the present disclosure.

FIG. 2 is a block diagram conceptually illustrating an
example downlink frame structure in a telecommu-
nications system, according to aspects of the present
disclosure.

FIG. 3 is a diagram illustrating an example uplink
frame structure in a telecommunications system, ac-
cording to aspects of the present disclosure.

FIG. 4 is a block diagram conceptually illustrating a
design of an example Node B and user equipment
(UE), according to aspects of the present disclosure.

FIG. 5 is a diagram illustrating an example radio pro-
tocol architecture for the user and control planes,
according to aspects of the present disclosure.

FIG. 6 illustrates an example subframe resource el-
ement mapping, according to aspects of the present
disclosure.

FIG. 7 illustrates an example system with a hetero-
geneous numerology using GBs, according to as-
pects of the present disclosure.

FIG. 8 illustrates an example system with a hetero-
geneous numerology not using GBs, according to
aspects of the present disclosure.

[0007] In an aspect, an apparatus for wireless commu-
nication by a first user equipment (UE) is provided. The

1 2 



EP 3 497 856 B1

3

5

10

15

20

25

30

35

40

45

50

55

apparatus generally includes means for determining in-
terference information associated with downlink (DL)
transmission from a base station (BS) to a second UE,
wherein a narrow guard band (GB) or lack of a GB is
present to separate a first resource block (RB) used for
DL transmission from the BS to the first UE and a second
RB used for DL transmission from the BS to the second
UE and means for taking one or more actions based, at
least in part, on the interference information.
[0008] In an aspect, an apparatus for wireless commu-
nication by a by a base station (BS) is provided. The
apparatus generally includes means for determining
presence of a narrow guard band (GB) or lack of a GB
to separate a first resource block (RB) used for uplink
(UL) transmission from a first user equipment (UE) to the
BS and a second RB used for UL transmission from a
second UE to the BS and in response to the determina-
tion, means for transmitting, to the first UE, interference
information associated with the UL transmission from the
second UE to the BS.
[0009] In an aspect, an apparatus for wireless commu-
nication by a first user equipment (UE) is provided. The
apparatus generally includes means for receiving inter-
ference information associated with an uplink (UL) trans-
mission from a second UE to a base station (BS), wherein
a narrow guard band (GB) or lack of a GB is present to
separate a first resource block (RB) used for UL trans-
mission from the first UE to the BS and a second RB
used for UL transmission from the second UE to the BS
and means for transmitting uplink data to the BS based,
at least in part, on the interference information.
[0010] In an aspect, an apparatus for wireless commu-
nication by a base station (BS) is provided. The apparatus
generally includes at least one processor, a transmitter,
and a memory coupled to the at least one processor. The
at least one processor is configured to determine pres-
ence of a narrow guard band (GB) or lack of a GB to
separate a first resource block (RB) used for downlink
(DL) transmission from the BS to a first user equipment
(UE) and a second RB used for DL transmission from
the BS to a second UE and the transmitter configured to
transmit, to the first UE, interference information associ-
ated with the transmission from the BS to the second UE,
in response to the determination.
[0011] In an aspect, an apparatus for wireless commu-
nication by a first user equipment (UE) is provided. The
first UE generally includes at least one processor and a
memory coupled to the at least one processor. The at
least one processor is configured to determine interfer-
ence information associated with downlink (DL) trans-
mission from a base station (BS) to a second UE, wherein
a narrow guard band (GB) or lack of a GB is present to
separate a first resource block (RB) used for DL trans-
mission from the BS to the first UE and a second RB
used for DL transmission from the BS to the second UE
and take one or more actions based, at least in part, on
the interference information.
[0012] In an aspect, an apparatus for wireless commu-

nication by a base station (BS) is provided. The apparatus
generally includes at least one processor, a transmitter,
and a memory coupled to the at least one processor. The
at least one processor is configured to determine pres-
ence of a narrow guard band (GB) or lack of a GB to
separate a first resource block (RB) used for uplink (UL)
transmission from a first user equipment (UE) to the BS
and a second RB used for UL transmission from a second
UE to the BS and the transmitter is configured to transmit,
to the first UE, interference information associated with
the UL transmission from the second UE to the BS, in
response to the determination.
[0013] In an aspect, an apparatus for wireless commu-
nication by a first user equipment (UE) is provided. The
apparatus generally includes a receiver configured to re-
ceive interference information associated with an uplink
(UL) transmission from a second UE to a base station
(BS), wherein a narrow guard band (GB) or lack of a GB
is present to separate a first resource block (RB) used
for UL transmission from the first UE to the BS and a
second RB used for UL transmission from the second
UE to the BS and a transmitter configured to transmit
uplink data to the BS based, at least in part, on the inter-
ference information. The apparatus may include at least
one processor and a memory coupled to the at least one
processor.
[0014] In an aspect, a computer readable medium for
wireless communication by a base station (BS) is provid-
ed. The computer readable medium has instructions
stored thereon for determining presence of a narrow
guard band (GB) or lack of a GB to separate a first re-
source block (RB) used for downlink (DL) transmission
from the BS to a first user equipment (UE) and a second
RB used for DL transmission from the BS to a second
UE and in response to the determination, transmitting,
to the first UE, interference information associated with
the transmission from the BS to the second UE.
[0015] In an aspect, a computer readable medium for
wireless communication by a first user equipment (UE)
is provided. The computer readable medium has instruc-
tions stored thereon for determining interference infor-
mation associated with downlink (DL) transmission from
a base station (BS) to a second UE, wherein a narrow
guard band (GB) or lack of a GB is present to separate
a first resource block (RB) used for DL transmission from
the BS to the first UE and a second RB used for DL trans-
mission from the BS to the second UE, and taking one
or more actions based, at least in part, on the interference
information.
[0016] In an aspect, a computer readable medium for
wireless communication by a base station (BS) is provid-
ed. The computer readable medium has instructions
stored thereon for determining presence of a narrow
guard band (GB) or lack of a GB to separate a first re-
source block (RB) used for uplink (UL) transmission from
a first user equipment (UE) to the BS and a second RB
used for UL transmission from a second UE to the BS
and in response to the determination, transmitting, to the
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first UE, interference information associated with the UL
transmission from the second UE to the BS.
[0017] In an aspect, a computer readable medium for
wireless communication by a first user equipment (UE)
is provided. The computer readable medium has instruc-
tions stored thereon for receiving interference informa-
tion associated with an uplink (UL) transmission from a
second UE to a base station (BS), wherein a narrow
guard band (GB) or lack of a GB is present to separate
a first resource block (RB) used for UL transmission from
the first UE to the BS and a second RB used for UL trans-
mission from the second UE to the BS and transmitting
uplink data to the BS based, at least in part, on the inter-
ference information.
[0018] To the accomplishment of the foregoing and re-
lated ends, the one or more aspects comprise the fea-
tures hereinafter fully described and particularly pointed
out in the claims. The following description and the an-
nexed drawings set forth in detail certain illustrative fea-
tures of the one or more aspects. These features are
indicative, however, of but a few of the various ways in
which the principles of various aspects may be employed,
and this description is intended to include all such aspects
and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] So that the manner in which the above-recited
features of the present disclosure can be understood in
detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of
which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are
therefore not to be considered limiting of its scope, for
the description may admit to other equally effective as-
pects.

FIG. 1 is a block diagram conceptually illustrating an
example telecommunications system, according to
aspects of the present disclosure.

FIG. 2 is a block diagram conceptually illustrating an
example downlink frame structure in a telecommu-
nications system, according to aspects of the present
disclosure.

FIG. 3 is a diagram illustrating an example uplink
frame structure in a telecommunications system, ac-
cording to aspects of the present disclosure.

FIG. 4 is a block diagram conceptually illustrating a
design of an example Node B and user equipment
(UE), according to aspects of the present disclosure.

FIG. 5 is a diagram illustrating an example radio pro-
tocol architecture for the user and control planes,
according to aspects of the present disclosure.

FIG. 6 illustrates an example subframe resource el-
ement mapping, according to aspects of the present
disclosure.

FIG. 7 illustrates an example system with a hetero-
geneous numerology using GBs, according to as-
pects of the present disclosure.

FIG. 8 illustrates an example system with a hetero-
geneous numerology not using GBs, according to
aspects of the present disclosure.

FIG. 9 illustrates an example of corrupt tones, ac-
cording to aspects of the present disclosure.

FIG. 10 is a flowchart illustrating example operations
for wireless communications by a BS, according to
aspects of the present disclosure.

FIG. 11 is a flowchart illustrating example operations
for wireless communications by a first UE, according
to aspects of the present disclosure.

FIG. 12 illustrates an example of handling interfer-
ence, according to aspects of the present disclosure.

FIG. 13 illustrates an example of DL communication
in a heterogeneous wireless communication system,
according to aspects of the present disclosure.

FIG. 14 is a flowchart illustrating example operations
for wireless communications by a BS, according to
aspects of the present disclosure.

FIG. 15 is a flowchart illustrating example operations
for wireless communications by a first UE, according
to aspects of the present disclosure.

FIG. 16 illustrates an example of UL communication
in a heterogeneous wireless communication system,
according to aspects of the present disclosure.

FIG. 17 illustrates a block diagram of a system in-
cluding a UE configured to handle interference in a
heterogeneous numerology environment, according
to aspects of the present disclosure.

FIG. 18 illustrates a block diagram of a system in-
cluding a BS configured to handle interference in a
heterogeneous numerology environment, according
to aspects of the present disclosure.

[0020] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. It is
contemplated that elements disclosed in one aspect may
be beneficially utilized on other aspects without specific
recitation.
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DETAILED DESCRIPTION

[0021] Aspects of the present disclosure provide ap-
paratus, methods, processing systems, and computer
readable mediums for interference aware transceivers in
heterogeneous numerology systems. Heterogeneous
numerology systems may refer to wireless communica-
tion systems in which UEs may be asynchronous, have
different intercarrier spacing and/or have different cyclic
prefix lengths.
[0022] Due to the heterogeneous numerology, an
OFDM waveform transmitted by a BS to a first UE may
interfere with an OFDM waveform transmitted by the
same BS to a second UE. Guard bands (GB) may be
used to separate DL transmissions to UEs within a sys-
tem; however, GBs may lead to unused (wastage) of
spectrum, which is generally a valuable resource.
[0023] The use of a narrow GB or even a lack of a
guard band between DL transmissions for UEs or UL
transmissions from UEs within a system may save spec-
trum resources. However, DL transmissions for different
UEs may interfere with each other without sufficient sep-
aration of the DL transmissions. Similarly, UL transmis-
sions from different UEs to a BS may interfere with each
other without sufficient separation of the UL transmis-
sions.
[0024] Accordingly, aspects of the present disclosure
provide techniques for identifying interference and tech-
niques for interference handling in scenarios where no
guard band exists between DL transmissions from a BS
to at least two UEs in a system and/or a only a narrower
guard band than is needed to separate DL transmissions
to UEs is present between DL transmissions to at least
two UEs in a system.
[0025] Additionally, aspects of the present disclosure
provide techniques for identifying interference and tech-
niques for interference handling in scenarios where no
guard band exists between UL transmissions from at
least two UEs in a system to a BS and/or a only a narrower
guard band than is needed to separate UL transmissions
to the BS is present.
[0026] Thus, the aspects described herein facilitate
communication in a heterogeneous wireless communi-
cation environment. Based at least in part on interference
information, transceivers at the UE and BS may account
for interference caused by communication without guard
bands or with a narrow guard band.
[0027] Various other aspects and features of the dis-
closure are further described below. It should be appar-
ent that the teachings herein may be embodied in a wide
variety of forms and that any specific structure, function,
or both being disclosed herein is merely representative
and not limiting. Based on the teachings herein one of
an ordinary level of skill in the art should appreciate that
an aspect disclosed herein may be implemented inde-
pendently of any other aspects and that two or more of
these aspects may be combined in various ways. For
example, an apparatus may be implemented or a method

may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be im-
plemented or such a method may be practiced using oth-
er structure, functionality, or structure and functionality
in addition to or other than one or more of the aspects
set forth herein. For example, a method may be imple-
mented as part of a system, device, apparatus, and/or
as instructions stored on a computer-readable medium
for execution on a processor or computer. Furthermore,
an aspect may comprise at least one element of a claim.
[0028] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration." Any
aspect described herein as "exemplary" is not necessar-
ily to be construed as preferred or advantageous over
other aspects.
[0029] Although particular aspects are described here-
in, many variations and permutations of these aspects
fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are
mentioned, the scope of the disclosure is not intended
to be limited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be
broadly applicable to different wireless technologies, sys-
tem configurations, networks, and transmission proto-
cols, some of which are illustrated by way of example in
the figures and in the following description of the pre-
ferred aspects. The detailed description and drawings
are merely illustrative of the disclosure rather than limiting
and the scope of the disclosure is being defined by the
appended claims.
[0030] The techniques described herein may be used
for various wireless communication networks such as
LTE, CDMA, TDMA, FDMA, OFDMA, SC-FDMA and oth-
er networks. The terms "network" and "system" are often
used interchangeably. A CDMA network may implement
a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wide-
band CDMA (WCDMA) and other variants of CDMA.
cdma2000 covers IS-2000, IS-95 and IS-856 standards.
A TDMA network may implement a radio technology such
as Global System for Mobile Communications (GSM).
An OFDMA network may implement a radio technology
such as NR (e.g. 5G RA), Evolved UTRA (E-UTRA), Ultra
Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802.20, Flash-OFDMA, etc.
UTRA and E-UTRA are part of Universal Mobile Tele-
communication System (UMTS). NR is an emerging wire-
less communications technology under development in
conjunction with the 5G Technology Forum (5GTF).
3GPP Long Term Evolution (LTE) and LTE-Advanced
(LTE-A) are releases of UMTS that use E-UTRA. UTRA,
E-UTRA, UMTS, LTE, LTE-A and GSM are described in
documents from an organization named "3rd Generation
Partnership Project" (3GPP). cdma2000 and UMB are
described in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). The tech-
niques described herein may be used for the wireless
networks and radio technologies mentioned above as
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well as other wireless networks and radio technologies.
For clarity, while aspects may be described herein using
terminology commonly associated with 3G and/or 4G
wireless technologies, aspects of the present disclosure
can be applied in other generation-based communication
systems, such as 5G and later, including NR technolo-
gies.
[0031] New radio (NR) may refer to radios configured
to operate according to a new air interface (e.g., other
than Orthogonal Frequency Divisional Multiple Access
(OFDMA)-based air interfaces) or fixed transport layer
(e.g., other than Internet Protocol (IP)). NR may include
Enhanced mobile broadband (eMBB) targeting wide
bandwidth (e.g. 80 MHz beyond), millimeter wave
(mmW) targeting high carrier frequency (e.g. 60 GHz),
massive MTC (mMTC) targeting non-backward compat-
ible MTC techniques, and mission critical targeting ultra
reliable low latency communications (URLLC). For these
general topics, different techniques are considered, such
as coding, low-density parity check (LDPC), and polar.
NR cell may refer to a cell operating according to the new
air interface or fixed transport layer. A NR Node B (e.g.,
5G Node B) may correspond to one or multiple transmis-
sion reception points (TRPs).
[0032] NR cells can be configured as access cell
(ACells) or data only cells (DCells). For example, the RAN
(e.g., a central unit or distributed unit) can configure the
cells. DCells may be cells used for carrier aggregation
or dual connectivity, but not used for initial access, cell
selection/reselection, or handover. In some cases,
DCells may not transmit synchronization signals (SSs).
However, in some cases DCells may transmit SSs. TRPs
may transmit downlink signals to UEs indicating the cell
type. Based on the cell type indication, the UE may com-
municate with the TRP. For example, the UE may deter-
mine TRPs to consider for cell selection, access, hando-
ver, and/or measurement based on the indicated cell
type.
[0033] In some cases, the UE can receive a measure-
ment configuration from the RAN. The measurement
configuration information may indicate ACells or DCells
for the UE to measure. The UE may monitor/detect meas-
urement reference signals from the cells based on meas-
urement configuration information. In some cases, the
UE may blindly detect MRS. In some cases the UE may
detect MRS based on MRS-IDs indicated from the RAN.
The UE may report the measurement results.

EXAMPLE WIRELESS COMMUNICATIONS SYSTEM

[0034] FIG. 1 illustrates an example wireless network
100 in which aspects of the present disclosure may be
performed. For example, the wireless network may be a
NR or 5G network. The UEs 120 and BSs 110, which
may comprise a transmission reception point (TRP), may
be configured to perform aspects discussed in more de-
tailed herein for communicating in a wireless communi-
cation system having a heterogeneous numerology.

[0035] According to aspects, the wireless network 100
may be a heterogeneous numerology system, wherein
UEs 120 within the network 100 may be asynchronous,
have different intercarrier spacing, and/or have different
cyclic prefix lengths. Aspects of the present disclosure
provide interference handling techniques that may ad-
vantageously be used by transceivers at the BS 110 and
the UE 120 when (1) no guard band (GB) is present be-
tween DL transmissions from the BS 110 to at least two
UEs 120 and/or (2) a narrow GB is present between DL
transmissions from the BS 110 to at least two UEs 120,
such that the DL transmissions may interfere with each
other. The illustrated and described BSs may comprise
a transmission reception point (TRP).
[0036] For example a BS 110a may determine pres-
ence of a narrow GB or lack of a GB between a first
resource (RB) block used for DL transmissions from the
BS 110a to a first UE 120a and a second RB used for
DL transmissions from the BS 110a to a second UE 120b.
In response, the BS 110a may transmit, to the first UE
120a, interference information associated with the DL
transmissions to the second UE 120b.
[0037] Correspondingly, a first UE 120a may deter-
mine interference information associated with DL trans-
mission from the BS 110a to a second UE 120b. As will
be described in more detail herein, the first UE 120a may
receive the interference information from the BS 110a or
may blindly detect the interference information associat-
ed with the DL transmission to the second UE 120b. The
UE 120a may take one or more actions based, at least
in part, on the interference information. For example, the
first UE may perform symbol decoding and/or channel
estimation based on the interference information.
[0038] According to aspects, uplink transmissions by
two UEs with different numerologies may be supported.
For example, a first UE 120a and a second UE 120b may
communicate with a BS 110a. Each of the UEs 120a and
120b may transmit a scheduling request to the BS 110a.
The BS 110a may transmit an uplink grant to each of the
UEs 120a, 120b. Additionally, the BS 110a may transmit
interference information regarding uplink transmissions
from UE 120b to UE 120a and may transmit interference
information regarding uplink transmissions from UE 120a
to UE 120b. UEs 120a, 120b may use the interference
information, received via a downlink channel, to transmit
to the BS 110a using an uplink channel. In this manner,
asynchronous UEs 120a, 120b may perform uplink trans-
missions to reduce interference experienced the BS
110a.
[0039] According to aspects, a BS and a UE may each
include a communication manager module 140 and 150,
respectively. The communication manager 140, 150 may
take one or more actions for UL or DL transmission based
on determined interference information. The communi-
cation manager may be a separate entity or may be in-
corporated within any one or more modules illustrated,
for example in FIGs. 4, 17, and 18. As an example, the
communication manager may be part of the control-
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ler/processor 440, 480, processors 1720, 1820, and/or
the transceiver 432, 454, 1710, 1812.
[0040] In one example, the communication manager
150 may determine interference information associated
with DL transmissions to another UE and/or interference
information associated with UL transmissions from an-
other UE to a BS. In response to this interference infor-
mation, the UE (communication manager 150) may take
action to process an UL signal or receive a DL signal
from the BS. As an example, the UE may determine a
portion of a transmission may be corrupt due to the in-
terference. In response, the UE may use a lower modu-
lation and coding scheme for decoding a DL signal or
encoding an UL signal. According to another example,
the UE may adjust a noise level for a tone which may
experience higher level of interference.
[0041] In one example, the communication manager
140 at the BS may determine interference information
associated with DL transmissions to another UE and/or
interference information associated with UL transmis-
sions from another UE to the BS. In response, the BS
(communication manager 140) may take action to proc-
ess a DL signal to be transmitted to the UE or receive an
UL signal from the UE. For example, the BS may deter-
mine a portion of a DL transmission to a first UE may be
corrupt due to interference. In response, the BS may use
a lower modulation and coding scheme to encode a DL
signal for the UE.
[0042] The BS 110 may be configured to perform the
operations 1000 and 1400 and the UE 120 (e.g., UE
120a) may be configured to perform the operations 1100
and 1500. Furthermore, the BS 110a and the UE 120a
may be configured to perform other aspects described
for interference handling in a heterogeneous numerology
wireless communication system, which are described in
more detail herein.
[0043] The system illustrated in FIG. 1 may be, for ex-
ample, a long term evolution (LTE) network. The wireless
network 100 may include a number of Node Bs (e.g.,
eNodeBs, eNBs, 5G Node B, etc) 110 and other network
entities. A Node B may be a station that communicates
with the UEs and may also be referred to as a base sta-
tion, an access point, or a 5G Node B.
[0044] Each Node B 110 may provide communication
coverage for a particular geographic area. In 3GPP, the
term "cell" can refer to a coverage area of an Node B
and/or an Node B subsystem serving this coverage area,
depending on the context in which the term is used.
[0045] A Node B may provide communication cover-
age for a macro cell, a pico cell, a femto cell, and/or other
types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers in radius) and
may allow unrestricted access by UEs with service sub-
scription. A pico cell may cover a relatively small geo-
graphic area and may allow unrestricted access by UEs
with service subscription. A femto cell may cover a rela-
tively small geographic area (e.g., a home) and may allow
restricted access by UEs having association with the fem-

to cell (e.g., UEs in a Closed Subscriber Group (CSG),
UEs for users in the home, etc.). A Node B for a macro
cell may be referred to as a macro Node B. A Node B for
a pico cell may be referred to as a pico Node B. A Node
B for a femto cell may be referred to as a femto Node B
or a home Node B. In the example shown in FIG. 1, the
Node Bs 110a, 110b and 110c may be macro Node Bs
for the macro cells 102a, 102b and 102c, respectively.
The Node B 110x may be a pico Node B for a pico cell
102x. The Node Bs 110y and 110z may be femto Node
Bs for the femto cells 102y and 102z, respectively. A
Node B may support one or multiple (e.g., three) cells.
[0046] The wireless network 100 may also include re-
lay stations. A relay station is a station that receives a
transmission of data and/or other information from an
upstream station (e.g., a Node B or a UE) and sends a
transmission of the data and/or other information to a
downstream station (e.g., a UE or a Node B). A relay
station may also be a UE that relays transmissions for
other UEs. In the example shown in FIG. 1, a relay station
110r may communicate with the Node B 110a and a UE
120r in order to facilitate communication between the
Node B 110a and the UE 120r. A relay station may also
be referred to as a relay Node B, a relay, etc.
[0047] The wireless network 100 may be a heteroge-
neous network that includes Node Bs of different types,
e.g., macro Node Bs, pico Node Bs, femto Node Bs, re-
lays, transmission reception points (TRPs), etc. These
different types of Node Bs may have different transmit
power levels, different coverage areas, and different im-
pact on interference in the wireless network 100. For ex-
ample, macro Node Bs may have a high transmit power
level (e.g., 20 Watts) whereas pico Node Bs, femto Node
Bs and relays may have a lower transmit power level
(e.g., 1 Watt).
[0048] The wireless network 100 may support synchro-
nous or asynchronous operation. For synchronous op-
eration, the Node Bs may have similar frame timing, and
transmissions from different Node Bs may be approxi-
mately aligned in time. For asynchronous operation, the
Node Bs may have different frame timing, and transmis-
sions from different Node Bs may not be aligned in time.
The techniques described herein may be used for both
synchronous and asynchronous operation.
[0049] A network controller 130 may couple to a set of
Node Bs and provide coordination and control for these
Node Bs. The network controller 130 may communicate
with the Node Bs 110 via a backhaul. The Node Bs 110
may also communicate with one another, e.g., directly or
indirectly via wireless or wireline backhaul.
[0050] The UEs 120 (e.g., 120x, 120y, etc.) may be
dispersed throughout the wireless network 100, and each
UE may be stationary or mobile. A UE may also be re-
ferred to as a terminal, a mobile station, a subscriber unit,
a station, etc. A UE may be a cellular phone, a personal
digital assistant (PDA), a wireless modem, a wireless
communication device, a handheld device, a laptop com-
puter, a cordless phone, a wireless local loop (WLL) sta-
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tion, a tablet, a netbook, a smart book, etc. A UE may be
able to communicate with macro Node Bs, pico Node Bs,
femto Node Bs, relays, etc. In FIG. 1, a solid line with
double arrows indicates desired transmissions between
a UE and a serving Node B, which is a Node B designated
to serve the UE on the downlink and/or uplink. A dashed
line with double arrows indicates interfering transmis-
sions between a UE and a Node B.
[0051] LTE utilizes orthogonal frequency division mul-
tiplexing (OFDM) on the downlink and single-carrier fre-
quency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM partition the system bandwidth into
multiple (K) orthogonal subcarriers, which are also com-
monly referred to as tones, bins, etc. Each subcarrier
may be modulated with data. In general, modulation sym-
bols are sent in the frequency domain with OFDM and in
the time domain with SC-FDM. The spacing between ad-
jacent subcarriers may be fixed, and the total number of
subcarriers (K) may be dependent on the system band-
width. For example, the spacing of the subcarriers may
be 15 kHz and the minimum resource allocation (called
a ’resource block’) may be 12 subcarriers (or 180 kHz).
Consequently, the nominal FFT size may be equal to
128, 256, 512, 1024 or 2048 for system bandwidth of
1.25, 2.5, 5, 10 or 20 megahertz (MHz), respectively. The
system bandwidth may also be partitioned into subbands.
For example, a subband may cover 1.08 MHz (i.e., 6
resource blocks), and there may be 1, 2, 4, 8 or 16 sub-
bands for system bandwidth of 1.25, 2.5, 5, 10 or 20 MHz,
respectively. New radio (NR) may use a different air in-
terface, other than OFDM-based. NR networks may in-
clude entities such central units or distributed units.
[0052] While aspects of the examples described herein
may be associated with LTE technologies, aspects of the
present disclosure may be applicable with other wireless
communications systems, such as NR. NR may utilize
OFDM with a CP on the uplink and downlink and include
support for half-duplex operation using TDD. A single
component carrier bandwidth of 100 MHZ may be sup-
ported. NR resource blocks may span 12 sub-carriers
with a sub-carrier bandwidth of 75 kHz over a 0.1 ms
duration. Each radio frame may consist of 50 subframes
with a length of 10 ms. Consequently, each subframe
may have a length of 0.2 ms. Each subframe may indicate
a link direction (i.e., DL or UL) for data transmission and
the link direction for each subframe may be dynamically
switched. Each subframe may include DL/UL data as well
as DL/UL control data. Beamforming may be supported
and beam direction may be dynamically configured. MI-
MO transmissions with precoding may also be supported.
MIMO configurations in the DL may support up to 8 trans-
mit antennas with multi-layer DL transmissions up to 8
streams and up to 2 streams per UE. Multi-layer trans-
missions with up to 2 streams per UE may be supported.
Aggregation of multiple cells may be supported with up
to 8 serving cells.
[0053] FIG. 2 shows a down link (DL) frame structure
used in a telecommunication systems (e.g., LTE). The

transmission timeline for the downlink may be partitioned
into units of radio frames. Each radio frame may have a
predetermined duration (e.g., 10 milliseconds (ms)) and
may be partitioned into 10 sub-frames with indices of 0
through 9. Each sub-frame may include two slots. Each
radio frame may thus include 20 slots with indices of 0
through 19. Each slot may include L symbol periods, e.g.,
7 symbol periods for a normal cyclic prefix (as shown in
FIG. 2) or 14 symbol periods for an extended cyclic prefix.
The 2L symbol periods in each sub-frame may be as-
signed indices of 0 through 2L-1. The available time fre-
quency resources may be partitioned into resource
blocks (RBs). Each RB may cover N subcarriers (e.g.,
12 subcarriers) in one slot (e.g., 0.5 ms).
[0054] In LTE, a Node B may send a primary synchro-
nization signal (PSS) and a secondary synchronization
signal (SSS) for each cell in the Node B. The primary and
secondary synchronization signals may be sent in sym-
bol periods 6 and 5, respectively, in each of sub-frames
0 and 5 of each radio frame with the normal cyclic prefix,
as shown in FIG. 2. The synchronization signals may be
used by UEs for cell detection and acquisition. The Node
B may send a Physical Broadcast Channel (PBCH) in
symbol periods 0 to 3 in slot 1 of sub-frame 0. The PBCH
may carry certain system information.
[0055] The Node B may send a Physical Control For-
mat Indicator Channel (PCFICH) in only a portion of the
first symbol period of each sub-frame, although depicted
in the entire first symbol period in FIG. 2. The PCFICH
may convey the number of symbol periods (M) used for
control channels, where M may be equal to 1, 2 or 3 and
may change from sub-frame to sub-frame. M may also
be equal to 4 for a small system bandwidth, e.g., with
less than 10 resource blocks. In the example shown in
FIG. 2, M=3. The Node B may send a Physical HARQ
Indicator Channel (PHICH) and a Physical Downlink
Control Channel (PDCCH) in the first M symbol periods
of each sub-frame (M=3 in FIG. 2). The PHICH may carry
information to support hybrid automatic retransmission
(HARQ). The PDCCH may carry information on uplink
and downlink resource allocation for UEs and power con-
trol information for uplink channels. Although not shown
in the first symbol period in FIG. 2, it is understood that
the PDCCH and PHICH are also included in the first sym-
bol period. Similarly, the PHICH and PDCCH are also
both in the second and third symbol periods, although
not shown that way in FIG. 2. The Node B may send a
Physical Downlink Shared Channel (PDSCH) in the re-
maining symbol periods of each sub-frame. The PDSCH
may carry data for UEs scheduled for data transmission
on the downlink. The various signals and channels in
LTE are described in 3GPP TS 36.211, entitled "Evolved
Universal Terrestrial Radio Access (E-UTRA); Physical
Channels and Modulation," which is publicly available.
[0056] The Node B may send the PSS, SSS and PBCH
in the center 1.08 MHz of the system bandwidth used by
the Node B. The Node B may send the PCFICH and
PHICH across the entire system bandwidth in each sym-
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bol period in which these channels are sent. The Node
B may send the PDCCH to groups of UEs in certain por-
tions of the system bandwidth. The Node B may send
the PDSCH to specific UEs in specific portions of the
system bandwidth. The Node B may send the PSS, SSS,
PBCH, PCFICH and PHICH in a broadcast manner to all
UEs, may send the PDCCH in a unicast manner to spe-
cific UEs, and may also send the PDSCH in a unicast
manner to specific UEs.
[0057] A number of resource elements may be avail-
able in each symbol period. Each resource element may
cover one subcarrier in one symbol period and may be
used to send one modulation symbol, which may be a
real or complex value. Resource elements not used for
a reference signal in each symbol period may be ar-
ranged into resource element groups (REGs). Each REG
may include four resource elements in one symbol peri-
od. The PCFICH may occupy four REGs, which may be
spaced approximately equally across frequency, in sym-
bol period 0. The PHICH may occupy three REGs, which
may be spread across frequency, in one or more config-
urable symbol periods. For example, the three REGs for
the PHICH may all belong in symbol period 0 or may be
spread in symbol periods 0, 1 and 2. The PDCCH may
occupy 9, 18, 32 or 64 REGs, which may be selected
from the available REGs, in the first M symbol periods.
Only certain combinations of REGs may be allowed for
the PDCCH.
[0058] A UE may know the specific REGs used for the
PHICH and the PCFICH. The UE may search different
combinations of REGs for the PDCCH. The number of
combinations to search is typically less than the number
of allowed combinations for the PDCCH. A Node B may
send the PDCCH to the UE in any of the combinations
that the UE will search.
[0059] FIG. 3 is a diagram 300 illustrating an example
of an uplink (UL) frame structure in a telecommunications
system (e.g., LTE). The available resource blocks for the
UL may be partitioned into a data section and a control
section. The control section may be formed at the two
edges of the system bandwidth and may have a config-
urable size. The resource blocks in the control section
may be assigned to UEs for transmission of control in-
formation. The data section may include all resource
blocks not included in the control section. The UL frame
structure results in the data section including contiguous
subcarriers, which may allow a single UE to be assigned
all of the contiguous subcarriers in the data section.
[0060] A UE may be assigned resource blocks 310a,
310b in the control section to transmit control information
to a Node B. The UE may also be assigned resource
blocks 320a, 320b in the data section to transmit data to
the Node B. The UE may transmit control information in
a physical UL control channel (PUCCH) on the assigned
resource blocks in the control section. The UE may trans-
mit only data or both data and control information in a
physical UL shared channel (PUSCH) on the assigned
resource blocks in the data section. A UL transmission

may span both slots of a subframe and may hop across
frequency.
[0061] A set of resource blocks may be used to perform
initial system access and achieve UL synchronization in
a physical random access channel (PRACH) 330. The
PRACH 330 carries a random sequence and cannot car-
ry any UL data/signaling. Each random access preamble
occupies a bandwidth corresponding to six consecutive
resource blocks. The starting frequency is specified by
the network. That is, the transmission of the random ac-
cess preamble is restricted to certain time and frequency
resources. There is no frequency hopping for the
PRACH. The PRACH attempt is carried in a single sub-
frame (1 ms) or in a sequence of few contiguous sub-
frames and a UE can make only a single PRACH attempt
per frame (10 ms).
[0062] FIG. 4 illustrates example components of the
base station 110 and UE 120 illustrated in FIG. 1, which
may be used to implement aspects of the present disclo-
sure. One or more components of the BS 110 and UE
120 may be used to practice aspects of the present dis-
closure. For example, antennas 452, Tx/Rx 454, proces-
sors 466, 458, 464, and/or controller/processor 480 of
the UE 120 and/or antennas 434, Tx/Rx 432, processors
430, 420, 438, and/or controller/processor 440 of the BS
110 may be used to perform the operations described
herein and illustrated with reference to FIGs. 9-16.
[0063] As described above with reference to FIG. 1,
the BS and the UE may include a communication man-
ager 490, 495, respectively. The communication manag-
er may be configured to receive or determine interference
information regarding communication in a heterogene-
ous wireless communication system and take action
based on the received information. While the communi-
cation manager is illustrated as a separate entity in FIG.
4, according to certain aspects, the communication man-
ager may be incorporated in one or more other modules
at the BS and UE. As an example, the communication
module may be part of the controller/processor and/or
the transceiver.
[0064] The BS 110 may comprise a TRP. The BS/TRP
110 and UEs 120 may communicate using a narrow GB
or lack of a GB in a wireless communication system hav-
ing heterogeneous numerology.
[0065] FIG. 4 shows a block diagram of a design of a
base station (Node B, TRP) 110 and a UE 120, which
may be one of the base stations (Node Bs, TRPs) and
one of the UEs in FIG. 1. For a restricted association
scenario, the base station 110 may be the macro Node
B 110c in FIG. 1, and the UE 120 may be the UE 120y.
The base station 110 may also be a base station of some
other type. The base station 110 may be equipped with
antennas 434a through 434t, and the UE 120 may be
equipped with antennas 452a through 452r.
[0066] At the base station 110, a transmit processor
420 may receive data from a data source 412 and control
information from a controller/processor 440. The control
information may be for the PBCH, PCFICH, PHICH, PD-
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CCH, etc. The data may be for the PDSCH, etc. The
processor 420 may process (e.g., encode and symbol
map) the data and control information to obtain data sym-
bols and control symbols, respectively. The processor
420 may also generate reference symbols, e.g., for the
PSS, SSS, and cell-specific reference signal. A transmit
(TX) multiple-input multiple-output (MIMO) processor
430 may perform spatial processing (e.g., precoding) on
the data symbols, the control symbols, and/or the refer-
ence symbols, if applicable, and may provide output sym-
bol streams to the modulators (MODs) 432a through
432t. Each modulator 432 may process a respective out-
put symbol stream (e.g., for OFDM, etc.) to obtain an
output sample stream. Each modulator 432 may further
process (e.g., convert to analog, amplify, filter, and up-
convert) the output sample stream to obtain a downlink
signal. Downlink signals from modulators 432a through
432t may be transmitted via the antennas 434a through
434t, respectively.
[0067] At the UE 120, the antennas 452a through 452r
may receive the downlink signals from the base station
110 and may provide received signals to the demodula-
tors (DEMODs) 454a through 454r, respectively. Each
demodulator 454 may condition (e.g., filter, amplify,
downconvert, and digitize) a respective received signal
to obtain input samples. Each demodulator 454 may fur-
ther process the input samples (e.g., for OFDM, etc.) to
obtain received symbols. A MIMO detector 456 may ob-
tain received symbols from all the demodulators 454a
through 454r, perform MIMO detection on the received
symbols if applicable, and provide detected symbols. A
receive processor 458 may process (e.g., demodulate,
deinterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sink 460, and
provide decoded control information to a controller/proc-
essor 480.
[0068] On the uplink, at the UE 120, a transmit proc-
essor 464 may receive and process data (e.g., for the
PUSCH) from a data source 462 and control information
(e.g., for the PUCCH) from the controller/processor 480.
The transmit processor 464 may also generate reference
symbols for a reference signal. The symbols from the
transmit processor 464 may be precoded by a TX MIMO
processor 466 if applicable, further processed by the de-
modulators 454a through 454r (e.g., for SC-FDM, etc.),
and transmitted to the base station 110. At the base sta-
tion 110, the uplink signals from the UE 120 may be re-
ceived by the antennas 434, processed by the modula-
tors 432, detected by a MIMO detector 436 if applicable,
and further processed by a receive processor 438 to ob-
tain decoded data and control information sent by the UE
120. The receive processor 438 may provide the decod-
ed data to a data sink 439 and the decoded control in-
formation to the controller/processor 440.
[0069] The controllers/processors 440 and 480 may
direct the operation at the base station 110 and the UE
120, respectively. The processor 440 and/or other proc-
essors and modules at the base station 110 may perform

or direct, e.g., the execution of various processes for the
techniques described herein. The processor 480 and/or
other processors and modules at the UE 120 may also
perform or direct, e.g., the execution of various processes
for the techniques described herein. The processors
and/or modules at the base station 110 may direct the
operations of the functional blocks illustrated in FIGs. 10
and 14 and/or other processes for the techniques de-
scribed herein. The processors and/or modules at the
UE 120 may direct the operations of the functional blocks
illustrated in FIGs. 11 and 15 and/or other processes for
the techniques described herein. The memories 442 and
482 may store data and program codes for the base sta-
tion 110 and the UE 120, respectively. A scheduler 444
may schedule UEs for data transmission on the downlink
and/or uplink.
[0070] FIG. 5 is a diagram 500 illustrating an example
of a radio protocol architecture for the user and control
planes in LTE. The radio protocol architecture for the UE
and the Node B is shown with three layers: Layer 1, Layer
2, and Layer 3. Layer 1 (L1 layer) is the lowest layer and
implements various physical layer signal processing
functions. The L1 layer will be referred to herein as the
physical layer 506. Layer 2 (L2 layer) 508 is above the
physical layer 506 and is responsible for the link between
the UE and Node B over the physical layer 506.
[0071] In the user plane, the L2 layer 508 includes a
media access control (MAC) sublayer 510, a radio link
control (RLC) sublayer 512, and a packet data conver-
gence protocol (PDCP) 514 sublayer, which are termi-
nated at the Node B on the network side. Although not
shown, the UE may have several upper layers above the
L2 layer 508 including a network layer (e.g., IP layer) that
is terminated at the PDN gateway on the network side,
and an application layer that is terminated at the other
end of the connection (e.g., far end UE, server, etc.).
[0072] The PDCP sublayer 514 provides multiplexing
between different radio bearers and logical channels.
The PDCP sublayer 514 also provides header compres-
sion for upper layer data packets to reduce radio trans-
mission overhead, security by ciphering the data packets,
and handover support for UEs between Node Bs. The
RLC sublayer 512 provides segmentation and reassem-
bly of upper layer data packets, retransmission of lost
data packets, and reordering of data packets to compen-
sate for out-of-order reception due to hybrid automatic
repeat request (HARQ). The MAC sublayer 510 provides
multiplexing between logical and transport channels. The
MAC sublayer 510 is also responsible for allocating the
various radio resources (e.g., resource blocks) in one
cell among the UEs. The MAC sublayer 510 is also re-
sponsible for HARQ operations.
[0073] In the control plane, the radio protocol architec-
ture for the UE and Node B is substantially the same for
the physical layer 506 and the L2 layer 508 with the ex-
ception that there is no header compression function for
the control plane. The control plane also includes a radio
resource control (RRC) sublayer 516 in Layer 3 (L3 lay-
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er). The RRC sublayer 516 is responsible for obtaining
radio resources (i.e., radio bearers) and for configuring
the lower layers using RRC signaling between the Node
B and the UE.
[0074] FIG. 6 shows two exemplary subframe formats
610 and 620 for the downlink with the normal cyclic prefix.
The available time frequency resources for the downlink
may be partitioned into resource blocks. Each resource
block (RB) may cover 12 subcarriers in one slot and may
include a number of resource elements. Each resource
element may cover one subcarrier in one symbol period
and may be used to send one modulation symbol, which
may be a real or complex value.
[0075] Subframe format 610 may be used for a Node
B equipped with two antennas. A CRS may be transmit-
ted from antennas 0 and 1 in symbol periods 0, 4, 7 and
11. A reference signal is a signal that is known a priori
by a transmitter and a receiver and may also be referred
to as a pilot. A CRS is a reference signal that is specific
for a cell, e.g., generated based on a cell identity (ID). In
FIG. 6, for a given resource element with label Ra, a mod-
ulation symbol may be transmitted on that resource ele-
ment from antenna a, and no modulation symbols may
be transmitted on that resource element from other an-
tennas. Subframe format 620 may be used for a Node B
equipped with four antennas. A CRS may be transmitted
from antennas 0 and 1 in symbol periods 0, 4, 7 and 11
and from antennas 2 and 3 in symbol periods 1 and 8.
For both subframe formats 610 and 620, a CRS may be
transmitted on evenly spaced subcarriers, which may be
determined based on cell ID. Different Node Bs may
transmit their CRSs on the same or different subcarriers,
depending on their cell IDs. For both subframe formats
610 and 620, resource elements not used for the CRS
may be used to transmit data (e.g., traffic data, control
data, and/or other data).
[0076] The PSS, SSS, CRS and PBCH in LTE are de-
scribed in 3GPP TS 36.211, entitled "Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical Channels
and Modulation," which is publicly available.
[0077] An interlace structure may be used for each of
the downlink and uplink for FDD in LTE. For example, Q
interlaces with indices of 0 through Q-1 may be defined,
where Q may be equal to 4, 6, 8, 10, or some other value.
Each interlace may include subframes that are spaced
apart by Q frames. In particular, interlace q may include
subframes q, q + Q , q + 2Q , etc., where q ∈ {0,..., Q-1}.
[0078] The wireless network may support hybrid auto-
matic retransmission (HARQ) for data transmission on
the downlink and uplink. For HARQ, a transmitter (e.g.,
a Node B) may send one or more transmissions of a
packet until the packet is decoded correctly by a receiver
(e.g., a UE) or some other termination condition is en-
countered. For synchronous HARQ, all transmissions of
the packet may be sent in subframes of a single interlace.
For asynchronous HARQ, each transmission of the pack-
et may be sent in any subframe.
[0079] A UE may be located within the coverage area

of multiple Node Bs. One of these Node Bs may be se-
lected to serve the UE. The serving Node B may be se-
lected based on various criteria such as received signal
strength, received signal quality, pathloss, etc. Received
signal quality may be quantified by a signal-to-noise-and-
interference ratio (SINR), or a reference signal received
quality (RSRQ), or some other metric. The UE may op-
erate in a dominant interference scenario in which the
UE may observe high interference from one or more in-
terfering Node Bs.

EXAMPLE NEW RADIO CELL MEASUREMENT

[0080] New radio (NR) may refer to radios configured
to operate according a wireless standard, such as 5G
(e.g., wireless network 100). NR may include Enhanced
mobile broadband (eMBB) targeting wide bandwidth
(e.g. 80 MHz beyond), millimeter wave (mmWave) tar-
geting high carrier frequency (e.g. 60 GHz), massive
MTC (mMTC) targeting non-backward compatible MTC
techniques, and mission critical targeting ultra reliable
low latency communications (URLLC).
[0081] NR cell may refer to a cell operating according
in the NR network. A NR Node B (e.g., Node B 110) may
correspond to one or multiple transmission reception
points (TRPs). As used herein, a cell may refer to a com-
bination of downlink (and potentially also uplink) resourc-
es. The linking between the carrier frequency of the
downlink resources and the carrier frequency of the up-
link resources is indicated in the system information (SI)
transmitted on the downlink resources. For example, sys-
tem information can be transmitted in a physical broad-
cast channel (PBCH) carrying a master information block
(MIB).
[0082] NR RAN architecture may include a central unit
(CU) (e.g., network controller 130). The CU may be an
Access Node Controller (ANC). The RAN may include a
distributed unit that may be one or more TRPs that may
be connected to one or more ANCs. TRPs may advertise
SI (e.g., Global TRP ID), may include PDCP/RLC/MAC
functions, may comprise one or more antenna ports, may
be configured to individually (dynamic selection) or jointly
(joint transmission), and may serve traffic to the UE.

EXAMPLE INTERFERENCE AWARE TRANSCEIVER 
DESIGN FOR HETEROGENEOUS NUMEROLOGY 
SYSTEMS

[0083] Heterogeneous numerology wireless commu-
nication systems may refer to systems in which UEs may
be asynchronous, have different intercarrier spacing
and/or have different cyclic prefix lengths. Due to the het-
erogeneous numerology, an OFDM waveform transmit-
ted by a BS to a first UE may interfere with an OFDM
waveform transmitted by the same base station to a sec-
ond UE. Guard bands (GB or guard intervals) may be
used to separate DL transmissions (in the frequency do-
main) to UEs within a system.
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[0084] FIG. 7 illustrates an example system with a het-
erogeneous numerology 700 using GBs, according to
aspects of the present disclosure. A BS 702 may com-
municate with a first UE 704 and a second UE 706. Trans-
mission by the BS to the first UE 704 may use the time-
frequency resources illustrated at 708. Transmission by
the BS to the second UE 706 may use the time-frequency
resources illustrated at 710. The GB 712 illustrates a sep-
aration, in the frequency domain, of the DL resources
used by the BS to communicate with the UEs 704 and
706. The GB 712 may separate transmissions from the
BS 702 to the first UE 704 and from the BS 702 to the
second UE 706. Absent the GB 712, the DL signals to
the first and second UE may interfere with each other.
[0085] FIG. 8 illustrates an example system with a het-
erogeneous numerology 800 not using GBs, according
to aspects of the present disclosure. A BS 802 may com-
municate with a first UE 804 and a second UE 806. The
time-frequency resources 808 used for DL transmission
to the first UE 804 may be adjacent to the time-frequency
resources 810 used for DL transmission to the second
UE 806. In other words, no GB separating the DL trans-
missions to the UEs in the frequency domain may be
present between resources 808 and 810. While FIG. 8
illustrates a lack of frequency separation (no GB) be-
tween 808 and 810, a narrow GB may be present be-
tween 808 and 810. For example, the narrow GB may
be narrower than GB 712 in FIG. 7, wherein the narrow
GB may not separate DL transmissions to the first UE
804 and the second UE 806. Stated otherwise, the narrow
GB may be insufficient to separate the DL transmissions.
Accordingly, the DL transmissions to UE1 and UE2 may
interfere with each other.
[0086] Aspects of the present disclosure provide tech-
niques for interference handling in scenarios where no
guard band exists between DL transmissions to at least
two UEs in a system and/or when only a narrower guard
band than is needed to separate DL transmissions to
UEs is present between DL transmissions to at least two
UEs in a system.

Receiver Scheme

[0087] A first UE may receive DL transmissions on a
first resource block (RB) and a second UE may receive
DL transmissions using a second RB. Each RB may cov-
er 12 subcarriers (tones) in one slot and may include a
number of resource elements (REs). Each RE may cover
one subcarrier (tone) in one symbol period and may be
used to transmit one modulation symbol. The modulation
symbol may be a real or complex value.
[0088] The first and second RBs may be adjacent to
each other in frequency, for example, when no GB is
present between the RBs (e.g., as shown in FIG. 8). In
certain scenarios, a narrow GB may be present between
the first and second RBs. The narrow GB may not be
sufficiently large enough to separate the DL transmis-
sions to the first and second UE.

[0089] According to aspects, with a narrow GB or lack
of a GB between DL transmissions to a first and second
UE, a UE may receive explicit signaling indicating infor-
mation regarding a potentially interfering DL transmis-
sion to another UE. The information may be transmitted
in a downlink control channel such as a PDCCH. The
information may provide one or more indications that may
be used by the receiving UE to improve receiver perform-
ance.
[0090] For illustrative purposes, certain aspects are
described with reference to the following scenario. A first
UE may be configured to receive DL transmissions from
a BS on a first RB. A second UE may be configured to
receive DL transmissions from the same BS on a second
RB. The first RB and the second RBs may be adjacent
to each other in frequency or may be separated by a
narrow GB.
[0091] According to aspects, information about the po-
tentially interfering DL transmission to the first UE may
provide one or more indications to the first UE. For ex-
ample, the interference information may indicate one or
more of (or any combination of) whether or not an inter-
fering transmission is scheduled on an RB adjacent to
the first RB, which side (e.g., higher frequency or lower
frequency) of the first RB has an adjacent interfering
transmission, the tone spacing of the interfering trans-
mission, a duration of the interfering signal for each in-
terfering transmission, and/or the power of the interfering
transmission.
[0092] The interference information transmitted to the
first UE may indicate information regarding interfering
transmissions from the BS to the second UE scheduled
on the second RB. Similarly, interference information
transmitted to the second UE may indicate information
regarding interfering transmissions from the BS to the
first UE scheduled on the first RB.
[0093] According to aspects, the interference informa-
tion transmitted to the first UE may be transmitted at the
beginning of a subframe including the first RB. The infor-
mation may indicate interference information for at least
one of a current, past, or future DL subframe received
by the first UE. According to aspects, the interference
information may be transmitted in each symbol of the first
RB. The symbol may include interference information for
one or more of a current, past, or future DL symbol.
[0094] A receiver at the UE may use the interference
information to enhance decoding and processing for a
desired DL transmission, thereby improving receiver per-
formance. According to aspects, the interference infor-
mation may be used to refine channel estimation and
adjust noise level estimation.
[0095] Regarding channel estimation, the interference
information may be used to determine which tones may
be corrupted by an interfering transmission. For example,
the first UE may determine which tones in the first RB
may be corrupt because of an adjacent, interfering trans-
mission from the BS to the second UE.
[0096] FIG. 9 illustrates an example 900 of corrupt
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tones in a heterogeneous numerology system, according
to aspects of the present disclosure. As illustrated, the
tones 902 assigned to the first UE may be adjacent to
the tones 904 assigned to the second UE. Based, at least
in part on the interference information, the first UE may
identify corrupt tones 906 within the set of tones 902 as-
signed to the first UE, due to DL transmissions to the
second UE. The first UE may estimate the channel based
on the non-corrupt tones (e.g., the set of tones 902 not
including the corrupt tones 906). For example, when the
first UE determines that certain data modulated reference
signal (DMRS) or pilot tones are corrupt, the first UE may
estimate the channel by extrapolating the estimation us-
ing uncorrupt DMRS or pilot tones. As will be described
in more detail below with reference to FIG. 12, according
to aspects, the UE may use a lower modulation and cod-
ing scheme (MCS) to decode corrupt tones 906 as com-
pared to the MCS used to decode the non-corrupt tones
in the group of tones 902.
[0097] Regarding channel estimation, the first UE may
adjust a noise level for corrupted tones. Because the log
likelihood ratio (LLR) may change according channel
conditions, adjusting the noise level based, at least in
part, on knowledge of corrupt tones may improve the LLR
computation at the UE.
[0098] According to aspects, instead of receiving ex-
plicit signaling regarding the interference information, the
UE may blindly detect the interference without receiving
an explicit transmission from a BS. According to aspects,
the UE may blindly estimate interference parameters
from received signals.

Transmitter Scheme

[0099] With reference to the example scenario provid-
ed above, the BS may be aware of interfering DL trans-
missions to the first UE on the first RB caused by, for
example, DL transmissions to the second UE on the sec-
ond RB. Based on this information, the BS may identify
tones which may be corrupt at the first UE. The BS may
use a lower MCS for the identified, corrupt tones. Corre-
spondingly, as noted above, the first UE may use the
determined interference information to determine corrupt
(e.g., interfered) tones and may use a lower MCS for
encoding the corrupt tones.
[0100] FIG. 10 illustrates example operations 1000
which may be performed by a BS, according to aspects
of the present disclosure. The BS may be BS 110a of
FIG. 1 and may include one or more components illus-
trated in FIG. 4. According to aspects, the BS may include
one or more components illustrated in FIG. 18, config-
ured to perform the operations described herein.
[0101] At 1002, the BS may determine presence of a
narrow GB or lack of a GB to separate a first RB used
for DL transmission from the BS to a first UE and a second
RB used for DL transmission from the BS to a second UE.
[0102] In response to the determination, at 1004, the
BS may transmit, to the first UE, interference information

associated with the transmission from the BS to the sec-
ond UE.
[0103] The interference information transmitted to the
first UE may include an indication of one or more of DL
interference on an RB adjacent to the first RB, an indi-
cation of DL interference on an RB associated with a
higher frequency than the first RB, an indication of DL
interference on an RB associated with a lower frequency
than the first RB, tone spacing of the second UE, a time
duration of an interfering DL transmission from the BS to
the second UE, or an interference power associated with
the DL transmission from the BS to the second UE. The
interference information may include one or any combi-
nation of the above-described indications.
[0104] The interference information may be transmit-
ted using a PDCCH.
[0105] The interference information may be transmit-
ted at the beginning of a subframe including the first RB.
The interference information may indicate one or more
of interference information for the subframe in which the
interference information is transmitted, interference in-
formation for a subframe occurring after the subframe in
which the interference information is transmitted, or in-
terference information for a subframe occurring before
the subframe in which the interference information is
transmitted. The interference information may include
one or any combination of the above-described indica-
tions.
[0106] According to aspects, the interference informa-
tion may be transmitted in a symbol of the first RB. The
interference information may include one or more of: in-
terference information for the symbol in which the inter-
ference information is transmitted, interference informa-
tion for a symbol occurring after the symbol in which the
interference information is transmitted, or interference in-
formation for a symbol occurring before the symbol in
which the interference information is transmitted. The in-
terference information may include one or any combina-
tion of the above-described indications.
[0107] The BS may identify at least one tone in the first
RB assigned to the first UE and adjacent to the second
RB assigned to the second UE. In response, the BS may
use a lower modulation and coding scheme (MCS) for
encoding the at least one identified tone.
[0108] FIG. 11 illustrates example operations 1100
which may be performed by a first UE, according to as-
pects of the present disclosure. The first UE may be UE
120a of FIG. 1 and may include one or more components
illustrated in FIG. 4. According to aspects, the first UE
may be the UE illustrated in FIG. 17, including one or
more components configured to perform the operations
described herein.
[0109] At 1102, the first UE may determine interference
information associated with DL transmission from a BS
to a second UE, wherein a GB or lack of a GB is present
to separate a first RB used for DL transmission from the
BS to the first UE and a second RB used for DL trans-
missions from the BS to the second UE.
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[0110] At 1104, the first UE may take one or more ac-
tions based, at least in part, on the interference informa-
tion.
[0111] The interference information may include one
or more of: an indication of DL interference on an RB
adjacent to the first RB, an indication of DL interference
on an RB associated with a higher frequency than the
first RB, an indication of DL interference on an RB asso-
ciated with a lower frequency than the first RB, tone spac-
ing of the second UE, a time duration of an interfering
DL transmission from the BS to the second UE, or an
interference power associated with the DL transmission
from the BS to the second UE. The interference informa-
tion may include one or any combination of the above-
described indications.
[0112] The first UE may receive the interference infor-
mation via a PDCCH from the BS.
[0113] According to aspects, the first UE may receive
the interference information at the beginning of a sub-
frame including the first RB. The interference information
may include at least one of: interference information for
the subframe in which the interference information is
transmitted, interference information for a subframe oc-
curring after the subframe in which the interference in-
formation is transmitted, or interference information for
a subframe occurring before the subframe in which the
interference information is transmitted. The interference
information may include one or any combination of the
above-described indications.
[0114] According to aspects the first UE may receive
interference information including at least one of: inter-
ference information for the symbol in which the interfer-
ence information is transmitted, interference information
for a symbol occurring after the symbol in which the in-
terference information is transmitted, or interference in-
formation for a symbol occurring before the symbol in
which the interference information is transmitted. The in-
terference information may include one or any combina-
tion of the above-described indications.
[0115] According to aspects, the UE may determine
the interference information by blindly detecting the in-
terference information.
[0116] According to aspects, taking the one or more
actions may include determining at least one tone in the
first RB assigned to the first UE may be corrupt by inter-
ference from DL transmission from the BS to the second
UE using the second RB. The first UE may use a lower
modulation and coding scheme for decoding the at least
one corrupt tone. Additionally or alternatively, the first UE
may perform channel estimation using non-corrupt tones
in the first RB. Additionally or alternatively, the first UE
may adjust a noise level for the at least one corrupt tone.
[0117] FIG. 12 illustrates an example 1200 of identify-
ing corrupt tones in a heterogeneous numerology system
and handling interference, according to aspects of the
present disclosure. The tones 1202 assigned to the first
UE may be adjacent to the tones 1204 assigned to the
second UE. Tones 1206, within the set of tones 1202

may be identified as corrupt tones for the first UE, be-
cause they are adjacent to interfering tones used for DL
transmissions to the second UE. Tones 1208, within the
set of tones 1202, may be identified as non-corrupt.
[0118] According to aspects, the BS may transmit, to
the first UE, an indication of interference information re-
lated to the DL transmission for the second UE (e.g.,
occurring on tones 1204). Knowing certain tones 1206
are corrupt for the first UE, the BS may use a lower MCS
for decoding the corrupt tones 1206 as compared to the
non-corrupt tones 1208 for the first UE.
[0119] Correspondingly, the first UE may receive the
interference information from the BS and determine
tones 1206 are corrupt. Alternatively, the UE may blindly
detect interference on the corrupt tones 1206. Regard-
less of how the UE determines which tones are corrupt,
the UE may use a lower MCS for decoding the corrupt
tones, as compared to the non-corrupt tones 1208. The
UE may perform channel estimation using the non-cor-
rupt tones 1208. As the corrupt tones have high interfer-
ence (or high expected interference), the UE may adjust
the noise level for the corrupted tones, which may im-
prove LLR estimation at the UE.

UL/DL Comparison

[0120] FIG. 13 illustrates an example 1300 of DL com-
munication in a heterogeneous wireless communication
system, according to aspects of the present disclosure.
The BS 1302 may be BS 110a in FIG. 1 and UE 1304
may be UE 120a in FIG. 1 and UE 1306 may be UE 120b
in FIG. 1. As described above, the BS 1302 may transmit
DL data and interference information to each of the UEs
1304 and 1306 in an effort to facilitate communication in
a wireless communication system operating using het-
erogeneous numerology.
[0121] Aspects of the present disclosure may also be
applied in an effort to reduce interference caused by UL
transmissions from a first and second UE operating in
with heterogeneous numerologies.
[0122] FIG. 14 illustrates example operations 1400
which may be performed by a BS, according to aspects
of the present disclosure. The BS may be BS 110a of
FIG. 1 and may include one or more components illus-
trated in FIG. 4. According to aspects, the BS may include
one or more components illustrated in FIG. 18, config-
ured to perform the operations described herein.
[0123] At 1402, the BS may determine presence of a
narrow guard band (GB) or lack of a GB to separate a
first resource block (RB) used for uplink (UL) transmis-
sion from a first user equipment (UE) to the BS and a
second RB used for UL transmission from a second UE
to the BS. In response to the determination, at 1404, the
BS may transmit to the first UE, interference information
associated with the UL transmission from the second UE
to the BS.
[0124] According to aspects, the interference informa-
tion transmitted to the first UE may indicate information
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regarding the uplink interference that may be experi-
enced by the BS due to UL transmissions from the second
UE. According to an example, the interference informa-
tion may include at least one of an indication of UL inter-
ference on an RB adjacent to the first RB, an indication
of UL interference on an RB associated with a higher
frequency than the first RB, an indication of UL interfer-
ence on an RB associated with a lower frequency than
the first RB, tone spacing of the second UE, a time du-
ration of an interfering UL transmission from the second
UE to the BS, or an interference power associated with
the UL transmission from the second UE to the BS. The
interference information may include one or any combi-
nation of the above-described indications.
[0125] The interference information may be transmit-
ted using a physical downlink control channel (PDCCH).
[0126] According to aspects, the BS may transmit the
interference information to the first UE in a DL subframe
preceding the subframe including the first RB. The inter-
ference information may indicate at least one of interfer-
ence information for an UL subframe occurring after the
DL subframe in which the interference information is
transmitted, or interference information for a subframe
occurring before the subframe in which the interference
information is transmitted.
[0127] The BS may further identify at least one tone in
the first RB assigned to the first UE and adjacent to the
second RB assigned to the second UE. In response, the
BS may use a lower modulation and coding scheme for
decoding the at least one identified tone.
[0128] According to aspects, the BS may determine at
least one tone in the first RB assigned to the first UE may
be corrupt by interference from UL transmission from the
second UE to the BS on the second RB. In response, the
BS may perform channel estimation using non-corrupt
tones in the first RB. The BS adjust a noise level for the
at least one corrupt tone.
[0129] FIG. 15 illustrates example operations 1500
which may be performed by a first UE, according to as-
pects of the present disclosure. The UE may be UE 120
of FIG. 1 and may include one or more components il-
lustrated in FIG. 4. According to aspects, the first UE may
be the UE illustrated in FIG. 17, including one or more
components configured to perform the operations de-
scribed herein.
[0130] At 1502, the UE may receive interference infor-
mation associated with an uplink (UL) transmission from
a second UE to a base station (BS), wherein a narrow
guard band (GB) or lack of a GB is present to separate
a first resource block (RB) used for UL transmission from
the first UE to the BS and a second RB used for UL trans-
mission from the second UE to the BS. At 1504, the UE
may transmit uplink data to the BS based, at least in part,
on the interference information.
[0131] Similar to the DL scenario described above, the
interference information may indicate corresponding UL
interference. For example, the interference information
may provide an indication of UL interference on an RB

adjacent to the first RB, an indication of UL interference
on an RB associated with a higher frequency than the
first RB, an indication of UL interference on an RB asso-
ciated with a lower frequency than the first RB, tone spac-
ing of the second UE, a time duration of an interfering
UL transmission from the second UE to the BS, or an
interference power associated with the UL transmission
from the second UE to the BS.
[0132] The UE may receive the interference informa-
tion via a physical downlink control channel (PDCCH).
[0133] According to aspects, the UE may receive the
interference information at the beginning of a subframe
including the first RB. The interference information may
indicate at least one of: interference information for the
subframe in which the interference information is trans-
mitted, interference information for a subframe occurring
after the subframe in which the interference information
is transmitted, or interference information for a subframe
occurring before the subframe in which the interference
information is transmitted.
[0134] The UE may identify at least one tone in the first
RB assigned to the first UE and adjacent to the second
RB assigned to the second UE. In response to the iden-
tification, the UE may use a lower modulation and coding
scheme for encoding the at least one identified tone.
[0135] FIG. 16 illustrates an example 1600 of UL com-
munication in a heterogeneous wireless communication
system, according to aspects of the present disclosure.
The UEs 1604 and 1606 may be UEs 120a and 120b,
respectively, illustrated in FIG. 1. The BS 1602 may be
BS 110a in FIG. 1. The UE may be UE 1702 in FIG. 17
and the BS may be BS 1802 in FIG. 18.
[0136] First, each of the UEs 1604 and 1606 may trans-
mit a scheduling request to the BS 1602. The BS 1602
may transmit an uplink grant and interference information
to each of the UEs 1604 and 1606. The UEs 1604 and
1606 may transmit UL transmissions to the BS 1602 in
accordance with the received UL grant and interference
information. For example, after receiving the interference
information, the UEs 1604 and 1606 may transmit UL
information to the BS in a later subframe according to
the received interference information.
[0137] According to an example, the interference in-
formation transmitted to the first UE may include one or
more of an indication of UL interference on an RB adja-
cent to the first RB, an indication of UL interference on
an RB associated with a higher frequency than the first
RB, an indication of UL interference on an RB associated
with a lower frequency than the first RB, tone spacing of
the second UE, a time duration of an interfering UL trans-
mission from the second UE to the BS, or an interference
power associated with the UL transmission from the sec-
ond UE to the BS. The interference may be transmitted
in a DL subframe preceding an UL subframe including
the first RB.
[0138] The BS 1602 may take one or more actions to
process signals received from the first and/or second UE.
For example, the BS may determine at least one tone in
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the first RB assigned to the first UE may be corrupt by
interference from UL transmission from the second UE
to the BS on the second RB. The BS may use a lower
modulation and coding scheme for decoding the at least
one corrupt tone in the first RB.
[0139] The UE may use the received interference in-
formation to determine one or more UL tones in the first
RB which may be corrupt. The corrupt tones may be ad-
jacent to tones in the second RB assigned to the second
UE. In response, the UE may use a lower modulation
and coding scheme for encoding these corrupt tones.
[0140] According to aspects, the BS may perform
channel estimation using non-corrupt tones. According
to aspects, the BS may adjust a noise level for at least
one corrupt tone.
[0141] Aspects described herein may advantageously
be used for transceiver designs in a heterogeneous nu-
merology system, in an effort to handle interference at
both a transmitting and receiving device.
[0142] FIG. 17 illustrates an example system 1700 of
a UE configured to handle and mitigate interference in a
heterogeneous numerology environment, as described
herein. System 1700 may include UE 1702, which may
be an example of a UE described above with reference
to FIGs. 1 and 4 which may be configured to perform the
operations described herein as illustrated in FIGs. 11 and
15.
[0143] UE 1702 may include a communication man-
ager module 1722, which may be configured to deter-
mine, receive, and/or process interference information
and take action for communicating in a heterogeneous
numerology wireless communication environment as de-
scribed herein. The UE 1702 may also include compo-
nents for bi-directional voice and data communications
including components for transmitting communications
and components for receiving communications. For ex-
ample, UE 1702 may communicate bi-directionally with
UE 1706 or base station 1704.
[0144] UE 1702 may also include a processor module
1720, and memory 1716 (including software (SW) 1718),
a transceiver module 1710, and one or more antenna(s)
1712, each of which may communicate, directly or indi-
rectly, with one another (e.g., via buses 1708). The trans-
ceiver module 1710 may communicate bi-directionally,
via the antenna(s) 1712 or wired or wireless links, with
one or more networks, as described above. For example,
the transceiver module 1710 may communicate bi-direc-
tionally with a base station 1704 or another UE 1706.
The transceiver module 1710 may include a modem to
modulate the packets and provide the modulated packets
to the antenna(s) 1712 for transmission, and to demod-
ulate packets received from the antenna(s) 1712. While
the UE 1702 may include a single antenna 1712, the UE
1702 may also have multiple antennas 1712 capable of
concurrently transmitting or receiving multiple wireless
transmissions.
[0145] The memory 1716 may include random access
memory (RAM) and read only memory (ROM). The mem-

ory 1716 may store computer-readable, computer-exe-
cutable software/firmware code including instructions
that, when executed, cause the processor module 1720
to perform various functions described herein (e.g., han-
dling interference in a heterogeneous numerology envi-
ronment). Alternatively, the software/firmware code may
not be directly executable by the processor module 1720
but cause a computer (e.g., when compiled and execut-
ed) to perform functions described herein. The processor
module 1720 may include an intelligent hardware device
(e.g., a central processing unit (CPU), a microcontroller,
an ASIC, etc.).
[0146] FIG. 18 illustrates an example of a system 1800
including a base station configured for handling and mit-
igating interference in a heterogeneous numerology
wireless communication environment in accordance with
various aspects of the present disclosure. System 1800
may include base station 1802, which may be an example
of a base station described above with reference to FIGs.
1 and 4 which may be configured to perform the opera-
tions described herein as illustrated in FIGs. 10 and 14.
[0147] Base station 1802 may include a determination
of narrow band or lack of a guard band module 1822.
Base station 1802 may also include components for bi-
directional voice and data communications including
components for transmitting communications and com-
ponents for receiving communications. For example,
base station 1802 may communicate bi-directionally with
UE 1804 or UE 1806.
[0148] In some cases, base station 1802 may have
one or more wired backhaul links. Base station 1802 may
have a wired backhaul link (e.g., S1 interface, etc.) to the
core network 1808. Base station 1802 may also commu-
nicate with other base stations, such as base station 1826
and base station 1828 via inter-base station backhaul
links (e.g., an X2 interface). Each of the base stations
may communicate with UEs 1804 and 1806 using the
same or different wireless communications technologies.
In some cases, base station 1802 may communicate with
other base stations such as 1826 or 1828 utilizing base
station communications module 1824. In some embodi-
ments, base station communications module 1824 may
provide an X2 interface within an LTE/LTE-A wireless
communication network technology to provide commu-
nication between some of the base stations. In some em-
bodiments, base station 1802 may communicate with
other base stations through core network 1808. In some
cases, base station 1802 may communicate with the core
network 1808 through network communications module
1824.
[0149] The BS 1802 may include a communication
manager module 1824, which may be configured to de-
termine and/or process interference information and take
action as described herein for communicating in a het-
erogeneous numerology wireless communication envi-
ronment.
[0150] The base station 1802 may include a processor
module 1820, memory 1816 (including software (SW)
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1818), transceiver modules 1812, and antenna(s) 1814,
which each may be in communication, directly or indi-
rectly, with one another (e.g., over bus system 1810).
The transceiver modules 1812 may be configured to
communicate bi-directionally, via the antenna(s) 1814,
with the UEs 1804, 1806, which may be multimode de-
vices. The transceiver module 1812 (or other compo-
nents of base station) may also be configured to com-
municate bi-directionally, via the antennas 1814, with one
or more other base stations (not shown). The transceiver
module 1812 may include a modem configured to mod-
ulate the packets and provide the modulated packets to
the antennas for transmission, and to demodulate pack-
ets received from the antennas 1814. The base station
may include multiple transceiver modules 1812, each
with one or more associated antennas 1814. The trans-
ceiver module may be an example of a combined receiver
and transmitter.
[0151] The memory 1816 may include RAM and ROM.
The memory 1816 may also store computer-readable,
computer-executable software code 1818 containing in-
structions that are configured to, when executed, cause
the processor module 1820 to perform various functions
described herein (e.g., handling interference in a heter-
ogeneous numerology environment). Alternatively, the
software code 1818 may not be directly executable by
the processor module 1820 but be configured to cause
the computer (e.g., when compiled and executed), to per-
form functions described herein. The processor module
1820 may include an intelligent hardware device, (e.g.,
a CPU, a microcontroller, an ASIC, etc.). The processor
module 1820 may include various special purpose proc-
essors such as encoders, queue processing modules,
base band processors, radio head controllers, digital sig-
nal processor (DSPs), and the like. The base station com-
munications module 1824 may manage communications
with other base stations 1826, 1828.
[0152] The methods disclosed herein comprise one or
more steps or actions for achieving the described meth-
od. The method steps and/or actions may be inter-
changed with one another without departing from the
scope of the claims. In other words, unless a specific
order of steps or actions is specified, the order and/or
use of specific steps and/or actions may be modified with-
out departing from the scope of the claims.
[0153] As used herein, a phrase referring to "at least
one of’ a list of items refers to any combination of those
items, including single members. As an example, "at
least one of: a, b, or c" is intended to cover a, b, c, a-b,
a-c, b-c, and a-b-c, as well as any combination with mul-
tiples of the same element (e.g., a-a, a-a-a, a-a-b, a-a-
c, a-b-b, a-c-c, b-b, b-b-b, b-b-c, c-c, and c-c-c or any
other ordering of a, b, and c).
[0154] As used herein, the term "determining" encom-
passes a wide variety of actions. For example, "deter-
mining" may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining

and the like. Also, "determining" may include receiving
(e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining" may
include resolving, selecting, choosing, establishing and
the like.
[0155] The previous description is provided to enable
any person skilled in the art to practice the various as-
pects described herein. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other aspects. Thus, the claims are not intended to be
limited to the aspects shown herein, but is to be accorded
the full scope consistent with the language claims, where-
in reference to an element in the singular is not intended
to mean "one and only one" unless specifically so stated,
but rather "one or more." Unless specifically stated oth-
erwise, the term "some" refers to one or more. All struc-
tural and functional equivalents to the elements of the
various aspects described throughout this disclosure that
are known or later come to be known to those of ordinary
skill in the art are expressly intended to be encompassed
by the claims. Moreover, nothing disclosed herein is in-
tended to be dedicated to the public regardless of wheth-
er such disclosure is explicitly recited in the claims. No
claim element is to be construed under the provisions of
35 U.S.C. §112, sixth paragraph, unless the element is
expressly recited using the phrase "means for" or, in the
case of a method claim, the element is recited using the
phrase "step for."
[0156] The various operations of methods described
above may be performed by any suitable means capable
of performing the corresponding functions. The means
may include various hardware and/or software compo-
nent(s) and/or module(s), including, but not limited to a
circuit, an application specific integrated circuit (ASIC),
or processor. Generally, where there are operations il-
lustrated in figures, those operations may have corre-
sponding counterpart means-plus-function components
with similar numbering.
[0157] The various illustrative logical blocks, modules
and circuits described in connection with the present dis-
closure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, dis-
crete 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 commer-
cially available processor, controller, microcontroller, or
state machine. A processor may also be implemented
as a combination of computing devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micro-
processors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.
[0158] If implemented in hardware, an example hard-
ware configuration may comprise a processing system
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in a wireless node. The processing system may be im-
plemented with a bus architecture. The bus may include
any number of interconnecting buses and bridges de-
pending on the specific application of the processing sys-
tem and the overall design constraints. The bus may link
together various circuits including a processor, machine-
readable media, and a bus interface. The bus interface
may be used to connect a network adapter, among other
things, to the processing system via the bus. The network
adapter may be used to implement the signal processing
functions of the PHY layer. In the case of a user terminal
120 (see FIG. 1), a user interface (e.g., keypad, display,
mouse, joystick, etc.) may also be connected to the bus.
The bus may also link various other circuits such as timing
sources, peripherals, voltage regulators, power manage-
ment circuits, and the like, which are well known in the
art, and therefore, will not be described any further. The
processor may be implemented with one or more gener-
al-purpose and/or special-purpose processors. Exam-
ples include microprocessors, microcontrollers, DSP
processors, and other circuitry that can execute software.
Those skilled in the art will recognize how best to imple-
ment the described functionality for the processing sys-
tem depending on the particular application and the over-
all design constraints imposed on the overall system.
[0159] If implemented in software, the functions may
be stored or transmitted over as one or more instructions
or code on a computer-readable medium. Software shall
be construed broadly to mean instructions, data, or any
combination thereof, whether referred to as software,
firmware, middleware, microcode, hardware description
language, or otherwise. Computer-readable media in-
clude both computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. The proc-
essor may be responsible for managing the bus and gen-
eral processing, including the execution of software mod-
ules stored on the machine-readable storage media. A
computer-readable storage medium may be coupled to
a processor such that the processor can read information
from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to
the processor. By way of example, the machine-readable
media may include a transmission line, a carrier wave
modulated by data, and/or a computer readable storage
medium with instructions stored thereon separate from
the wireless node, all of which may be accessed by the
processor through the bus interface. Alternatively, or in
addition, the machine-readable media, or any portion
thereof, may be integrated into the processor, such as
the case may be with cache and/or general register files.
Examples of machine-readable storage media may in-
clude, by way of example, RAM (Random Access Mem-
ory), flash memory, ROM (Read Only Memory), PROM
(Programmable Read-Only Memory), EPROM (Erasable
Programmable Read-Only Memory), EEPROM (Electri-
cally Erasable Programmable Read-Only Memory), reg-
isters, magnetic disks, optical disks, hard drives, or any

other suitable storage medium, or any combination there-
of. The machine-readable media may be embodied in a
computer-program product and/or a computer readable
medium.
[0160] A software module may comprise a single in-
struction, or many instructions, and may be distributed
over several different code segments, among different
programs, and across multiple storage media. The com-
puter-readable media may comprise a number of soft-
ware modules. The software modules include instruc-
tions that, when executed by an apparatus such as a
processor, cause the processing system to perform var-
ious functions. The software modules may include a
transmission module and a receiving module. Each soft-
ware module may reside in a single storage device or be
distributed across multiple storage devices. By way of
example, a software module may be loaded into RAM
from a hard drive when a triggering event occurs. During
execution of the software module, the processor may
load some of the instructions into cache to increase ac-
cess speed. One or more cache lines may then be loaded
into a general register file for execution by the processor.
When referring to the functionality of a software module
below, it will be understood that such functionality is im-
plemented by the processor when executing instructions
from that software module.
[0161] Also, any connection is properly termed a com-
puter-readable medium. For example, if the software is
transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technolo-
gies such as infrared (IR), radio, and microwave, then
the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and micro-
wave are included in the definition of medium. Disk and
disc, as used herein, include compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk,
and Blu-ray® disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Thus, in some aspects computer-readable media
may comprise non-transitory computer-readable media
(e.g., tangible media). In addition, for other aspects com-
puter-readable media may comprise transitory compu-
ter-readable media (e.g., a signal). Combinations of the
above should also be included within the scope of com-
puter-readable media.
[0162] Thus, certain aspects may comprise a compu-
ter program product/computer readable medium for per-
forming the operations presented herein. For example,
such a computer program product may comprise a com-
puter readable medium having instructions stored
(and/or encoded) thereon, the instructions being execut-
able by one or more processors to perform the operations
described herein.
[0163] Further, it should be appreciated that modules
and/or other appropriate means for performing the meth-
ods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base
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station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (e.g., RAM, ROM, a physical storage me-
dium such as a compact disc (CD) or floppy disk, etc.),
such that a user terminal and/or base station can obtain
the various methods upon coupling or providing the stor-
age means to the device. Moreover, any other suitable
technique for providing the methods and techniques de-
scribed herein to a device can be utilized.
[0164] Various modifications, changes and variations
may be made in the arrangement, operation and details
of the methods and apparatus described above without
departing from the scope of the claims.

Claims

1. A method (1000) for wireless communication by a
base station, BS, comprising:

determining (1002) presence of a narrow guard
band, GB, or lack of a GB to separate a first
resource block, RB, used for downlink, DL,
transmission from the BS to a first user equip-
ment, UE, and a second RB used for DL trans-
mission from the BS to a second UE; and
in response to the determination, transmitting
(1004), to the first UE, interference information
associated with the transmission from the BS to
the second UE.

2. The method of claim 1, wherein the interference in-
formation transmitted to the first UE comprises at
least one of:
an indication of DL interference on an RB adjacent
to the first RB, an indication of DL interference on an
RB associated with a higher frequency than the first
RB, an indication of DL interference on an RB asso-
ciated with a lower frequency than the first RB, tone
spacing of the second UE, a time duration of an in-
terfering DL transmission from the BS to the second
UE, or an interference power associated with the DL
transmission from the BS to the second UE.

3. The method of claim 1, wherein transmitting, to the
first UE, the interference information associated with
the transmission from the BS to the second UE com-
prises:

transmitting the interference information at the
beginning of a subframe including the first RB,
wherein the interference information indicates
at least one of: interference information for the
subframe in which the interference information
is transmitted, interference information for a
subframe occurring after the subframe in which

the interference information is transmitted, or in-
terference information for a subframe occurring
before the subframe in which the interference
information is transmitted.

4. The method of claim 1, wherein transmitting, to the
first UE, the interference information associated with
the transmission from the BS to the second UE fur-
ther comprises:

transmitting the interference information in a
symbol of the first RB,
wherein the interference information includes at
least one of: interference information for the
symbol in which the interference information is
transmitted, interference information for a sym-
bol occurring after the symbol in which the inter-
ference information is transmitted, or interfer-
ence information for a symbol occurring before
the symbol in which the interference information
is transmitted.

5. The method of claim 1, further comprising:

identifying at least one tone in the first RB as-
signed to the first UE and adjacent to the second
RB assigned to the second UE; and
using a lower modulation and coding scheme
for encoding the at least one identified tone.

6. A method (1100) for wireless communication by a
first user equipment, UE, comprising:

determining (1102) interference information as-
sociated with downlink, DL, transmission from a
base station, BS, to a second UE, wherein a
narrow guard band, GB, or lack of a GB is
present to separate a first resource block, RB,
used for DL transmission from the BS to the first
UE and a second RB used for DL transmission
from the BS to the second UE; and
determining at least one tone in the first RB as-
signed to the first UE which is corrupted by in-
terference from DL transmission from the BS to
the second UE using the second RB based, at
least in part, on the interference information.

7. The method of claim 6, wherein the interference in-
formation comprises at least one of:
an indication of DL interference on an RB adjacent
to the first RB, an indication of DL interference on an
RB associated with a higher frequency than the first
RB, an indication of DL interference on an RB asso-
ciated with a lower frequency than the first RB, tone
spacing of the second UE, a time duration of an in-
terfering DL transmission from the BS to the second
UE, or an interference power associated with the DL
transmission from the BS to the second UE.
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8. The method of claim 6, further comprising:
receiving the interference information via a physical
downlink control channel, PDCCH.

9. The method of claim 8, wherein receiving the inter-
ference information associated with the transmission
from the BS to the second UE comprises:

receiving the interference information at the be-
ginning of a subframe including the first RB,
wherein the interference information indicates
at least one of: interference information for the
subframe in which the interference information
is transmitted, interference information for a
subframe occurring after the subframe in which
the interference information is transmitted, or in-
terference information for a subframe occurring
before the subframe in which the interference
information is transmitted.

10. The method of claim 8, wherein receiving the inter-
ference information associated with the transmission
from the BS to the second UE further comprises:

receiving the interference information in a sym-
bol of the first RB,
wherein the interference information includes at
least one of: interference information for the
symbol in which the interference information is
transmitted, interference information for a sym-
bol occurring after the symbol in which the inter-
ference information is transmitted, or interfer-
ence information for a symbol occurring before
the symbol in which the interference information
is transmitted.

11. The method of claim 6, wherein taking the one or
more actions further comprises at least one of:

using a lower modulation and coding scheme
for decoding the at least one corrupt tone;
performing channel estimation using non-cor-
rupt tones in the first RB;
adjusting a noise level for the at least one corrupt
tone.

12. A method (1400) for wireless communication by a
base station, BS, comprising:

determining (1402) presence of a narrow guard
band, GB, or lack of a GB to separate a first
resource block, RB, used for uplink, UL, trans-
mission from a first user equipment, UE, to the
BS and a second RB used for UL transmission
from a second UE to the BS; and
in response to the determination, transmitting
(1404) to the first UE, interference information
associated with the UL transmission from the

second UE to the BS.

13. A method (1500) for wireless communication by a
first user equipment, UE, comprising:

receiving (1502) interference information asso-
ciated with an uplink, UL, transmission from a
second UE to a base station, BS, wherein a nar-
row guard band, GB, or lack of a GB is present
to separate a first resource block, RB, used for
UL transmission from the first UE to the BS and
a second RB used for UL transmission from the
second UE to the BS; and
transmitting (1504) uplink data to the BS based,
at least in part, on the interference information.

14. A user equipment (1702) comprising means for per-
forming the method of any one of claims 6-11, and
13.

15. A base station (1802) comprising means for perform-
ing the method of any one of claims 1-5, and 12.

Patentansprüche

1. Ein Verfahren (1000) für eine drahtlose Kommuni-
kation durch eine Basisstation (BS), aufweisend:

Bestimmen (1002) des Vorhandenseins oder
des nichtVorhandenseins eines schmalen
Schutzbands (Guard Band bzw. GB) für das
Trennen eines ersten Ressourcenblocks (RB),
der für eine Abwärtsstrecke (Downlink bzw.
DL)-Sendung von der BS an ein erstes Benutz-
ergerät (User Equipment bzw. UE) verwendet
wird, von einem zweiten RB, der für eine DL-
Sendung von der BS an ein zweites UE verwen-
det wird, und
in Antwort auf die Bestimmung, Senden (1004),
an das erste UE, von Interferenzinformationen,
die mit der Sendung von der BS an das zweite
UE assoziiert sind.

2. Verfahren nach Anspruch 1, wobei die an das erste
UE gesendeten Interferenzinformationen wenigs-
tens eines der Folgenden aufweisen:
eine Angabe einer DL-Interferenz auf einem RB, der
dem ersten RB benachbart ist, einer Angabe einer
DL-Interferenz auf einem RB, der mit einer höheren
Frequenz assoziiert ist als der erste RB, einer An-
gabe einer DL-Interferenz auf einem RB, der mit ei-
ner niedrigeren Frequenz assoziiert ist als der erste
RB, einen Tonabstand des zweiten UE, eine Zeit-
dauer einer interferierenden DL-Sendung von der
BS an das zweite UE oder eine Interferenzleistung,
die mit der DL-Sendung von der BS an das zweite
UE assoziiert ist.
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3. Verfahren nach Anspruch 1, wobei das Senden, an
das erste UE, der Interferenzinformationen, die mit
der Sendung von der BS an das zweite UE assoziiert
sind, aufweist:

Senden der Interferenzinformationen am An-
fang eines Subrahmens, der den ersten RB ent-
hält,
wobei die Interferenzinformationen wenigstens
eines der Folgenden angeben: Interferenzinfor-
mationen für den Subrahmen, in dem die Inter-
ferenzinformationen gesendet werden, Interfe-
renzinformationen für einen Subrahmen, der
nach dem Subrahmen, in dem die Interferenz-
informationen gesendet werden, auftritt, oder In-
terferenzinformationen für einen Subrahmen,
der vor dem Subrahmen, in dem die Interferenz-
informationen gesendet werden, auftritt.

4. Verfahren nach Anspruch 1, wobei das Senden, an
das erste UE, der Interferenzinformationen, die mit
der Sendung von der BS an das zweite UE assoziiert
sind, weiterhin aufweist:

Senden der Interferenzinformationen in einem
Symbol des ersten RB,
wobei die Interferenzinformationen wenigstens
eines der Folgenden enthalten: Interferenzinfor-
mationen für das Symbol, in dem die Interferenz-
informationen gesendet werden, Interferenzin-
formationen für ein Symbol, das nach dem Sym-
bol, in dem die Interferenzinformationen gesen-
det werden, auftritt, oder Interferenzinformatio-
nen für ein Symbol, das vor dem Symbol, in dem
die Interferenzinformationen gesendet werden,
auftritt.

5. Verfahren nach Anspruch 1, das weiterhin aufweist:

Identifizieren wenigstens eines Tons in dem ers-
ten RB, der dem ersten UE zugewiesen ist und
zu dem zweiten RB, der dem zweiten UE zuge-
wiesen ist, benachbart ist, und
Verwenden eines niedrigeren Modulations- und
Codierschemas für das Codieren des wenigs-
tens einen identifizierten Tons.

6. Ein Verfahren (1100) für eine drahtlose Kommuni-
kation durch ein erstes Benutzergerät (User Equip-
ment bzw. UE), aufweisend:

Bestimmen (1102) von Interferenzinformatio-
nen, die mit einer Abwärtsstrecke (Downlink
bzw. DL)-Sendung von einer Basisstation (BS)
an ein zweites UE assoziiert sind, wobei ein
schmales Schutzband (Guard Band bzw. GB)
für das Trennen eines ersten Ressourcenblocks
(RB), der für eine DL-Sendung von der BS an

das erste UE verwendet wird, von einem zweiten
RB, der für eine DL-Sendung von der BS an das
zweite UE verwendet wird, vorhanden ist oder
nicht, und
Bestimmen wenigstens eines Tons in dem ers-
ten RB, der dem ersten UE zugewiesen ist, der
durch eine Interferenz von der DL-Sendung von
der BS an das zweite UE unter Verwendung des
zweiten RB korrumpiert ist, basierend wenigs-
tens teilweise auf den Interferenzinformationen.

7. Verfahren nach Anspruch 6, wobei die Interferenz-
informationen wenigstens eines der folgenden auf-
weisen:
eine Angabe einer DL-Interferenz auf einem RB, der
dem ersten RB benachbart ist, einer Angabe einer
DL-Interferenz auf einem RB, der mit einer höheren
Frequenz assoziiert ist als der erste RB, einer An-
gabe einer DL-Interferenz auf einem RB, der mit ei-
ner niedrigeren Frequenz assoziiert ist als der erste
RB, einen Tonabstand des zweiten UE, eine Zeit-
dauer einer interferierenden DL-Sendung von der
BS an das zweite UE oder eine Interferenzleistung,
die mit der DL-Sendung von der BS an das zweite
UE assoziiert ist.

8. Verfahren nach Anspruch 6, das weiterhin aufweist:
Empfangen der Interferenzinformationen über einen
physikalischen Abwärtsstrecke-Steuerkanal (Physi-
cal Downlink Control Channel bzw. PDCCH).

9. Verfahren nach Anspruch 8, wobei das Empfangen
der Interferenzinformationen, die mit der Sendung
von der BS an das zweite UE assoziiert sind, auf-
weist:

Empfangen der Interferenzinformationen am
Anfang eines Subrahmens, der den ersten RB
enthält,
wobei die Interferenzinformationen wenigstens
eines der Folgenden angeben: Interferenzinfor-
mationen für den Subrahmen, in dem die Inter-
ferenzinformationen gesendet werden, Interfe-
renzinformationen für einen Subrahmen, der
nach dem Subrahmen, in dem die Interferenz-
informationen gesendet werden, auftritt, oder In-
terferenzinformationen für einen Subrahmen,
der vor dem Subrahmen, in dem die Interferenz-
informationen gesendet werden, auftritt.

10. Verfahren nach Anspruch 8, wobei das Empfangen
der Interferenzinformationen, die mit der Sendung
von der BS an das zweite UE assoziiert sind, wei-
terhin aufweist:

Empfangen der Interferenzinformationen in ei-
nem Symbol des ersten RB,
wobei die Interferenzinformationen wenigstens

39 40 



EP 3 497 856 B1

22

5

10

15

20

25

30

35

40

45

50

55

eines der Folgenden enthalten: Interferenzinfor-
mationen für das Symbol, in dem die Interferenz-
informationen gesendet werden, Interferenzin-
formationen für ein Symbol, das nach dem Sym-
bol, in dem die Interferenzinformationen gesen-
det werden, auftritt, oder Interferenzinformatio-
nen für ein Symbol, das vor dem Symbol, in dem
die Interferenzinformationen gesendet werden,
auftritt.

11. Verfahren nach Anspruch 6, wobei das Ergreifen der
einen oder mehreren Aktionen weiterhin wenigstens
eines der Folgenden aufweist:

Verwenden eines niedrigeren Modulations- und
Codierschemas für das Decodieren des wenigs-
tens einen korrumpierten Tons,
Durchführen einer Kanalschätzung unter Ver-
wendung von nichtkorrumpierten Tönen in dem
ersten RB,
Einstellen eines Rauschpegels für den wenigs-
tens einen korrumpierten Ton.

12. Ein Verfahren (1400) für eine drahtlose Kommuni-
kation durch eine Basisstation (BS), aufweisend:

Bestimmen (1402) des Vorhandenseins oder
des nichtVorhandenseins eines schmalen
Schutzbands (Guard Band bzw. GB) für das
Trennen eines ersten Ressourcenblocks (RB),
der für eine Aufwärtsstrecke (Uplink bzw.
UL)-Sendung von einem ersten Benutzergerät
(User Equipment bzw. UE) an die BS verwendet
wird, von einem zweiten RB, der für eine UL-
Sendung von einem zweiten UE an die BS ver-
wendet wird, und
in Antwort auf die Bestimmung, Senden (1404),
an das erste UE, von Interferenzinformationen,
die mit der UL-Sendung von dem zweiten UE
an die BS assoziiert sind.

13. Ein Verfahren (1500) für eine drahtlose Kommuni-
kation durch ein erstes Benutzergerät (User Equip-
ment bzw. UE), aufweisend:

Empfangen (1502) von Interferenzinformatio-
nen, die mit einer Aufwärtsstrecke (Uplink bzw.
UL)-Sendung von einem zweiten UE an eine Ba-
sisstation (BS) assoziiert sind, wobei ein schma-
les Schutzband (Guard Band bzw. GB) für das
Trennen eines ersten Ressourcenblocks (RB),
der für eine UL-Sendung von dem ersten UE an
die BS verwendet wird, von einem zweiten RB,
der für eine UL-Sendung von dem zweiten UE
an die BS verwendet wird, vorhanden ist oder
nicht, und
Senden (1504) von Aufwärtsstreckedaten an
die BS basierend wenigstens teilweise auf den

Interferenzinformationen.

14. Ein Benutzergerät (User Equipment bzw. UE)
(1702), das Mittel zum Durchführen des Verfahrens
gemäß einem der Ansprüche 6-11 und 13 aufweist.

15. Eine Basisstation (1802), die Mittel zum Durchführen
des Verfahrens gemäß einem der Ansprüche 1-5
und 12 aufweist.

Revendications

1. Un procédé (1000) de communication sans fil par
une station de base, BS, comprenant :

la détermination (1002) de la présence d’une
bande de garde, GB, étroite ou de l’absence
d’une GB, destinée à la séparation d’un premier
bloc de ressources, RB, utilisé pour une trans-
mission en liaison descendante, DL, de la BS
vers un premier équipement d’utilisateur, UE, et
un deuxième RB utilisé pour une transmission
DL de la BS vers un deuxième UE, et
en réponse à la détermination, la transmission
(1004), au premier UE, d’informations de
brouillage associées à la transmission de la BS
au deuxième UE.

2. Le procédé selon la Revendication 1, où les infor-
mations de brouillage transmises au premier UE
comprennent au moins un élément parmi :
une indication de brouillage DL sur un RB adjacent
au premier RB, une indication de brouillage DL sur
un RB associé à une fréquence plus élevée que le
premier RB, une indication de brouillage DL sur un
RB associé à une fréquence plus basse que le pre-
mier RB, un espacement de tonalités du deuxième
UE, une durée temporelle d’une transmission DL
brouilleuse de la BS vers le deuxième UE ou une
puissance de brouillage associée à la transmission
DL de la BS vers le deuxième UE.

3. Le procédé selon la Revendication 1, où la transmis-
sion, au premier UE, des informations de brouillage
associées à la transmission de la BS vers le deuxiè-
me UE comprend :

la transmission des informations de brouillage
au début d’une sous-trame comprenant le pre-
mier RB,
où les informations de brouillage indiquent au
moins des informations parmi : des informations
de brouillage pour la sous-trame dans laquelle
les informations de brouillage sont transmises,
des informations de brouillage pour une sous-
trame se présentant après la sous-trame dans
laquelle les informations de brouillage sont
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transmises ou des informations de brouillage
pour une sous-trame se présentant avant la
sous-trame dans laquelle les informations de
brouillage sont transmises.

4. Le procédé selon la Revendication 1, où la transmis-
sion, au premier UE, des informations de brouillage
associées à la transmission de la BS vers le deuxiè-
me UE comprend en outre :

la transmission des informations de brouillage
dans un symbole du premier RB,
où les informations de brouillage comprennent
au moins des informations parmi : des informa-
tions de brouillage pour le symbole dans lequel
les informations de brouillage sont transmises,
des informations de brouillage pour un symbole
se présentant après le symbole dans lequel les
informations de brouillage sont transmises ou
des informations de brouillage pour un symbole
se présentant avant le symbole dans lequel les
informations de brouillage sont transmises.

5. Le procédé selon la Revendication 1, comprenant
en outre :

l’identification d’au moins une tonalité dans le
premier RB affecté au premier UE et adjacent
au deuxième RB affecté au deuxième UE, et
l’utilisation d’un mécanisme de codage et de mo-
dulation inférieur destiné au codage de la au
moins une tonalité identifiée.

6. Un procédé (1100) de communication sans fil par un
premier équipement d’utilisateur, UE, comprenant :

la détermination (1102) d’informations de
brouillage associées à une transmission en
liaison descendante, DL, d’une station de base,
BS, vers un deuxième UE, où une bande de gar-
de, GB, étroite, ou l’absence d’une GB, est pré-
sente destinée à la séparation d’un premier bloc
de ressources, RB, utilisé pour une transmission
DL de la BS vers le premier UE et un deuxième
RB utilisé pour une transmission DL de la BS
vers le deuxième UE, et
la détermination d’au moins une tonalité dans le
premier RB affecté au premier UE qui est cor-
rompu par un brouillage provenant d’une trans-
mission DL de la BS vers le deuxième UE au
moyen du deuxième RB en fonction, au moins
en partie, des informations de brouillage.

7. Le procédé selon la Revendication 6, où les infor-
mations de brouillage comprennent au moins un élé-
ment parmi :
une indication de brouillage DL sur un RB adjacent
au premier RB, une indication de brouillage DL sur

un RB associé à une fréquence plus élevée que le
premier RB, une indication de brouillage DL sur un
RB associé à une fréquence plus basse que le pre-
mier RB, un espacement de tonalités du deuxième
UE, une durée temporelle d’une transmission DL
brouilleuse de la BS vers le deuxième UE ou une
puissance de brouillage associée à la transmission
DL de la BS vers le deuxième UE.

8. Le procédé selon la Revendication 6, comprenant
en outre :
la réception des informations de brouillage par l’in-
termédiaire d’un canal de commande en liaison des-
cendante physique, PDCCH.

9. Le procédé selon la Revendication 8, où la réception
des informations de brouillage associées à la trans-
mission de la BS vers le deuxième UE comprend :

la réception des informations de brouillage au
début d’une sous-trame comprenant le premier
RB,
où les informations de brouillage indiquent au
moins des informations parmi : des informations
de brouillage pour la sous-trame dans laquelle
les informations de brouillage sont transmises,
des informations de brouillage pour une sous-
trame se présentant après la sous-trame dans
laquelle les informations de brouillage sont
transmises ou des informations de brouillage
pour une sous-trame se présentant avant la
sous-trame dans laquelle les informations de
brouillage sont transmises.

10. Le procédé selon la Revendication 8, où la réception
des informations de brouillage associées à la trans-
mission de la BS vers le deuxième UE comprennent
en outre :

la réception des informations de brouillage dans
un symbole du premier RB,
où les informations de brouillage comprennent
au moins des informations parmi : des informa-
tions de brouillage pour le symbole dans lequel
les informations de brouillage sont transmises,
des informations de brouillage pour un symbole
se présentant après le symbole dans lequel les
informations de brouillage sont transmises ou
des informations de brouillage pour un symbole
se présentant avant le symbole dans lequel les
informations de brouillage sont transmises.

11. Le procédé selon la Revendication 6, où l’exécution
des une ou plusieurs actions comprend en outre au
moins une opération parmi :

l’utilisation d’un mécanisme de codage et de mo-
dulation inférieur pour le décodage de la au
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moins une tonalité corrompue,
l’exécution d’une estimation de canal au moyen
de tonalités non corrompues dans le premier
RB,
l’ajustement d’un niveau de bruit pour la au
moins une tonalité corrompue.

12. Un procédé (1400) de communication sans fil par
une station de base, BS, comprenant :

la détermination (1402) de la présence d’une
bande de garde, GB, étroite, ou l’absence d’une
GB, destinée à la séparation d’un premier bloc
de ressources, RB, utilisé pour une transmission
en liaison montante, UL, d’un premier équipe-
ment d’utilisateur, UE, vers la BS et un deuxième
RB utilisé pour une transmission UL d’un deuxiè-
me UE vers la BS, et
en réponse à la détermination, la transmission
(1404) vers le premier UE, d’informations de
brouillage associées à la transmission UL du
deuxième UE vers la BS.

13. Un procédé (1500) de communication sans fil par un
premier équipement d’utilisateur, UE, comprenant :

la réception (1502) d’informations de brouillage
associées à une transmission en liaison mon-
tante, UL, d’un deuxième UE vers une station
de base, BS, où une bande de garde, GB, étroi-
te, ou l’absence d’une GB, est présente destinée
à la séparation d’un premier bloc de ressources,
RB, utilisé pour une transmission UL du premier
UE vers la BS et un deuxième RB utilisé pour
une transmission UL du deuxième UE vers la
BS, et
la transmission (1504) de données en liaison
montante vers la BS en fonction, au moins en
partie, des informations de brouillage.

14. Un équipement d’utilisateur (1702) comprenant un
moyen d’exécution du procédé selon l’une quelcon-
que des Revendications 6 à 11, et 13.

15. Une station de base (1802) comprenant un moyen
d’exécution du procédé selon l’une quelconque des
Revendications 1 à 5, et 12.
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