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figured to perform wireless communications in higher frequency
bands (e.g., above 6 GHz) using a fallback scheme is provided. The
WTRU includes a receiver configured to receive, in a time trans-
mission interval (TTI), at least one control signal and a first data
signal using a first beam associated with a first beam identitier (ID)
and a second data signal, subsequent to the first data signal, using a
second beam associated with a second beam ID different from the
first beam ID, such that one of the at least one control signal indic-
ates the second beam ID; and a processor configured to switch a re-
ceive beam of the receiver from the first beam to the second beam
based on the second beam ID to receive the second data signal.
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TRANSMISSION SCHEMES AND MODES AND FALLBACK SCHEMES
FOR THE ACCESS LINK OF SYSTEMS OPERATING IN HIGHER
FREQUENCY BANDS

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. provisional application
No. 62/253,473 filed November 10, 2015, the content of which is hereby

incorporated by reference herein.

BACKGROUND

[0002] In order to meet the high data rate required for next generation of
cellular communication systems, the wireless industry and academia have been
exploring ways to leverage the large bandwidths available at above-6 GHz
frequencies (e.g., centimeter wave (cmW) and millimeter wave (mmW)
frequencies). One challenge of using these above-6 GHz frequencies may be
issues with signal propagation, which has been considered unfavorable for
wireless communication, especially in an outdoor environment.

[0003] The propagation of higher frequencies, such as these, may
experience higher free space path loss. Rainfall and atmospheric gasses (e.g.,
oxygen, nitrogen, and hydrogen) may add further attenuation for above-6 GHz
frequencies. In addition, foliage may cause attenuation and depolarization.
Penetration and diffraction attenuation may also become more severe. As a
result, Non Line-Of-Sight (NLOS) propagation path loss may be significant at
above-6 GHz frequencies. For example, at mmW frequencies NLOS path loss
may be more than 20 dB higher than Line-Of-Sight (LOS) path loss.

[0004] Outdoor mmW cellular networks may be feasible through the use of
beamforming techniques. In addition, a large number of reflected and scattered
multipath components (MPC) may be utilized to facilitate the mmW coverage in

NLOS conditions.
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SUMMARY
[0005] Embodiments provide a system, method, and apparatus for
transmitting data between a wireless transmit/receive unit (WTRU) and a base
station at a high carrier frequency.
[0006] According to an embodiment, a WTRU 1is configured to perform
wireless communications in higher frequency bands using a fallback scheme. The
WTRU includes a receiver configured to receive, in a time transmission interval
(TTI), at least one control signal and a first data signal using a first beam
associated with a first beam identifier (ID) and a second data signal, subsequent
to the first data signal, using a second beam associated with a second beam ID
different from the first beam ID. At least one of the control signal(s) indicates the
second beam ID. The WTRU further includes a processor configured to switch a
receive beam of the receiver from the first beam to the second beam based on the
second beam ID to receive the second data signal.
[0007] According to an embodiment, a method implemented by a WTRU
includes receiving, in a time transmission interval (T'TI), at least one control
signal and a first data signal using a first beam associated with a first beam
identifier (ID) and a second data signal, subsequent to the first data signal, using
a second beam associated with a second beam ID different from the first beam ID.
At least one of the control signal(s) indicates the second beam ID. The method
further includes switching a receive beam of the WTRU from the first beam to
the second beam based on the second beam ID to receive the second data signal.
[0008] According to an embodiment, a wireless communication device is
configured to perform wireless communications in higher frequency bands using
a fallback scheme. The wireless communication device includes a transmitter
configured to transmit, in a time transmission interval (T'TI), at least one control
signal and a first data signal using a first beam associated with a first beam
identifier (ID) and a second data signal, subsequent to the first data signal, using
a second beam associated with a second beam ID different from the first beam ID.

At least one of the control signal(s) indicates the second beam ID. The wireless

9.
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communication device further includes a processor configured to switch a
transmit beam of the transmitter from the first beam to the second beam based
on the second beam ID to transmit the second data signal to a WTRU.

[0009] According to an embodiment, a method implemented in a wireless
communication device includes a transmitting, in a time transmission interval
(TTI), at least one control signal and a first data signal using a first beam
associated with a first beam identifier (ID) and a second data signal, subsequent
to the first data signal, using a second beam associated with a second beam ID
different from the first beam ID. At least one of the control signal(s) indicates the
second beam ID. The method further includes switching a transmit beam of the
wireless communication device from the first beam to the second beam based on
the second beam ID to transmit the second data signal to a WTRU.

[0010] According to an embodiment, a WTRU 1is configured to perform
wireless communications in higher frequency bands using a fallback scheme. The
WTRU includes a receiver configured to receive, in a time transmission interval
(TTI), at least one control signal, a first transport block and a second transport
block. The at least one control signal and the first transport block are received
using a first beam, and the second transport block is received using a second
beam that has a beam width that is more narrow than a beam width of the first
beam. In addition, the first transport block and the second transport block are
multiplexed using time division multiplexing such that the second transport
block is received subsequent to the first transport block. The WTRU further
includes a processor configured to switch a receive beam of the receiver from the
first beam to the second beam, to receive the second transport block, based on
beam information associated with the second beam received in one of the at least
one control signal.

[0011] According to an embodiment, a method implemented by a WTRU
includes receiving, in a time transmission interval (T'TI), at least one control
signal, a first transport block and a second transport block. The at least one

control signal and the first transport block are received using a first beam, and

-3-
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the second transport block is received using a second beam that has a beam
width that is more narrow than a beam width of the first beam. In addition, the
first transport block and the second transport block are multiplexed using time
division multiplexing such that the second transport block is received subsequent
to the first transport block. The method further includes switching a receive
beam of the WTRU from the first beam to the second beam, to receive the second
transport block, based on beam information associated with the second beam

received in one of the at least one control signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] A more detailed understanding may be had from the following
description, given by way of example in conjunction with the accompanying
drawings wherein:
[0013] FIG. 1A is a system diagram of an example communications system
in which one or more disclosed embodiments may be implemented;
[0014] FIG. 1B is a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used within the communications
system illustrated in FIG. 1A;
[0015] FIG. 1C is a system diagram of an example radio access network
and an example core network that may be used within the communications
system illustrated in FIG. 1A;
[0016] FIG. 2 shows a diagram of an orthogonal frequency-division
multiplexing (OFDM) frame structure over a 1-GHz system bandwidth according
to one or more embodiments;
[0017] FIG. 3 shows a diagram of a single carrier frame structure over a 2-
GHz system bandwidth according to one or more embodiments;
[0018] FIG. 4 shows a diagram illustrating a fully digitized beamforming
system according to one or more embodiments;
[0019] FIG. 5 shows a diagram illustrating an analog beamforming system
with one phase antenna array (PAA) and one radio frequency (RF) chain

according to one or more embodiments;
4-
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[0020] FIGS. 6A and 6B show a diagram illustrating an analog
beamforming system with one PAA and two RF chains according to one or more
embodiments;

[0021] FIG. 7 shows a diagram illustrating an analog beamforming system
with two PAAs and two RF chains according to one or more embodiments;

[0022] FIG. 8 shows a diagram illustrating an analog beamforming system
with two PAAs and a single RF chain according to one or more embodiments;
[0023] FIG. 9 shows a diagram illustrating of a semi-static association
between the control transmit (Tx) beam and data Tx beam according to one or
more embodiments;

[0024] FIG. 10 shows a diagram illustrating an intra-transmission time
interval (T'TI) downlink (DL) assignment with a guard period according to one or
more embodiments;

[0025] FIG. 11 shows a diagram illustrating a cross-TTI DL assignment
with narrow beam indication according to one or more embodiments;

[0026] FIG. 12 shows a diagram for a dual transport block (TB)
transmission scheme according to one or more embodiments;

[0027] FIG. 13 shows a diagram illustrating a use of a dual TB
transmission scheme for data fallback according to one or more embodiments;
[0028] FIG. 14 shows a diagram illustrating another example of using a
dual TB transmission scheme for data fallback according to one or more
embodiments;

[0029] FIG. 15 shows a diagram illustrating an example of fallback TTI
and linkage between fallback downlink control information (DCI) and fallback
data, where the mB supports one RF chain according to one or more
embodiments;

[0030] FIG. 16 shows a diagram illustrating an example of fallback TTI
and linkage between fallback DCI and fallback data, where the mB supports

multiple RF chains according to one or more embodiments;
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[0031] FIG. 17 shows a diagram of fallback DCI mapped to the data region,
and linkage to fallback data according to one or more embodiments;

[0032] FIG. 18 shows a diagram illustrating fallback DCI mapped to the
data region using narrow beam transmission according to one or more
embodiments;

[0033] FIG. 19 shows a flow diagram utilizing a dual TB transmission
scheme according to one or more embodiments; and

[0034] FIG. 20 shows a flow diagram utilizing a dual TB transmission

scheme according to one or more embodiments.

DETAILED DESCRIPTION
[0035] Embodiments described herein may define transmission modes
(including reference signals and channel state information (CSI) feedback) and
transmission schemes for operation of highly directional beamformed systems. In
addition, embodiments may define how to mitigate control and/or data channel
performance loss due to narrow beam misalignment, for systems operating in
higher frequency bands (e.g. above-6 GHz frequencies).
[0036] The latter problem can further be broken down into two different
scenarios. In the first scenario, a change in the wireless transmit/receive unit
(WTRU) orientation may be such that the data channel performance using a
narrow beam pair may be significantly degraded, while the downlink (DL) wide
beam control channel may still be received by the WTRU. In the second scenario,
the WTRU orientation change may be such that both the data and the control
channels may not be received by the WTRU.
[0037] Embodiments may include downlink/uplink (DL/UL) transmission
schemes for the access link of beamformed systems operating in the high
frequency bands (e.g., above 6 GHz) using one or multiple radio frequency (RF)
chains. In addition embodiments may define DL/UL transmission modes and
modes of operations.
[0038] In addition to presenting transmission schemes and transmission

modes for above 6 GHz systems, embodiments described herein may include
-6-
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various scenarios where significant degradation of the control and/or data
channel performance may occur due to transmit-receive (Tx-Rx) beam
misalignment. Embodiments may addresses techniques for control and data
fallback to maintain connectivity until a transmission mode change or a beam
change is performed.

[0039] FIG. 1A is a diagram of an example communications system 100 in
which one or more disclosed embodiments may be implemented. The
communications system 100 may be a multiple access system that provides
content, such as voice, data, video, messaging, broadcast, etc., to multiple
wireless users. The communications system 100 may enable multiple wireless
users to access such content through the sharing of system resources, including
wireless bandwidth. For example, the communications systems 100 may employ
one or more channel access methods, such as code division multiple access
(CDMA), time division multiple access (TDMA), frequency division multiple
access (FDMA), orthogonal FDMA (OFDMA), single-carrier FDMA (SC-FDMA),
and the like.

[0040] As shown in FIG. 1A, the communications system 100 may include
wireless transmit/receive units (WTRUs) 102a, 102b, 102c¢, 102d, a radio access
network (RAN) 104, a core network 106, a public switched telephone network
(PSTN) 108, the Internet 110, and other networks 112, though it will be
appreciated that the disclosed embodiments contemplate any number of WTRUs,
base stations, networks, and/or network elements. Each of the WTRUs 102a,
102b, 102c¢, 102d may be any type of device configured to operate and/or
communicate in a wireless environment. By way of example, the WTRUs 102a,
102b, 102c, 102d may be configured to transmit and/or receive wireless signals
and may include user equipment (UE), a mobile station, a fixed or mobile
subscriber unit, a pager, a cellular telephone, a personal digital assistant (PDA),
a smartphone, a laptop, a netbook, a personal computer, a wireless sensor,

consumer electronics, and the like.
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[0041] The communications systems 100 may also include a base station
114a and a base station 114b. Each of the base stations 114a, 114b may be any
type of device configured to wirelessly interface with at least one of the WTRUs
102a, 102b, 102c, 102d to facilitate access to one or more communication
networks, such as the core network 106, the Internet 110, and/or the other
networks 112. By way of example, the base stations 114a, 114b may be a base
transceiver station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode
B, a site controller, an access point (AP), a wireless router, and the like. While
the base stations 114a, 114b are each depicted as a single element, it will be
appreciated that the base stations 114a, 114b may include any number of
interconnected base stations and/or network elements.

[0042] The base station 114a may be part of the RAN 104, which may also
include other base stations and/or network elements (not shown), such as a base
station controller (BSC), a radio network controller (RNC), relay nodes, etc. The
base station 114a and/or the base station 114b may be configured to transmit
and/or receive wireless signals within a particular geographic region, which may
be referred to as a cell (not shown). The cell may further be divided into cell
sectors. For example, the cell associated with the base station 114a may be
divided into three sectors. Thus, in one embodiment, the base station 114a may
include three transceivers, i.e., one for each sector of the cell. In another
embodiment, the base station 114a may employ multiple-input multiple-output
(MIMO) technology and, therefore, may utilize multiple transceivers for each
sector of the cell.

[0043] The base stations 114a, 114b may communicate with one or more of
the WTRUs 102a, 102b, 102¢, 102d over an air interface 116, which may be any
suitable wireless communication link (e.g., radio frequency (RF), microwave,
infrared (IR), ultraviolet (UV), visible light, etc.). The air interface 116 may be
established using any suitable radio access technology (RAT).

[0044] More specifically, as noted above, the communications system 100

may be a multiple access system and may employ one or more channel access

8-
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schemes, such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
example, the base station 114a in the RAN 104 and the WTRUs 102a, 102b, 102c
may implement a radio technology such as Universal Mobile Telecommunications
System (UMTS) Terrestrial Radio Access (UTRA), which may establish the air
interface 116 using wideband CDMA (WCDMA). WCDMA may include
communication protocols such as High-Speed Packet Access (HSPA) and/or
Evolved HSPA (HSPA+). HSPA may include High-Speed Downlink Packet
Access (HSDPA) and/or High-Speed Uplink Packet Access (HSUPA).

[0045] In another embodiment, the base station 114a and the WTRUs
102a, 102b, 102c¢ may implement a radio technology such as Evolved UMTS
Terrestrial Radio Access (E-UTRA), which may establish the air interface 116
using Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A).

[0046] In other embodiments, the base station 114a and the WTRUs 102a,
102b, 102¢ may implement radio technologies such as IEEE 802.16 G.e.,
Worldwide Interoperability for Microwave Access (WiMAX)), CDMAZ2000,
CDMA2000 1X, CDMA2000 EV-DO, Interim Standard 2000 IS-2000), Interim
Standard 95 (IS-95), Interim Standard 856 (IS-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

[0047] The base station 114b in FIG. 1A may be a wireless router, Home
Node B, Home eNode B, or access point, for example, and may utilize any
suitable RAT for facilitating wireless connectivity in a localized area, such as a
place of business, a home, a vehicle, a campus, and the like. In one embodiment,
the base station 114b and the WTRUs 102c¢, 102d may implement a radio
technology such as IEEE 802.11 to establish a wireless local area network
(WLAN). In another embodiment, the base station 114b and the WTRUs 102c,
102d may implement a radio technology such as IEEE 802.15 to establish a
wireless personal area network (WPAN). In yet another embodiment, the base
station 114b and the WTRUs 102¢, 102d may utilize a cellular-based RAT (e.g.,
WCDMA, CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell or

9.
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femtocell. As shown in FIG. 1A, the base station 114b may have a direct
connection to the Internet 110. Thus, the base station 114b may not be required
to access the Internet 110 via the core network 106.

[0048] The RAN 104 may be in communication with the core network 106,
which may be any type of network configured to provide voice, data, applications,
and/or voice over internet protocol (VoIP) services to one or more of the WI'RUs
102a, 102b, 102¢, 102d. For example, the core network 106 may provide call
control, billing services, mobile location-based services, pre-paid calling, Internet
connectivity, video distribution, etc., and/or perform high-level security functions,
such as user authentication. Although not shown in FIG. 1A, it will be
appreciated that the RAN 104 and/or the core network 106 may be in direct or
indirect communication with other RANs that employ the same RAT as the RAN
104 or a different RAT. For example, in addition to being connected to the RAN
104, which may be utilizing an E-UTRA radio technology, the core network 106
may also be in communication with another RAN (not shown) employing a GSM
radio technology.

[0049] The core network 106 may also serve as a gateway for the WTRUs
102a, 102b, 102¢, 102d to access the PSTN 108, the Internet 110, and/or other
networks 112. The PSTN 108 may include circuit-switched telephone networks
that provide plain old telephone service (POTS). The Internet 110 may include a
global system of interconnected computer networks and devices that use common
communication protocols, such as the transmission control protocol (TCP), user
datagram protocol (UDP) and the internet protocol (IP) in the TCP/IP internet
protocol suite. The networks 112 may include wired or wireless communications
networks owned and/or operated by other service providers. For example, the
networks 112 may include another core network connected to one or more RANSs,
which may employ the same RAT as the RAN 104 or a different RAT.

[0050] One or more of the WTRUs 102a, 102b, 102¢, 102d in the
communications system 100 may include multi-mode capabilities, i.e., the

WTRUs 102a, 102b, 102¢, 102d may include multiple transceivers for

-10-
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communicating with different wireless networks over different wireless links.
For example, the WTRU 102¢c shown in FIG. 1A may be configured to
communicate with the base station 114a, which may employ a cellular-based
radio technology, and with the base station 114b, which may employ an IEEE
802 radio technology.

[0051] FIG. 1B is a system diagram of an example WTRU 102. As shown
in FIG. 1B, the WTRU 102 may include a processor 118, a transceiver 120, a
transmit/receive element 122, a speaker/microphone 124, a keypad 126, a
display/touchpad 128, non-removable memory 130, removable memory 132, a
power source 134, a global positioning system (GPS) chipset 136, and other
peripherals 138. It will be appreciated that the WTRU 102 may include any sub-
combination of the foregoing elements while remaining consistent with an
embodiment.

[0052] The processor 118 may be a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more microprocessors in association with a
DSP core, a controller, a microcontroller, Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Array (FPGAs) circuits, any other type of
integrated circuit (IC), a state machine, and the like. The processor 118 may
perform signal coding, data processing, power control, input/output processing,
and/or any other functionality that enables the WTRU 102 to operate in a
wireless environment. The processor 118 may be coupled to the transceiver 120,
which may be coupled to the transmit/receive element 122. While FIG. 1B depicts
the processor 118 and the transceiver 120 as separate components, it will be
appreciated that the processor 118 and the transceiver 120 may be integrated
together in an electronic package or chip.

[0053] The transceiver 120, or any part thereof, may be configured to align
its transmit beam, for transmitting an uplink transmission, with a receive beam
of an eNode-B. Similarly, the transceiver 120, or any part thereof, may be

configured to align its receive beam, for receiving a downlink transmission, with
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a transmit beam of the eNode-B. The processor 118 may further be configured to
determine a transmit beam and/or receive beam (e.g., based on received
configuration or control information) for the transceiver 120 to use, and configure
the transceiver 120 accordingly for communicating with the eNode-B.

[0054] The transmit/receive element 122 may be configured to transmit
signals to, or receive signals from, a base station (e.g., the base station 114a) over
the air interface 116. For example, in one embodiment, the transmit/receive
element 122 may be an antenna configured to transmit and/or receive RF signals.
In another embodiment, the transmit/receive element 122 may be an
emitter/detector configured to transmit and/or receive IR, UV, or visible light
signals, for example. In yet another embodiment, the transmit/receive element
122 may be configured to transmit and receive both RF and light signals. It will
be appreciated that the transmit/receive element 122 may be configured to
transmit and/or receive any combination of wireless signals.

[0055] In addition, although the transmit/receive element 122 is depicted in
FIG. 1B as a single element, the WTRU 102 may include any number of
transmit/receive elements 122. More specifically, the WTRU 102 may employ
MIMO technology. Thus, in one embodiment, the WTRU 102 may include two or
more transmit/receive elements 122 (e.g., multiple antennas) for transmitting
and receiving wireless signals over the air interface 116.

[0056] The transceiver 120 may be configured to modulate the signals that
are to be transmitted by the transmit/receive element 122 and to demodulate the
signals that are received by the transmit/receive element 122. As noted above,
the WTRU 102 may have multi-mode capabilities. Thus, the transceiver 120 may
include multiple transceivers for enabling the WTRU 102 to communicate via
multiple RATS, such as UTRA and IEEE 802.11, for example.

[0057] The processor 118 of the WTRU 102 may be coupled to, and may
receive user input data from, the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128 (e.g., a liquid crystal display (LLCD) display unit
or organic light-emitting diode (OLED) display unit). The processor 118 may also

-12-
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output user data to the speaker/microphone 124, the keypad 126, and/or the
display/touchpad 128. In addition, the processor 118 may access information
from, and store data in, any type of suitable memory, such as the non-removable
memory 130 and/or the removable memory 132. The non-removable memory 130
may include random-access memory (RAM), read-only memory (ROM), a hard
disk, or any other type of memory storage device. The removable memory 132
may include a subscriber identity module (SIM) card, a memory stick, a secure
digital (SD) memory card, and the like. In other embodiments, the processor 118
may access information from, and store data in, memory that is not physically
located on the WTRU 102, such as on a server or a home computer (not shown).
[0058] The processor 118 may receive power from the power source 134,
and may be configured to distribute and/or control the power to the other
components in the WT'RU 102. The power source 134 may be any suitable device
for powering the WTRU 102. For example, the power source 134 may include one
or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-zinc (NiZn), nickel
metal hydride (NiMH), lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the
like.

[0059] The processor 118 may also be coupled to the GPS chipset 136,
which may be configured to provide location information (e.g., longitude and
latitude) regarding the current location of the WTRU 102. In addition to, or in
lieu of, the information from the GPS chipset 136, the WTRU 102 may receive
location information over the air interface 116 from a base station (e.g., base
stations 114a, 114b) and/or determine its location based on the timing of the
signals being received from two or more nearby base stations. It will be
appreciated that the WTRU 102 may acquire location information by way of any
suitable location-determination method while remaining consistent with an
embodiment.

[0060] The processor 118 may further be coupled to other peripherals 138,
which may include one or more software and/or hardware modules that provide

additional features, functionality and/or wired or wireless connectivity. For
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example, the peripherals 138 may include an accelerometer, an e-compass, a
satellite transceiver, a digital camera (for photographs or video), a universal
serial bus (USB) port, a vibration device, a television transceiver, a hands free
headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital
music player, a media player, a video game player module, an Internet browser,
and the like.

[0061] FIG. 1C is a system diagram of the RAN 104 and the core network
106 according to an embodiment. As noted above, the RAN 104 may employ an
E-UTRA radio technology to communicate with the WTRUs 102a, 102b, 102c over
the air interface 116. The RAN 104 may also be in communication with the core
network 106.

[0062] The RAN 104 may include eNode-Bs 140a, 140b, 140c, though it will
be appreciated that the RAN 104 may include any number of eNode-Bs while
remaining consistent with an embodiment. The eNode-Bs 140a, 140b, 140c may
each include one or more transceivers for communicating with the WTRUs 102a,
102b, 102c¢ over the air interface 116. In one embodiment, the eNode-Bs 140a,
140b, 140c may implement MIMO technology. Thus, the eNode-B 140a, for
example, may use multiple antennas to transmit wireless signals to, and receive
wireless signals from, the WTRU 102a.

[0063] Each of the eNode-Bs 140a, 140b, 140c may be associated with a
particular cell (not shown) and may be configured to handle radio resource
management decisions, handover decisions, scheduling of users in the uplink
and/or downlink, and the like. As shown in FIG. 1C, the eNode-Bs 140a, 140b,
140c may communicate with one another over an X2 interface.

[0064] The core network 106 shown in FIG. 1C may include a mobility
management entity gateway (MME) 142, a serving gateway 144, and a packet
data network (PDN) gateway 146. While each of the foregoing elements are
depicted as part of the core network 106, it will be appreciated that any one of
these elements may be owned and/or operated by an entity other than the core

network operator.
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[0065] The MME 142 may be connected to each of the eNode-Bs 140a, 140D,
140c in the RAN 104 via an S1 interface and may serve as a control node. For
example, the MME 142 may be responsible for authenticating users of the
WTRUs 102a, 102b, 102c, bearer activation/deactivation, selecting a particular
serving gateway during an initial attach of the WTRUs 102a, 102b, 102¢, and the
like. The MME 142 may also provide a control plane function for switching
between the RAN 104 and other RANs (not shown) that employ other radio
technologies, such as GSM or WCDMA.

[0066] The serving gateway 144 may be connected to each of the eNode Bs
140a, 140b, 140c in the RAN 104 via the S1 interface. The serving gateway 144
may generally route and forward user data packets to/from the WTRUs 102a,
102b, 102c. The serving gateway 144 may also perform other functions, such as
anchoring user planes during inter-eNode B handovers, triggering paging when
downlink data is available for the WTRUs 102a, 102b, 102¢c, managing and
storing contexts of the WTRUs 102a, 102b, 102¢, and the like.

[0067] The serving gateway 144 may also be connected to the PDN gateway
146, which may provide the WTRUs 102a, 102b, 102c with access to packet-
switched networks, such as the Internet 110, to facilitate communications
between the WTRUs 102a, 102b, 102¢ and IP-enabled devices.

[0068] The core network 106 may facilitate communications with other
networks. For example, the core network 106 may provide the WTRUs 102a,
102b, 102c¢ with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102c¢ and traditional
land-line communications devices. For example, the core network 106 may
include, or may communicate with, an IP gateway (e.g., an IP multimedia
subsystem (IMS) server) that serves as an interface between the core network
106 and the PSTN 108. In addition, the core network 106 may provide the
WTRUs 102a, 102b, 102¢ with access to the networks 112, which may include
other wired or wireless networks that are owned and/or operated by other service

providers.
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[0069] Other network 112 may further be connected to an IEEE 802.11
based wireless local area network (WLAN) 160. The WLAN 160 may include an
access router 165. The access router may contain gateway functionality. The
access router 165 may be in communication with a plurality of access points
(APs) 170a, 170b. The communication between access router 165 and APs 170a,
170b may be via wired Ethernet IEEE 802.3 standards), or any type of wireless
communication protocol. AP 170a is in wireless communication over an air

interface with WTRU 102d.

[0070] It should be noted that although 3GPP LTE may be used for
example purposes, the techniques described herein may be applied to any other
system.

[0071] The following list of definitions, although not intended to be

limiting, may be helpful in understanding the following embodiments.

[0072] A “beam” may be one lobe (e.g. main/side/grating) of a transmit
radiation pattern and receive gain pattern of an antenna array. The beam may
also denote a spatial direction that may be represented with a set beamforming
weights. The beam may be identified or associated with a reference signal, an
antenna port, a beam identity (ID), and/or a scrambling sequence number. The
beam may be transmitted and/or received at a specific time, frequency, code,
and/or spatial resource. The beam may be formed digitally, in an analog manner,
or both @i.e., hybrid beamforming). The analog beamforming may be based on
fixed code-book or continuous phase shifting.

[0073] A “beam-specific reference signal” (BSRS) may be a sequence
associated with a transmit beam used for beam acquisition, timing and/or
frequency synchronization, channel estimation for a physical downlink
directional control channel (PDDCCH), fine beam tracking, beam measurement,
etc. BSRS may carry (e.g., implicitly carry) beam identity information. There may
be different types of BSRS. For example, there may be BSRS for an mmW sector
and its member segments. The segment may be referred as a beam direction (e.g.,

a narrow beam direction or a wide beam direction).
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[0074] A “data channel beam” may be used to transmit a data channel, a
Physical Downlink Shared Channel (PDSCH), a mPDSCH, a mmW PDSCH, a
mmW data channel, a directional PDSCH, a beamformed data channel, a spatial
data channel, a data channel slice, or a high frequency data channel. The data
channel beam may be identified or associated with a reference signal, an antenna
port, a beam identity (ID), and/or a scrambling sequence number. The data
channel beam may be transmitted and/or received at a specific time, frequency,
code, and/or spatial resource.

[0075] A “control channel beam” may be used to transmit a control channel,
a control channel beam, a PDCCH, an mPDCCH, an mmW PDCCH, an mmW
control channel, a directional PDCCH, a beamformed control channel, a spatial
control channel, a control channel slice or a high frequency control channel. A
control channel beam may be identified or associated with a reference signal, an
antenna port, a beam identity (ID), a scrambling sequence number and may be
transmitted and/or received at a specific time and/or frequency and/or code and/or
spatial resources.

[0076] A “measurement beam” may be used to transmit a signal or channel
for beam measurement. This may include a beam reference signal, a beam
measurement reference signal, Cell Specific Reference Signal (CRS), Channel
State Information-Reference Signal (CSI-RS), CSl-interference measurement
(CSI-IM), etc. The measurement beam may be identified or associated with a
reference signal, an antenna port, a beam identity (ID), and/or a scrambling
sequence number. The measurement beam may be transmitted and/or received at
a specific time, frequency, code, and/or spatial resource.

[0077] A “control channel beam duration” may be the length of time, which
may be referred to in units of OFDM symbols, used within a scheduling interval
for the transmission of one control channel beam.

[0078] A “control region” may be the length in theof time domain, which
may be referred to in units of OFDM symbols, used within a scheduling interval

for the transmission of all the control channel beams in that scheduling interval.
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For example, a control region may be the number of OFDM symbols in a TTI
occupied by all the control channel beams transmitted in the TTI.

[0079] A “data region” may be part of the scheduling interval in time
domain, which may be referred to in units of OFDM symbols, used for the
transmission of all data channel beams in that scheduling interval.

[0080] A “data fallback” may be an alternate scheme for data transmission,
that may be used dynamically, irrespective of the transmission mode, to maintain
the data communication between the base station and the WTRU. Data fallback
schemes may be used in either downlink (DL), or uplink (UL), or both.

[0081] A “control fallback” may be an alternate scheme for signaling the
control channel, that may be used dynamically, irrespective of the transmission
mode, to maintain the control signaling between the base station and the WTRU.
[0082] In some embodiments described herein, the terms base station,
eNode-B (eNB), mmW eNB (mB), Small Cell mmW eNB (SCmB), cell, small cell,
primary cell (Pcell), and secondary cell (Scell) may be used interchangeably. In
some embodiments, the term operate may be used interchangeably with transmit
and/or receive. In some embodiments, the terms component carrier, mmW
carrier may be used interchangeably with serving cell.

[0083] In some embodiments, the mB may transmit and/or receive one or
more mmW channels and/or signals in a licensed band and/or an unlicensed
band. In some embodiments, the WTRU may be substituted for eNB and/or vice
versa and still be consistent with this disclosure. In some embodiments, UL may
be substituted for DL and/or vice versa and still be consistent with this
disclosure.

[0084] In some embodiments, a channel may refer to a frequency band that
may have a center, or carrier frequency, and a bandwidth. Licensed and/or
unlicensed spectrum may include one or more channels which may or may not
overlap. Channel, frequency channel, wireless channel, and mmW channel may
be used interchangeably. Accessing a channel may be the same as using (e.g.,

transmitting and/or receiving on or using) the channel.
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[0085] In some embodiments, a channel refers to a mmW channel or signal,
such as an uplink or downlink physical channel or signal. Downlink channels and
signals may include one or more of the following: mmW synchronization signal,
mmW broadcast channel, mmW cell reference signal, mmW beam reference
signal, mmW beam control channel, mmW beam data channel, mmW hybrid
automatic repeat request (ARQ) indicator channel, mmW demodulation reference
signal, primary synchronization signal (PSS), secondary synchronization signal
(SSS), demodulation reference signal (DMRS), CRS, CSI-RS, Physical Broadcast
Channel (PBCH), Physical downlink Control Channel (PDCCH), Physical Hybrid
ARQ Indicator Channel (PHICH), Enhanced Physical Downlink Control Channel
(EPDCCH), and PDSCH. Uplink channels and signals may include one or more of
the following: mmW Physical Random Access Channel (PRACH), mmW control
channel, mmW data channel, mmW beam reference signal, mmW demodulation
reference signal, PRACH, Physical Uplink Control Channel (PUCCH), sounding
reference signal (SRS), DMRS and Physical Uplink Shared Channel (PUSCH).
Channel and mmW channel may be used interchangeably. Channels and signals
may be used interchangeably.

[0086] In some embodiments data/control may mean data and/or control
signals and/or channels. Control may include synchronization. The data/control
may be mmW data/control. Data/control and data/control channels and/or
signals may be used interchangeably. Channels and signals may be used
interchangeably. The terms control channel, control channel beam, PDCCH,
mPDCCH, mmW PDCCH, mmW control channel, directional PDCCH,
beamformed control channel, spatial control channel, control channel slice, high
frequency control channel may be used interchangeably. The terms data channel,
data channel beam, PDSCH, mPDSCH, mmW PDSCH, mmW data channel,
directional PDSCH, beamformed data channel, spatial data channel, data
channel slice, and high frequency data channel may be used interchangeably.
[0087] In some embodiments, channel resources may be resources (e.g.,

3GPP LTE or LTE-A resources) such as time, frequency, code, and/or spatial
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resources, which may, at least sometimes, carry one or more channels and/or
signals. In some embodiments, channel resources may be used interchangeably
with channels and/or signals.

[0088] The terms mmW beam reference signal, mmW reference resource for
beam measurement, mmW measurement reference signal, mmW channel state
measurement reference signal, mmW demodulation reference signal, mmW
sounding reference signal, reference signal, CSI-RS, CRS, DM-RS, DRS,
measurement reference signal, reference resource for measurement, CSI-IM, and
measurement RS may be used interchangeably. mmW cell, mmW small cell,
SCell, secondary cell, license-assisted cell, unlicensed cell, and Licensed Assisted
Access (LAA) cell may be used interchangeably. The terms mmW cell, mmW
small cell, PCell, primary cell, LTE cell, and licensed cell may be used
interchangeably.

[0089] The terms interference and interference plus noise may be used
interchangeably.

[0090] Multiple above-6 GHz frequency bands have been evaluated for next
generation cellular networks. For example, 10 GHz and 15 GHz bands have been
evaluated at the cmW frequency band. In addition, 28 GHz, 39 GHz, 60 GHz and
73 GHz bands have been evaluated at the mmW frequency band. These higher
frequency bands may be allocated as licensed, lightly licensed, and unlicensed
spectrums.

[0091] Depending on the allocation of the spectrum and its propagation
characteristics, the above-6 GHz frequency bands may be deployed in various
cellular network configurations. For example, mmW frequencies may be used for
a homogenous network with mmW stand-alone Macro-, Micro- and Small Cell
base stations. A heterogeneous network may consist of a mmW stand-alone
small cell network overlaid with a LTE Macro- and/or Micro- network at sub-6
GHz frequencies. In such a network, a network node may be connected to both
above-6 GHz frequencies (e.g., a mmW system) and below-6 GHz frequencies

(e.g., a 2 GHz LTE system), which may be referred as Dual Connectivity. Carrier
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aggregation may be applied to combine above-6 GHz carriers (e.g., mmW) and
sub-6 GHz carriers (e.g., 2 GHz LTE carriers).

[0092] Embodiments described herein may apply to any above-6 GHz
cellular deployment.

[0093] Waveforms, such as, for example, orthogonal frequency-division
modulation (OFDM), broad-band Single Carrier (SC), SC-OFDM, Generalized
OFDM, Filter Bank Multicarrier (FBMC), and Multi-Carrier Code Division
Multiple Access (MC-CDMA) may be used for above-6 GHz systems. Waveforms
may have different Peak to Average Power Ratio (PAPR) performance, sensitivity
to transmitter non-linearity, Bit Error Rate (BER) performance, resource
channelization, and implementation complexity.

[0094] While frame structure may depend on the applied waveform, it may
also be dimensioned to meet the above-6 GHz system requirement. For example,
in order to achieve very low latency, a higher-frequency cellular system may have
a subframe length of 100 ps.

[0095] Referring to FIG. 2, FIG. 2 shows a diagram of an OFDM frame
structure 200 over a 1-GHz system bandwidth. According to the OFDM-based
frame structure 200 shown in FIG. 2, a frame 202 includes 10 sub-frames, each
sub-frame includes 10 slots, and each slot includes 24 symbols. The OFDM-based
frame structure 200 may have, for example, a sub-carrier spacing of 300 kHz
with a corresponding symbol length (Tsymbol) of 3.33 ps. Considering a cyclic prefix
(CP) length may span over the entire length of the channel time dispersion in
order to eliminate the inter-symbol-interference, one example of CP for a Tsymbol
of 3.33 us may be selected at 1/4 of Tsymbo (i.e., at 0.833 ps). This example
numerology may be used for a range of above-6 GHz system bandwidths (e.g.,
from 50 MHz to 2 GHz) with corresponding Fast Fourier Transform (FFT) length.
[0096] Referring now to FIG. 3, FIG. 3 shows a diagram of a single carrier
frame structure 300 over a 2-GHz system bandwidth. Another frame structure
may be based on single carrier over an entire system bandwidth. The system

bandwidth may range from 50 MHz to 2 GHz. One such example may be based
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on 2 GHz bandwidth. The sampling frequency Fs may be 1.536 GHz with a 1024-
FFT. A subframe 302 may include 10 time slots each of which may be 100 ps and
may have 150 single carrier (FFT) blocks. Each single carrier block may have
1024 symbols that can be used for synchronization, reference, control, data, cyclic
prefix or other system purposes.

[0097] An above-6 GHz system (e.g., cmW and mmW systems) may apply
any waveform and frame structure or combination thereof as discussed above.
Procedures described in this disclosure may apply to all these waveform and
frame structure selections.

[0098] Above-6 GHz systems may use Frequency Division Duplex (FDD),
Time Division Duplex (TDD), Spatial Division Duplex (SDD) or any combination
of them in conjunction with either half-duplex or full-duplex mechanisms.

[0099] A full-duplex FDD system may use a duplex filter to allow
simultaneous downlink and uplink operation at different frequencies separated
by a duplex distance. A half-duplex FDD system may not use a duplex filter, as
the downlink and uplink operation may take place at different time instance in
its dedicated frequency. A TDD system may have the downlink and uplink
operate at the same frequency at different time instances. A SDD system, for
example, in a beamformed system, may enable a network node to transmit and
receive at a same frequency and time instance but at different outgoing and
incoming spatial directions.

[0100] An above-6 GHz network may use Frequency Division Multiple
Access (FDMA), Time Division Multiple Access (TDMA), Spatial Division
Multiple Access (SDMA), Code Division Multiple Access (CDMA), Non-
Orthogonal Multiple Access (NOMA), or any combination thereof. FDMA, TDMA,
SDMA and CDMA may be applied in an orthogonal manner to avoid interference.
[0101] Multiple network nodes may be assigned to use different frequency
resources simultaneously in a FDMA system, or to access the system frequency
resources at different time instances in a TDMA system. Moreover the network

nodes may access the same frequency resources at the same time, but may use a
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different code in a CDMA system. A SDMA system may assign a spatial resource
to network nodes to operate at same frequency, time, and code resource. In a
beamformed network, WTRUs may use different beams.

[0102] In a NOMA system, multiple network nodes may be assigned
overlapping or identical resources in frequency, time, code or spatial domain, but
may apply additional mechanisms to remove interference caused by the non-
orthogonal use of the resource between users. For example, two WTRUs may be
located relatively far from each other, and the difference of their path loss to the
base station may be large. They may be assigned with the same frequency
resource in the same subframe with very different transport formats.
Superposition coding and a Successive Interference Rejection (SIC) receiver may
be used for a WTRU to remove the received signal intended for the other.

[0103] An above-6 GHz system (e.g., cmW and mmW systems) may apply
any duplex scheme and multiple access or combination of them as discussed
above. Embodiments described herein may apply to all these duplex schemes
and multiple access schemes.

[0104] An above-6 GHz system may have a number of physical channels
and signals for various system purposes. Certain signals may be used for

multiple system procedures.

[0105] The following are examples of downlink physical channels and
signals.
[0106] A synchronization signal may be a pre-defined signal that may be

used for cell timing/frequency synchronization. It may be transmitted according
to pre-defined periodicity. In a beamformed system, the signal may provide beam
timing and frequency acquisition.

[0107] A physical broadcast channel may carry broadcast information, such
as cell specific system information.

[0108] A downlink reference signal may be a pre-defined sequence
transmitted to enable various system procedures (e.g., channel estimation for

control channel, channel statement measurement, timing and frequency fine-
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tuning, system measurement, and the like). There may be different types of
reference signals. In a beamformed system, a downlink reference signal may be
used for beam acquisition, beam pairing, beam tracking, beam switch, beam
measurement, and the like.

[0109] A physical downlink control channel may carry data related control
information to identify, demodulate and decode the associated data channel
properly.

[0110] A physical downlink data channel may carry payload information in
the form of Medium Access Control (MAC) Protocol Data Unit (PDU) from the
MAC layer. The resource allocation of this channel may be carried in the
scheduling information in the physical downlink control channel.

[0111] A data demodulation reference signal may have symbols that may
be transmitted for channel estimation of downlink control or data channel. The
symbols may be placed together with the associated control or data symbols in
the time and frequency domain according to pre-defined pattern. This may
ensure correct interpolation and reconstruction of the channel.

[0112] The following are examples of uplink physical channels and signals.
[0113] An uplink reference signal may be used for uplink channel
sounding, uplink system measurement, etc. In a beamformed system, an uplink
reference signal may be used for uplink beam acquisition, beam pairing, beam
tracking, beam switch, beam measurement, etc.

[0114] A physical random access channel (PRACH) may carry a pre-defined
sequence 1n connection with a random access procedure.

[0115] A physical uplink control channel may carry uplink control
information, such as channel state information, data acknowledgement,
scheduling request, etc.

[0116] A physical uplink data channel may carry payload information in
the form of MAC PDU from a UE MAC layer. The resource allocation of this

channel may be conveyed in the downlink control channel.
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[0117] A data demodulation reference signal may have symbols that may
be transmitted for channel estimation of uplink control or data channel. The
symbols may be placed together with the associated data symbols in the time and
frequency domain according to pre-defined pattern to ensure correct interpolation
and reconstruction of the channel.

[0118] An above-6 GHz system (e.g., cmW and mmW systems) may deploy
the signals and channels discussed above. Embodiments described herein may
apply to these physical signals and channels.

[0119] Beamforming may be important in above-6 GHz systems. Outage
studies conducted at 28 GHz and 38 GHz in an urban area using a steerable 10°-
beamwidth and a 24.5-dBi horn antenna have shown a consistent coverage may
be achieved with a cell-radius of up to 200 meters. Currently, LTE WTRUs are
assumed to have an Omni-directional beam pattern and may perceive a
superimposed channel impulse response over the entire angular domain. Thus
an aligned beam pair e.g., at mmW frequencies may provide an additional degree
of freedom in the angular domain compared with the current LTE system.

[0120] Conventional LTE WTRUs may have an Omni-directional beam
pattern and may perceive a superimposed channel impulse response over the
entire angular domain. Thus, an aligned beam pair at, for example, mmW
frequencies, may provide an additional degree of freedom in the angular domain
compared with conventional LTE systems.

[0121] Referring now to FIG. 4, FIG. 4 shows a diagram illustrating fully
digitized beamforming system 400 according to one or more embodiments. A
phase antenna array (PAA) may be used for beamforming with element spacing,
e.g., at 0.5A. The phase antenna may apply different beamforming algorithms. A
fully digitized beamforming approach may have a dedicated RF chain including
an RF processor 401 and an analog-to-digital converter (ADC) 402 for each
antenna element 403. The signal 404 processed by each antenna element 403

may be controlled independently in phase and amplitude to optimize the channel
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capacity. A baseband (BB) processor 405 is configured to perform BB processing
on each dedicated RF chain based on the signals received from each ADC 402.
[0122] Referring now to FIG. 5, FIG. 5 shows a diagram illustrating analog
beamforming system 500 according to one or more embodiments. In this
embodiment, the analog beamforming may be with one PAA and one RF chain.
The analog beamforming may apply one RF chain for a number of antenna
elements 503 that process the signal 504. Each antenna element 503 may be
connected to a phase shifter 506 that may be used to set the weight for
beamforming and steering. The RF chain further includes an RF processor 501
and an ADC 502 which provides an output to a BB processor 505. The
implemented number of RF chains may be significantly reduced as well as the
energy consumption.

[0123] The phase shifting and combining may be implemented in different
stages (e.g., at RF state, at BB analog stage, or at Local Oscillator (I.O) stage).
One example is a single-beam analog configuration. It may operate one beam at a
time and the single beam may be placed at, for example, the strongest angular
direction such as a LOS path obtained from beam measurement. A broad beam
pattern may cover a range of angular directions at the expense of reduced
beamforming gain.

[0124] A hybrid beamforming may combine digital precoding and analog
beamforming. The analog beamforming may be performed over the phase array
antenna elements each associated with a phase shifter and all connected to one
RF chain. The digital precoding may be applied on the baseband signal of each
RF chain.

[0125] Examples of system parameters of the hybrid beamforming may be
number of data streams (Npara), number of RF chains TRX (Ntgrx), number of
antenna ports (Nap), number of antenna elements (Nag), and number of phase
antenna arrays (Npaa). The configuration of these parameters may impact on the

system function and performance as discussed below.
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[0126] Referring now to FIGS. 6A and 6B, FIGS. 6A and 6B show a
diagram illustrating analog beamforming system 600 with one PAA and two RF
chains. One antenna port may carry a beamformed reference signal uniquely
associated with this antenna port that may be used to identify the antenna port.
One PAA may be connected to one RF chain or multiple RF chains depending on
the system requirement and configuration. In FIGS. 6A and 6B, one PAA of size
4x4 with 16 antenna elements 603, for receiving a signal 604, may be connected
to two RF chains and each RF chain may have a set of 16 phase shifters 606a and
606b. The PAA may form two narrow beam patterns within a +45° and -45°
coverage in an azimuth plane. In this configuration, Npsu < Nyp = Nrgx < Nyg.
Each RF chain further includes an RF processor 601a or 601b and an ADC 602a
or 602b which provide an output to a BB processor 605.

[0127] Referring now to FIG. 7, FIG. 7 shows a diagram illustrating analog
beamforming system 700 with two PAAs and two RF chains. In an embodiment,
there may two PAAs having a set of antenna elements 703a and 703b,
respectively, for receiving signals 704a and 704b. Each antenna element 703a,
703b may be connected to a phase shifter 706a, 706b, respectively. Each PAA
may have a dedicated RF chain, i.e., Np,, = Nyp = Npgxy < Ny, including an RF
processor 701a, 701b and an ADC 702a, 702b which provide an output to a BB
processor 705. This configuration may allow spatial independence between the
two simultaneous signals 704a and 704b by placing the PAAs at different
orientations (e.g., in an azimuth plane). An aligned PAA arrangement may
provide an aggregated larger coverage.

[0128] Both abovementioned example configurations with two RF chains
may apply MIMO with two data streams.

[0129] Referring now to FIG. 8, FIG. 8 shows a diagram illustrating analog
beamforming system 800 with two PAAs having a set of antenna elements 803a
and 803b, respectively, for receiving signals 804a and 804b. Each antenna
element 803a, 803b may be connected to a phase shifter 806a, 806b, respectively.
The PAAs are connected to a single RF chain that includes a switch 808, an RF
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processor 801 and an ADC 802 that provides an output to a BB processor 805.
Multiple PAAs may be connected to a single RF chain by using the switch 808
(.e., Nag > Npaa > Nap = Ntgrx). Each PAA may form a narrow beam pattern
covering from +45° to -45° in an azimuth plane. They may be oriented separately
so a single-beam network node may have a good coverage by using a beam at
different direction at different time instances.

[0130] An above-6 GHz system may apply different beamforming
techniques, such as analogue, hybrid and digital beamforming. Embodiments
described herein may apply to these beamforming techniques.

[0131] One or more embodiments may address the transmission schemes
and transmission modes for highly directional antenna systems, and define the
BRS association, the resource allocation and configuration for the fallback
schemes, as well as the necessary CSI feedback.

[0132] Another embodiment may address the scenario where the data
channel may exhibit a significant degradation, while the control channel may
still be received. This scenario may occur for several reasons. For example, the
scenario may be due to a change in orientation of the mobile device, which causes
misalignment of the previously paired Tx-Rx narrow beams for data
transmissions. Embodiments addressing this issue may be based on the fact that
the control channel may still be received, and therefore it may be used for the
data transmission at a lower rate. In other words, a main principle may be the
use of the active control wide beam for data fallback, which may include both DL
and UL data. The embodiments may include, but are not limited to: fallback to
wide beam (both DL & UL data), and/or fallback to dual transport block (TB)
transmission using wide and narrow beams for UE data in the same
transmission time interval (T'TI).

[0133] Another embodiment may address the scenario where both the
control and the data channels are lost due to the beam misalignment. In this
case, a two-step solution may be needed: the first step may identify a fallback for

the control channel, and once the control channel can be decoded, a fallback may
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be determined for the data channel. The embodiments may include: fallback for
the DL control and the associated DL/UL data, using fallback TTI.

[0134] The following may provide details for embodiments of DL/UL
transmission schemes for one and multiple RF chains.

[0135] Transmission schemes for a system operating at a high carrier
frequency (e.g., above 6 GHz) may be defined as mapping of the modulated
baseband symbols to the allocated space/time/frequency resources, individual
transmit antenna(s), and the associated reference symbols.

[0136] As indicated above, systems operating at high carrier frequency
(e.g., above 6 GHz) may need to use beamforming (analog, digital or hybrid) to
compensate for a 20-30 dB pathloss since it becomes more significant as the
carrier frequency becomes higher. The beamforming may be used at the
transmitter and/or at the receiver. The highest beamforming may be achieved
when both transmitter and receiver use beamforming and the beam directions
are aligned (e.g., transmitter and receiver beams are paired). The transmit and
receive beam widths may be determined as a function of the type, size and
number of antenna elements of the phased array antenna (PAA).

[0137] A normal transmission scheme may be defined as a transmission
scheme used when a transmitter and/or a receiver may control beams properly
based on the current channel condition (e.g., wide or narrow transmit and/or
receive beam pairing is complete). The system may operate within the expected
SNR range. In a system, one or more normal transmission schemes may be
defined.

[0138] A fallback transmission scheme may be defined as a transmission
scheme used for one or more of following cases. A fallback transmission scheme
may be used when the performance of the normal transmission scheme is
significantly degraded. For example, a significant loss in SNR may occur due to a
change of the WTRU orientation with respect to the mB or due to blocking. A
fallback transmission scheme may be used when the channel status information

(CSI) ages faster than a feedback cycle, so that a transmitter may not rely on the
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reported CSI. A fallback transmission scheme may be used when a CSI is not
available at the transmitter. Fallback transmission schemes may be defined for
data channels, and for control channels. The transmission schemes in this
disclosure may be not limited to a system with a high carrier frequency and may
be used for a system with any carrier frequency.

[0139] A normal transmission scheme may use a single transmit RF chain
or multiple transmit RF chains. If a single transmit RF chain is used, the normal
transmission scheme may use analog beamforming. On the other hand, if
multiple RF chains are used, the normal transmission scheme may use analog,
digital, or hybrid beamforming. Although the beamforming capability is
determined based on the number of RF chain and/or number of antenna element,
embodiments described herein may be used for a system with any number of
transmit/receive RF chains and/or antenna elements and still be consistent with
this disclosure.

[0140] The beamforming capability described herein may include one or
more of following: a number of beams supported, a beamwidth, a beam control
ability (e.g., analog, digital, and hybrid), and a beam measurement/reporting. The
number of beams may be interchangeably used as a number of beam steering
vectors and a number of precoding vectors. The beamwidth may be
interchangeably used as a beam steering vector and as a precoding vector.

[0141] A normal transmission scheme may use analog beamforming and
may operate using either wide or narrow beams, with or without channel state
information (CSI) feedback from the receiver @.e., closed loop or open loop
transmission schemes).

[0142] In an example, a WTRU may not have a receiver beamforming
capability and an analog beamforming may be used only at the transmitter.
Therefore, the beam pairing between transmitter beam and receiver beam may
not be used. A transmission scheme may be defined without a beam pairing

process. Therefore, a transmitter may not provide a transmit beam information
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(e.g., the transmit beam ID) for a downlink transmission when a transmission
scheme which may not support beam pairing process may be used.

[0143] In another example, a WTRU may have receiver beamforming
capability and the analog beamforming may be used at both transmitter and
receiver. A beam pairing scheme/process between transmitter beam and receiver
beam may be used. A transmission scheme with beam pairing process may use
one or more following methods. A downlink control channel may indicate the
transmit beam information for the associated data channel. The downlink control
channel may be, but is not limited to, a physical downlink control channel, MAC
control message, higher layer radio resource control (RRC) signaling, or a
broadcasting channel. A downlink control channel may indicate a receive beam
information for the associated data channel. Therefore, a WTRU may use the
receiver beam indicated from the downlink control channel. A transmitter may
request a preferred transmit beam information from a receiver, or a receiver may
be configured to report a preferred transmit beam information regularly.

[0144] The receiver beamforming may be indicated as a WTRU capability
and a transmission scheme may be determined as a function of the receiver
beamforming capability. For example, if a WTRU indicates no receiver
beamforming support, a transmission scheme without beam pairing process may
be used. On the other hand, if a WTRU indicates receiver beamforming support,
a transmission scheme with beam pairing process may be used. For the
transmission scheme determination according to the WTRU receiver
beamforming capability, one or more of following operations may apply.
Existence of a bit field in a downlink control channel may be used to indicate the
transmit beamforming information may be determined as a function of the
WTRU receiver beamforming capability. A downlink control information (DCI)
format may be determined as a function of the WTRU receiver beamforming
capability. A channel status information (CSI) reporting type may be determined
as a function of the WTRU receiver beamforming capability. A downlink control

type may be determined as a function of the WTRU receiver beamforming
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capability. The relative timing between a downlink control channel and the
associated data channel may be determined as a function of the WTRU
beamforming capability.

[0145] Referring now to FIG. 9, FIG. 9 illustrates a diagram of a semi-
static association between the control transmit (Tx) beam and data Tx beam.
While the beams shown in FIG. 9 are described in the context of Tx beams used
by a transmitter, it will be appreciated that a receiver uses a corresponding Rx
beam in a similar manner. Therefore, Tx and Rx may be used interchangeably in
the context of a transmitter or a receiver, respectively.

[0146] In FIG. 9, two TTIs 901 and 902 are shown. In TTI 901, a normal
control Tx beam B1 (i.e., wide beam) is associated with a normal data Tx beam
B1, which is a wide beam. In TTI 902, normal control Tx beams B1 and B2 G.e.,
wide beams) are associated with normal data Tx beams B1 and B2, respectively,
where the normal data Tx beams B1 and B2 are wide beams. A transmission
scheme may use an implicit beam association between control channel and data
channel, where a same transmit beam may be used for both the control channel
and the associated data channel, as illustrated in FIG. 9. A WTRU or receiver
may assume that a same transmit beam is used for the control channel and the
associated data channel. A WTRU may use the same receiver beam for the
control channel and the associated data channel as a WTRU may assume the
same transmit beam is used. A WTRU may determine a preferred receiver beam
during the control channel reception and use the determined receiver beam for
the associated data channel.

[0147] For a transmission scheme which may use the same transmit beam
for a control channel and the associated data channel, or may require the same
receiver beam for a control channel and the associated data channel, the transmit
beam information may not be indicated from the control channel. The transmit
beam may be adapted either semi-statically or dynamically without the downlink
beam indication. The beam may be changed semi-statically and the beam

information may be transparent to a WTRU. The beam information for the
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control channel and/or the associated data channel may be indicated via higher
layer signaling. The beam may be changed dynamically without beam indication
in the downlink control channel. The beam information for the control channel
and/or the associated data channel may be determined based on the search space
of the control channel. The beam information for the control channel and/or the
associated data channel may be determined as a function of the location of the
control channel within a search space. A beam index may be determined as a
function of the starting control channel element (CCE) or enhanced control
channel element (ECCE) index of the control channel. A beam index may be
determined as a function of BRS used to demodulation the control channel.

[0148] A transmission scheme may use explicit beam association between
control channel and the associated data channel, where the transmit beam for
the control channel and the associated data channel may be determined
independently (or separately). The transmit beam used for the data channel may
be explicitly indicated from the corresponding control channel. The transmit
beam described herein may include one or more of following parameters:, Tx or
Rx beam width (e.g., beam subgroup), Tx or Rx beam direction (e.g., beam index)
within the beam width, and a time-frequency resource associated with the beam.
The beam index may be indicated as antenna port or reference signal sequence.
[0149] In an example, the transmission scheme using explicit beam
association may dynamically switch the Tx beam within a TTI from the wide
beam used for control channel to a narrow beam used for the associated data
channel. The narrow beam may reside within the wide beam as a subset of the
wide beam. As the transmit node dynamically switches from a wide to a narrow
beam within a TTI, the receive node may need to also steer its receive beam to
ensure that it can receive the narrow Tx beam correctly from the transmitter
(e.g., mB). That is, the receiver configures its receive beam to be aligned with the
narrow transmit beam. The DCI in the control channel may carry one or more of
following parameters for the transmission scheme wusing explicit beam

association: HARQ process number, transport block information, antenna
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configuration (as needed), downlink assignment index (DAI), and/or power
control indicator.

[0150] The DCI in the control channel may carry a beam ID or a beam
index for the data channel. The beam ID or beam index may be interpreted
differently according to the beam used for the control channel. For example, one
or more wide beams may be used for the control channel. Additionally, a group of
narrow beams, which may be associated with a wide beam, may be used for the
associated data channel. Therefore, according to the wide beam used for the
control channel, the narrow beam ID or beam index for the associated data
channel may be different. The beam ID or beam index may be an index of a
narrow beam within the group of narrow beams associated with the wide beam.
[0151] The wide beam for the control channel may be determined in a semi-
static manner. For example, a higher layer signaling may be used to determine
the wide beam and, based on the higher layer configured wide beam for control
channel, the group of the narrow beam may be determined. The wide beam for
the control channel may be determined as a function of the location of a WTRU-
specific search space and/or location within the search space. The wide beam for
the control channel may be determined during initial access procedure, random
access procedure, and/or cell (re)selection procedure.

[0152] The DCI in the control channel may carry a bit field to request
preferred beam reporting. If a WTRU receives an indication of preferred beam
reporting, the WTRU may report a preferred narrow beam index in the

corresponding uplink resource.

[0153] The DCI in the control channel may carry a bit field to request beam
pairing.
[0154] Referring now to FIG. 10, FIG. 10 shows a diagram illustrating an

intra-TTI DL assignment with a guard period to detect the Tx beam for data and
switch the Rx beam. While the beams shown in 10 are described in the context of

Tx beams used by a transmitter, it will be appreciated that a receiver uses a
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corresponding Rx beam in a similar manner. Therefore, Tx and Rx may be used
interchangeably in the context of a transmitter or a receiver, respectively.

[0155] In FIG. 10, two TTIs 1001 and 1002 are shown. In TTI 1001, a
normal control Tx beam B1 (i.e., wide beam) 1s associated with a normal data Tx
beam Bl1x, which is a narrow beam. A guard period G is present between the
control Tx beam B1 and the normal data Tx beam Blx. In TTI 1002, normal
control Tx beams B1 and B2 (i.e., wide beams) are associated with normal data
Tx beams Blx and B2y, respectively, where the normal data Tx beams Blx and
B2y are narrow beams. A guard period G is present between control Tx beam B2
and the data Tx beam B1x.

[0156] Spatially, narrow beams B2x, B2y, etc., are within the area of wide
beam B2. Similarly, a number of narrow beams B1x, Bly, etc., reside within the
area of wide beam B1. Thus, narrow beams B2x, B2y, etc., are associated with
wide beam B2 and narrow beams Blx, Bly, etc., are associated with wide beam
B1.

[0157] The WTRU may need to decode the control channel, and may extract
from the DCI, the ID of the Tx beam (and thus information on the BRS) of the
data channel. This may require a guard time G to be used between the end of the
control region B1 and the start of the associated data Tx beam B1x, to allow the
WTRU enough time to correctly steer its receive beam to receive the data channel
(i.e., to align its (narrow) receive beam with the mB’s transmit beam). Within a
TTI, a guard period G may be achieved by creating a gap between the end of the
control region and the start of the data region, as illustrated in FIG. 10. The
length of the guard period may need to be set such that the WTRU may be able to
decode the control channel and switch its receive beam before the start of the
data region.

[0158] A guard period G may be present between the control channel and
its associated data channel in a certain DCI format in which beam index is

provided for the associated data channel. One or more of following parameters

may apply.
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[0159] A guard period G may be used for a WTRU with a certain receiver
beamforming capability. For example, if a WTRU indicated that the WTRU has
analog beamforming capability only at the receiver, the guard period G may be
configured by the base station via higher layer signaling. Alternatively, a WTRU
may indicate a required guard period for the receiver beamforming adaptation.
[0160] A guard period G may include the control channel reception time
and receiver beam switching time. Therefore, the portion of control channel
reception time may be used, depending on the WTRU receiver beamforming
capabilities.

[0161] A guard period G may be present if the DCI in the control channel
indicates that the beam index of the associated data channel is changed from the
latest beam index. Alternatively, the guard period G may be present if the DCI in
the control channel indicates that the beam index of the associated channel is
different from the beam index of the control channel. A single bit or state in the
DCI may indicate the beam index change confirmation, or guard period
indication. Other bits or states may also indicate the beam index change.

[0162] If the length of the guard period G is smaller than the CP length, no
explicit guard period may be used. If a system supports two or more CP lengths
(e.g., anormal CP length and an extended CP length), the guard period G may be
used in the normal CP case, while no guard period is used in the extended CP
case. Therefore, the guard period G may be considered as ‘0’ in FIG. 10 if the CP
length is larger than beam switching time and the decoding time.

[0163] It should be noted that CP length and guard time can be
interchangeably used. For example, CP length may be used in a certain
waveform (e.g., OFDM) and guard time may be used in another waveform (e.g.,
single carrier modulation) but is not limited to a specific waveform. The CP may
be used between modulation symbols and the guard period may be used between
the control channel and the associated data channel.

[0164] Referring now to FIG. 11, FIG. 11 shows a diagram illustrating a

cross-TTI DL assignment with narrow beam indication. Instead of creating guard
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periods within a TTI, cross-TTI DL assignments may be used where a control Tx
beam in one TTI is associated with a data Tx beam in a subsequent TTI. The
subsequent TTI may immediately follow the corresponding TTI, or may follow by
one or more TTIs. Suffixes “x”, “y” and “z” are further used to identify different
narrow data Tx beams associated with different wide control Tx beams. For
example, B1x/Bly/Blz denote narrow beams associated to wide beam BI,
B2x/B2y denote narrow beams associated to wide beam B2, and so on. In one or
more instances, narrow data Tx beams (e.g., Blx and B2y) may be sequentially
transmitted in the same TTI (e.g.,, TTI1). In other instances, narrow data Tx
beams (e.g., B3x and B3y) may be transmitted in parallel in the same TTI (e.g.,
TTI3)

[0165] For the cross-TTI assignments, the control channel signaled during
TTI “n” may point to DL data assignments for TTI “n+k”. In this case, both the
offset “k” and the narrow beam for data transmission may need to be signaled in
the DCI in addition to the default information fields that may need to be carried
in the DCI.

[0166] The above examples illustrate schemes using a single transport
block (TB) per TTI. In another example, a transmission scheme may use two or
more transport blocks (TBs) within a TTI.

[0167] Referring now to FIG. 12, FIG. 12 shows a diagram for a dual TB
transmission scheme. Two or more transport blocks may be transmitted with a
same beam as the control channel, or may be transmitted with different beams.
For example, FIG. 12 illustrates two transport blocks 1201 and 1202 transmitted
(multiplexed) in a TDM fashion within a single TTI (e.g., TTI1). The transmission
of the individual transport blocks may use the same beam as the control channel
(e.g., transport block 1201 which uses a wide beam), or may use a different beam
(e.g., transport block 1202 which uses a narrow beam). In the latter case, the
narrow beam ID may need to be signaled in the control region of the TTI.

[0168] In particular, as shown in FIG. 12, a first TB (TB1) may use the

same wide beam or the same beam ID as the control channel, and a second TB
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(TB2) may use a narrow beam or a beam ID that is different from the beam ID
used by the control channel. The beam ID for TB2 may be signal in a DCI
transmitted in control data B1 that is associated with TB2. In addition, the dual
TB transmission scheme shown in FIG. 12 may be used to carry out a fallback
transmission, to be described in more detail below. As a fallback mechanism,
data carried by TB1 may be a subset of the data carried by TB2, and TB1 may
use a lower modulation and coding scheme (MCS) value than TB2.

[0169] In an example which the two transport blocks may be transmitted in
a TDM fashion, the control channel and the DL data assignment may be in the
same TTI. For example, transport block 1201 may be associated with control Tx
beam 1203 and transport block 1202 may be associated with control Tx beam
1204. The first transport block may be mapped on to a first codeword provided in
the control Tx beam 1203 and the second transport block may be mapped on to a
second codeword provided in control Tx beam 1204. The codeword may be
associated with: a specific beam or beam ID, a BRS, and/or a time/frequency
location. As used herein, a codeword represents user data before it is formatted
for transmission.

[0170] There may be a one-to-one mapping between the transport block and
the codeword. The mapping rule may be fixed. For instance, the first transport
block may be mapped onto the first codeword and the second transport block may
be mapped onto the second codeword. Alternatively, the mapping rule may be
dynamically indicated. For instance, the first transport block may be mapped
onto one of the codeword according to the indication. The number of codeword(s)
could be equal to or smaller than the number of the transport block(s). If a single
codeword is defined, irrespective of the number of transport block, the same beam
may be used. Therefore, the transport blocks within a TTI may be mapped on to a
single codeword.

[0171] Furthermore, the first codeword (codeword #1) may be transmitted
on the same wide beam as the control channel, and the second codeword

(codeword #2) may be transmitted on a narrow beam. In this case, mapping of
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codeword #2 in the data region of the TTI may be done such that the WTRU has
enough time to decode the control channel and switch its receive beam before it
may start buffering and receiving the symbols corresponding to codeword #2.
[0172] In another example in which the two transport blocks are
transmitted in a TDM fashion, the control channel and the DL data assignment
may be in different TTIs. In this case, the network (e.g., mB) may include in the
DCI the following information: the relative TTT offset of the DL data assignment
and/or the Tx beam index (or beam ID) for both codewords. In this example,
codeword #1 and codeword #2 may be mapped anywhere in the data region of the
TTI (i.e., flexible mapping).

[0173] In an example, a normal transmission scheme in DL may use an
open loop wide beam transmission with channel quality indication (CQI) only
reporting for link adaptation purposes. For this scheme, the WTRU may use the
BRS associated to the mB DL Tx wide beam, to perform channel estimation,
receive the data channel and measure the CQI.

[0174] In another example, a normal Tx scheme may use closed loop
narrow beam transmission. The WTRU may report, in addition to the CQI for the
active beam, measurements on other detected narrow beams. For this scheme,
the WTRU may use the BRS associated to the active narrow beam to perform
channel estimation, receive the data channel, and report the CQI. Additionally,
the WTRU may use BRS of other beams to perform and report other narrow
beam measurements and report the beam ID of its preferred narrow beam.

[0175] One or more fallback transmission schemes are provided herein. The
term “fallback transmission scheme” may be interchangeably used with the
following: open-loop transmission scheme, coverage enhanced transmission
scheme, beam diversity transmission scheme, beam sweeping transmission
scheme, and transmit diversity scheme.

[0176] In one or more embodiments, a fallback transmission scheme may
be defined as a transmission scheme which may not require a beam pairing

process, WTRU reporting assistance for beam pairing, and/or beam ID indication

-39.

Samsung Exhibit 1004, Page 41 of 98



WO 2017/083489 PCT/US2016/061282

for the associated data channel. One or more of following parameters may apply
for fallback transmission scheme. A certain DCI format may be used for fallback
transmission scheme which may not include beam ID for the associated data
channel. The control channel and/or data channel may be transmitted with one or
more beams. A single wide beam may be used. Two or more wide beams may be
used, where the two or more wide beams may be configured for a control channel
and/or a data channel transmission. Two or more narrow beams associated with
a wide beam which may be used in the normal transmission configured or used.
[0177] The control channel and/or data channel may be transmitted with
repetitions. Two or more TTIs may be used for repetitions. A different beam may
be used in each TTI. The beam ID in each TTI may be predefined or configured
by higher layer signaling. Alternatively, the beam ID in each TTI may be
determined as a function of the subframe number and/or SFN. The number of
repetition of the fallback transmission scheme may be determined by one or more
of following: configuration via higher layer signaling and/or broadcasting
channel, a function of number of wide beams and/or number of narrow beams, an
indication from the associated DCI, the time/frequency resource used during
random access procedure, and/or system parameters.

[0178] In another example, a fallback transmission scheme may be defined
as a transmission scheme which may be transmitted in a subset of the TTIs. A
subset of TTIs may be defined or configured for the fallback transmission. A
subset of TTIs may be defined or configured to monitor control channel associated
with a fallback transmission. The subset of TTIs may be configured via higher
layer signaling. The subset of TTIs may be determined as a function of the wide
beam index associated with the control channel which is used for normal
transmission. The subset of TTIs may be determined as a function of one or more
of system parameters including physical cell ID, SFN number, and/or system
bandwidth.

[0179] There may be a BRS association for normal and fallback

transmission schemes. Each of two or more BRSs may be defined with a BRS
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index associated with a beam. The BRS index may be defined according to the
beam width. In an example, a BRS index associated with wide beam may be
defined as W_x, where x € {1,2,...,N}, and a BRS index associated with narrow
beam may be defined as N_y, where y € {1,2, ..., M}. N wide beams and M narrow
beams are used in the system with a BRS index. A WTRU may determine an
associated receiver beam for each BRS index. The wide beams and the narrow
beams may be independently defined. Alternatively, a wide beam may be
associated with two or more narrow beams.

[0180] In another example, the BRS index may be defined in a hierarchical
manner. For example, B_x, where x € {1,2, ..., N} may be defined as BRS index
associated with a wide beam and each wide beam may be associated with two or
more narrow beams B_xy, where y € {1,2, ..., M}. Each wide beam may have two or
more associated narrow beams. The number of narrow beam may be different
according to the wide beam index.

[0181] According to the BRS index used, a WTRU may determine a receive
beam to receive the signal and perform signal reception procedures. For example,
the WTRU may form a receiver beam in analog, digital, or hybrid domain to
receive the signal and buffer the signals before it starts demodulation.

[0182] In one or more embodiments, a first BRS index may be used to
monitor and/or receive a control channel and a second BRS index may be used to
receive an associated data channel. One or more of following parameters may
apply.

[0183] The first BRS index may be associated with a wide beam and the
second BRS index may be associated with a narrow beam. The first BRS index
may be one of the beam indexes of wide beams. The second BRS index may be a
narrow beam index associated with the first BRS index. For example, if the first
BRS index is B_x, the narrow beam index may be B_xy, where the x is the same
for both first BRS index and the second BRS index.

[0184] The first BRS index may be determined during random access

procedures and the second BRS index may be determined by a transmitter (e.g., a
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mB). For example, the first BRS index may be determined as a function of the
PRACH resource used and the second BRS index may be indicated in the
associated DCI.

[0185] The first BRS index may be determined during initial access
procedures including cell selection/reselection procedures. The first BRS index
may be determined as a function of the physical cell ID. The first BRS index may
be determined based on the downlink measurement which may be used for cell
selection/reselection. The first BRS index may be determined based on the time
location of the synchronization signal received.

[0186] In one or more embodiments, a first BRS index may be used to
monitor and/or receive a first type of control channel and a second BRS index
may be used to monitor and/or receive a second type of control channel. One or
more of following parameters may apply. The first BRS index and the second
BRS index may be associated with a wide beam. The first BRS index may be
associated with a wide beam and the second BRS index may be associated with a
narrow beam. The second BRS index may be one of the narrow beams associated
with the first BRS index. The second BRS index may be one of the narrow beams
which may be independent from the wide beam index.

[0187] The first type of control channel may be a broadcasting/multi-
casting channel and the second type of control channel may be a WTRU-specific
control channel. For example, the first type of control channel may be defined as
a common search space and the second type of the control channel may be defined
as a WITRU-specific search space. A WTRU may monitor the first type of control
channel in a common search space to receive a multi-casting and broadcasting
channels including system information, group power control, paging, and MBMS.
A WTRU may monitor the second type of control channel in a WTRU-specific
search space to receive unicast traffic.

[0188] In one or more embodiments, the WTRU and the mB may operate
using multiple transmission schemes. For example, both wide beams and narrow

beams may be used in a first transmission scheme and wide beams may be only
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used in a second transmission scheme. One or more of following parameters may
apply. The first transmission scheme may be a normal transmission scheme and
the second transmission may be a fallback transmission scheme.

[0189] The first transmission scheme may use one beam for a single
transmission while the second transmission scheme may use beams available for
a single transmission. The single transmission may be a control channel
transmission or a data channel transmission. The single transmission may be a
single transport block transmission for the data channel. In case of the control
channel, the single transmission may be a single DCI transmission. The second
transmission scheme may use beams available with repetitions. For example, N
repetitions may be used with N beams. Therefore, one BRS index associated with
a repetition transmission and all BRS indices are used with N repetitions, where
N wide beams may be used in the system.

[0190] The first transmission scheme may use the BRS index indicated
from a transmitter while the second transmission scheme may use a predefined
BRS index. The predefined BRS index may be determined by one or more of
following: a fixed number, a predefined sequence, a subframe number and/or
frame number, time/frequency location, a WTRU ID, and/ or system parameters.
[0191] In one or more embodiments, a WTRU may report downlink
reference signal received power (e.g., RSRP) for one or more BRS in order to
provide physical layer G.e., layer 1 (I.1)) measurement and CSI feedback. For
example, a hierarchical BRS structure may be used, wherein N wide beams may
be used with M narrow beams for each N wide beams. It should be noted that the
terms reference signal received power, downlink pathloss, pathloss, channel
quality indicator, wideband channel quality indicator, RSRP and downlink
measurement may be used interchangeably.

[0192] One or more of following parameters may apply for the downlink
measurement reporting. A downlink measurement may be reported for the
currently configured or used wide beam. A downlink measurement may be

reported for a subset of N wide beams wherein the subset may be determined
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based on currently configured or used wide beam. For example, adjacent wide
beams of the currently configured or used wide beam may be determined as the
subset. The downlink measurement reporting for a subset of N wide beams may
include individual downlink measurement value for each wide beam within the
subset. The downlink measurement reporting for a subset of N wide beams may
include an index of the wide beam within the subset of N wide beams, which may
provide the highest value and its associated downlink measurement value.

[0193] A downlink measurement may be reported for all N wide beams
configured by mB. A WTRU may report one downlink measurement for a wide
beam at a time. A reporting cycle (e.g., duty cycle) may be determined or
configured for each wide beam. Therefore, each wide beam may have a same or a
different reporting cycle. A time offset (e.g., TTIs) may be used for downlink
measurement reporting for each wide beam.

[0194] In one or more embodiments, a WTRU may send a beam pairing, or
beam re-pairing, request to a mB. For example, if a currently configured or used
downlink transmit beam is below a predefined threshold, the WTRU may send a
request of beam pairing between transmit and receive beams. The beam pairing
request information may be transmitted in a higher layer configured uplink
control resource. The higher layer configured uplink control resource may be the
same as the uplink control resource configured for scheduling request. The beam
pairing request information may be interchangeably used by a fallback
transmission request.

[0195] The following provides a description of DL/UL transmission modes
and modes of operation. In the current 3GPP specifications, the transmission
modes may only be applicable to a downlink shared channel (DL-SCH)
transmission, and may define the single or multi antenna transmission scheme,
the specific antenna mapping, the reference symbols used for demodulation (e.g.,
CRS or DM-RS), and the associated CSI feedback. For systems operating at
frequencies above 6 GHz, there may be a need to expand the concept of

transmission mode to address aspects of the propagation channel specific to the

-44-

Samsung Exhibit 1004, Page 46 of 98



WO 2017/083489 PCT/US2016/061282

use of directional antennas (i.e., narrow and wide beams), such as: effects of
change in the WTRU orientation, blocking effects, delay and angle spread, and so
on.

[0196] One or more transmission modes may be used in a system and a
transmission mode may use one or more transmission schemes. A WTRU may be
configured with a transmission mode in a semi-static manner and the
transmission schemes used within a transmission mode may be switched
dynamically (e.g., according to a dynamic switching transmission mode). A
transmission mode may be configured via higher layer signaling. A transmission
mode may be determined as a function of at least one of the number of antenna
ports, WTRU capability, and system parameters. A transmission mode may be
determined based on the beamforming capability of a WTRU which may include
the number of RF chains, number of receive beams, and/or beam switching time.
[0197] For example, a transmission mode may use two transmission
schemes where a normal transmission scheme and a fallback transmission
scheme may be used. One or more of following parameters may apply. Within a
transmission mode, a transmission scheme used in a TTI may be determined by a
DCI format received in the control region. A first transmission scheme may be
used if a first DCI format (e.g., DCI format-A) is received in the control region
and a second transmission scheme may be used if a second DCI format (e.g., DCI
format-B) is received in the control region. The first transmission scheme may be
a normal transmission scheme and the second transmission scheme may be a
fallback transmission scheme.

[0198] The transmission scheme used in the TTI may be determined by a
TTI type associated with a transmission. Each TTI may be associated with a
transmission among the transmission schemes associated with the transmission
mode. Therefore, the transmission scheme may be determined as a function of
the subframe number and/or frame number.

[0199] The transmission scheme used in the TTI may be determined by a

search space of the control channel. The control channel monitored by WTRU
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may be split into multiple subsets and each subset may be associated with a
certain transmission scheme.

[0200] The transmission scheme used in the TTI may be determined by an
indication in the DCI.

[0201] A WTRU may monitor a control channel according to a first
transmission scheme in all TTIs, while the WTRU may monitor a control channel
according to a second transmission scheme in a subset of TTIs. The first
transmission scheme may be a normal transmission scheme and the second
transmission scheme may be a fallback transmission scheme. A WTRU may
monitor the control channel for the second transmission scheme if one or more of
the following applies: the WTRU 1is not scheduled for a certain number of
consecutive TTIs, the WTRU sends a certain number of consecutive negative
ACK corresponding to downlink transmissions, or a downlink measurement is
below a predefined threshold.

[0202] A WTRU receiver may use a narrow beam in the first transmission
scheme and the WTRU may use a wide beam in the second transmission.

[0203] A WTRU receiver may use a beam ID indicated in the associated
control channel to receive the corresponding data channel for the first
transmission scheme, and the WTRU may use a predefined beam to receive the
corresponding data channel for the second transmission scheme. The predefined
receiver beam for the second transmission scheme may be the same receiver
beam used for the associated control channel. Alternatively, a sequence of beams
may be predefined.

[0204] The following embodiments may include switching (in a semi-static
or dynamic fashion) between fallback and normal transmission schemes and may
address the following aspects: DCI and UE monitoring behavior, and WTRU
behavior for switching between fallback and normal transmission schemes.

[0205] In one of more embodiments, it may be assumed that the WTRU
may be connected to the mB via a narrow beam pair for the DL and UL data, and

that the mB may use a wide beam for the DL control channel transmission. Thus,
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an operation with data fallback to a wide beam is described such that, as the
orientation of the WTRU may change, the paired narrow beams used for data
transmission may become misaligned, and the data link may experience a sudden
and significant drop in signal-to-noise ratio (SNR). If the change in the WTRU
orientation does not exceed a certain value, the DL control channel transmissions
using wide beams may still be received by the WTRU. This scenario may trigger
the mB to dynamically switch the WTRU to a data fallback scheme that uses the
same wide beam as for the DL control channel. The data fallback scheme may
allow the WTRU to maintain connection using the current transmission mode,
while the mB may perform a RRC reconfiguration of the transmission mode until
the mB may perform a beam switch, or until the operating SNR using the current
transmission mode may improve.

[0206] The following embodiments may address triggers that initiate the
mB to use the data fallback, how the DL data fallback scheme is signaled to the
WTRU, and how the WTRU data fallback scheme is signaled to the WTRU.

[0207] In one or more embodiments, signaling the DL data fallback to wide
beam is described such that the mB may use the same wide beam as used for the
control channel for the transmission of the DL fallback data. One or more of
following parameters may apply. The WTRU may need to switch its receive beam
for data to the beam used to receive the control channel. If control and fallback
data are scheduled in the same TTI, a guard time may be needed between the
control and the data regions of the TTI, as shown in FIG. 10. The fallback data
may be scheduled for a subsequent TTI. The offset of the TTI carrying fallback
data may be signaled in the DCI, may be pre-defined, or may be semi-statically
configured.

[0208] A different DCI format may be used for fallback and normal
transmission. For example, DCI-A may be used for normal transmission and
DCI-B may be used for fallback transmissions. In the embodiment described
above, the use of fallback DCI (DCI-B) may implicitly indicate the fallback data is
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transmitted on the same wide beam as the control. In this case, the fallback DCI
may not include the BRS and beam ID.

[0209] In another embodiment, the fallback DCI may explicitly indicate the
data fallback beam. The fallback DCI may include at least one of the following
pieces of information: BRS, beam ID, and the offset (in TTIs) of the DL data
assignment. The fallback DCI may also include the preferred WTRU transmit
beam for UL data fallback.

[0210] In another embodiment, the data fallback beam may be determined
implicitly during the reception of the associated control channel. For example, a
WTRU may perform a blind decoding of the associated control channel with one
or more BRS candidates. The WTRU may determine one BRS for the associated
control channel decoding. Based on the determined BRS for the associated control
channel, the WTRU may determine the data fallback beam. In another example,
a WTRU may perform a blind decoding of the associated control channel with one
or more control channel candidates. The WTRU may determine the control
fallback beam as a function of the control channel candidate. Based on the
determined control fallback beam, the WTRU may determine the data fallback
beam.

[0211] A WTRU may monitor for both a first DCI format (e.g. DCI-A) and a
second DCI format (e.g., DCI-B) in each TTI. Alternatively, the WTRU may
monitor for DCI-B only in configured TTIs. The use of DCI-A versus DCI-B may
implicitly indicate a different timing rule for the associated data channel
reception. In one example, the data channel associated to DCI-A may be
transmitted in TTI n+k1 for a DCI-A signaled in TTI n, while the fallback data
channel associated to DCI-B may be transmitted in TTI n+k2 for a DCI-B
signaled in TTI n. The offset values k1 and k2 may be either explicitly included
in the DCI, or the offset of the fallback data, k2, may be implicitly derived from
the fallback DCI-B type.

[0212] Upon the detection of the fallback DCI-B on the control wide beam
in TTI #n, the WTRU may configure its receive beam for DL data in TTI #n+k2,
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where k2 may be explicitly signaled in DCI-B or implicitly derived from the
fallback DCI-B type. This may be done using the appropriate BRS, which may be
either the same BRS as used for the wide beam control, or determined based on
the beam ID that may be signaled in DCI-B.

[0213] Additionally, the WTRU may transmit the UL Acknowledgment—
Negative Acknowledgment (A/N) feedback using an UL beam that has the same
orientation as the DL beam used for the data fallback reception. The timing for
the transmission of the UL A/N feedback may be determined implicitly based on
the TTI index (n+k2) of the fallback data transmission. For example, the UL A/N
corresponding to the DL fallback data on TTI #n+k2 may be transmitted in TTI
#n+k2+m. During TTI #n+k2+m, the mB may monitor the WTRU UL A/N
feedback using an UL Rx beam with the same orientation as the DL Tx beam
used for DL data fallback transmission during TTI #n+k2.

[0214] In an embodiment, a mB may indicate a fallback for UL data
transmission. The fallback for UL data transmission may have at least one of the
following parameters. First, a predefined wide beam may be used for uplink
transmission. The predefined wide beam may be based on the beam used for UL
control. The predefined wide beam may be a beam index. Second, a wider beam,
which may be associated with the most recent narrow beam, may be used. For
example, a wider beam may consist of one or more narrow beams that may be
used for normal UL data transmission, and if a fallback UL transmission is
triggered or indicated, the wider beam may be used for the UL fallback data
transmission. Third, repetitions of the UL data transmission may be used.
Fourth, the UL data transmission may be within a narrower bandwidth. Fifth, a
higher transmission power may be used.

[0215] In an embodiment, the indication of a fallback UL data transmission
may be transmitted in a DCI. For example, a reserved bit in a DCI, which may be
used for uplink grant, may be used to indicate a fallback UL data transmission.

In another example, a fallback DCI may be used and a WTRU may monitor for
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the fallback DCI as well as for a normal DCI for normal UL data transmission
(e.g., normal DCI). One or more of the following parameters may apply.

[0216] The fallback DCI may be monitored for in a subset of resources in
which a WTRU may monitor for normal DCI. For example, if a WTRU monitors
for normal DCI in every TTI, the WTRU may monitor for the fallback DCI in a
subset of TTIs. A WTRU may monitor for both normal DCI and fallback DCI in a
TTI, which may be a subset of TTIs determined for the fallback DCI.

[0217] The fallback DCI and the normal DCI may be monitored in a
disjoint set of TTIs. For example, a first set of TTIs may be used for normal DCI
and a second set of TTIs may be used for fallback DCI, and there may be no
overlap between the first set and the second set. The first set of TTIs may be
larger than the second set of TTIs. A transmission scheme for the associated UL
data transmission may be different for the first set of TTIs and the second set of
TTIs.

[0218] A fallback DCI may be received over multiple TTIs while a normal
DCI may be received within a single TTI. For example, the fallback DCI may be
transmitted with repetitions with multiple (e.g., consecutive) TTIs, while the
normal DCI may be transmitted within a TTI.

[0219] When the fallback DCI is transmitted with repetitions, at least one
of following parameters may apply. A different transmit beam (e.g., beam ID)
may be used for each repetition. For example, if the number of repetitions G.e.,
number of TTIs) is N, the transmit beam may change in each repetition.
Therefore, N transmit beams may be used for a single fallback DCI transmission.
If a total number of transmit beams at a transmitter is M and M is smaller than
N, the M transmit beams may be cyclically used with N repetitions. Therefore, M
transmit beams may be used for a single fallback DCI transmission with N
repetitions. If a different transmit beam (e.g., beam ID) may be used for each
repetition, a corresponding receiver beam may be used at a receiver.

[0220] The embodiments described herein may be used for the DCI that is

used for normal and fallback downlink data transmissions, although an uplink
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transmission beam may be replaced by a downlink receiver beam and still be
consistent with the embodiments.

[0221] In one or more embodiments, the dual TB transmission scheme
described above (see e.g., FIG. 12) may be used as a fallback transmission while
operating in the dynamic switching transmission mode. Thus, an operation with
dual TB based fallback Tx scheme is provided. As used herein, transport block
and codeword may be used interchangeably.

[0222] When the mB detects that a particular WTRU needs data fallback,
it may partition the transmission of the next transport block (MAC PDU) into
two physical layer code words, which may be transmitted on a single spatial
layer, in a TDM fashion within the TTI. The first codeword may use the same
wide beam as the control channel, while the second codeword may use a narrow
beam, with the beam ID or the beam index signaled by the mB in the DCI (see
e.g., FIG. 12).

[0223] In an embodiment, the first codeword may use a robust coding and
modulation scheme, and the data carried in the first codeword may be a subset of
the data in the second codeword (current MAC PDU being transmitted). The
WTRU may use the data that is correctly decoded in the first codeword to decode
the second codeword.

[0224] Referring now to FIG. 13, FIG. 13 shows a diagram illustrating
using a dual TB transmission scheme for data fallback. In an embodiment
according to FIG. 13, the size of a MAC PDU 1301 to be transmitted may exceed
a max Turbo coder block size and code block segmentation with M code blocks
1302 may be used. In this scenario, in a first transmission, the data transmitted
by the first codeword may be a full code block of the MAC PDU carried in the
second codeword, as illustrated in FIG. 13. The next (e.g., second) transmission of
fallback data using this scheme may transmit, in the first codeword, the next
code block of the current MAC PDU, and may re-transmit the full MAC PDU in
the second codeword. This transmission scheme may continue (e.g., for M

transmissions) until the WTRU correctly decodes the MAC PDU and the mB

51-

Samsung Exhibit 1004, Page 53 of 98



WO 2017/083489 PCT/US2016/061282

receives an ACK for the current MAC PDU transmission. The A/N signaling for
this scheme will be described in more detail below. Thus, a wide data Tx beam B1
may be used for transmitting TB1 (@.e., first codeword) of a transmission and a
narrow data Tx beam Blx or Bly may be used for transmitting TB2 (i.e., second
codeword).

[0225] Referring now to FIG. 14, FIG. 14 shows a diagram illustrating
another example of using the dual TB transmission scheme for data fallback. In
an embodiment according to FIG. 14, if a size of the MAC PDU does not exceed
the max Turbo coder block size, the MAC PDU 1401 may be partitioned in M sub-
blocks 1402. The first codeword may be used for sequential transmission of
independently coded sub-blocks and the second codeword may be used for the
transmission (and re-transmission) of the entire MAC PDU, as shown in FIG. 14.
For example, for the first transmission of the fallback data, codeword #1 may
transmit sub-block #1 of the MAC PDU, and codeword #2 may transmit the
entire MAC PDU. For the first re-transmission (e.g., second transmission) of the
fallback data, codeword #1 may carry sub-block #2, and codeword #2 may carry
the full MAC PDU. The process may continue for a next transmission (e.g., third
transmission) until the WTRU ACKSs codeword #2. Thus, a wide data Tx beam B1
may be used for transmitting TB1 (i.e., first codeword) of a transmission and a
narrow data Tx beam Blx or Bly may be used for transmitting TB2 (i.e., second
codeword).

[0226] DL assignment for the dual TB transmission may be provided such
that the dual TB transmission may be used as a normal transmission scheme, or
as a fallback scheme. The DCI for the dual TB transmission scheme may include
the default information: resource assignment information for each codeword (e.g.,
resource block allocation), HARQ process number, transport block information
(modulation and coding scheme (MCS), redundancy version (RV), new data
indicator (NDI), etc.), antenna configuration (as needed), DAI, power control
indicator, and other flags as needed. Additionally, the DCI may include beam ID

or beam index for each TB. In one or more embodiments, the beam ID or beam
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index of the first codeword may implicitly be set to the beam ID or beam index
used for the control channel transmission, and thus it may not be included in the
DCI.

[0227] As the segmentation of the MAC PDU may be different for the
fallback scheme as compared to the normal scheme, the segmentation
configuration may be signaled to the WTRU. The type of segmentation may be
indicated in the DCI, or may be included in the MAC header. For the case where
the type of segmentation is included in the DCI, the DCI format for the dual TB
scheme used for fallback may be different from the DCI format for the dual TB
scheme used for normal transmission.

[0228] In one example, for the data fallback transmission, the DCI may
include the following: a field indicating that a single MAC PDU is transmitted
using the 2 CW scheme, a field indicating the number M of sub-blocks (or code
blocks) the MAC PDU is partitioned in for mapping to codeword #1 (see e.g., FIG.
13 and FIG. 14), and the index (in the range 1 to M) of the sub-block (or code
block) transmitted in the current TTI. The maximum value of M may be pre-
defined. The choice for the maximum value of M may be a trade-off between the
maximum transport block size to be transmitted with the fallback scheme, and
the maximum number of TTIs the MAC PDU may be transmitted due to sub-
block or code-block partitioning for transmission on codeword #1.

[0229] The dual TB transmission scheme may be used in all TTIs, or may
be used in configured TTIs. When the scheme is used in all TTIs, the WTRU may
need to monitor the normal DCI as well as the fallback DCI in all TTIs. When the
scheme is used in configured TTIs, the WTRU may monitor the normal DCI and
the fallback DCI during the configured TTIs, and may monitor the normal DCI
only for the rest of the TTIs.

[0230] In one or more embodiments, HARQ retransmissions may be used
when using the dual TB scheme. For example, when the dual TB scheme is used
for fallback data, the mB may transmit in the first codeword, consecutive code

blocks (or sub-blocks) of the original MAC PDU (as shown in FIG. 13 and FIG.
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14). The WTRU may only transmit UL A/N signals for the second codeword. The
mB may sequentially transmit code block (or sub-block) index 1, 2, ...M of the
current MAC PDU on codeword #1 and the full MAC PDU on codeword #2. This
may be done until the WTRU correctly decodes the MAC PDU on codeword #2.
Due to HARQ processing latencies, and depending on how the DL fallback data
transmissions are scheduled, it may happen that the mB transmits code block (or
sub-block) k+1 after the WTRU has ACK-ed the MAC PDU after receiving code
block (or sub-block) k. In this case, the WTRU may discard all the subsequent
received buffers for the current MAC PDU.

[0231] In another embodiment, when the dual TB scheme is used for
normal data transmission, the WTRU may transmit UL A/N signals for each
codeword. In this case, if the WTRU correctly decodes codeword #1, but not
codeword #2, the WTRU may send an ACK for codeword #1 and a NACK for
codeword #2. When the mB receives an ACK for codeword #1 and a NACK for
codeword #2, for the next transmission to the WTRU, the mB may transmit the
next code block (or sub-block) of the sequence in codeword #1, and re-transmit the
entire MAC PDU in codeword #2.

[0232] A control channel fallback operation is described such that fallback
TTIs may be pre-defined TTIs within sub-frames, which may be used by the mB
to transmit the control channel on multiple wide beams @.e., perform wide beam
sweeping) to WTRUs that may need control fallback. For example, for cases
where the WTRU may change its orientation, or when blockage of an active beam
pair may occur, the mB may determine the need to use a fallback transmission
scheme for the control channel and the data channel of a specific WTRU. In this
case, during the fallback TTIs, the mB may repeat the transmission of the control
channel on several spatial beams, to enable the WTRU to correctly receive the
control channel in one or more beams. The one or more beams may be different
from the original active beam of the active beam pair. The mB may use a fallback
DCI (e.g., DCI-B) to transmit the fallback control channel during the fallback
TTIs.
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[0233] To make efficient use of the spectrum resources, the fallback TTIs
may be used for regular transmissions when fallback schemes are not used. Thus,
the mB may use fallback schemes only if the mB determines it needs to. In this
case, the mB may use normal DCI (e.g., DCI-A) for the control channel
transmissions. During fallback TTIs, the WTRU may monitor for both the normal
DCI (e.g., DCI-A) and the fallback DCI (e.g., DCI-B).

[0234] In one or more embodiments, when the mB determines the need for
control fallback for a WTRU, it may use the same reference signal (BRS) for all
control beams that it re-transmits to the WTRU. In this case, the WTRU may
need knowledge of the number of repetitions of the control channel, as well as of
the time and frequency resources that may be assigned to the fallback TTI.
Accordingly, the WTRU may monitor the fallback TTIs using the same reference
signals (BRS) as used for the normal transmission scheme.

[0235] In another embodiment, the mB may use different BRSs for each
beam, which may enable the WTRU to perform beam measurements. In this case,
a mapping of the mB Tx beam ID (or beam index, or BRS) to time-frequency
resources within the fallback TTIs may need to be known at the WTRU. This
mapping may be either cell-specific (in which case, it may be signaled on
broadcast), or WTRU specific, which may be configured via RRC signaling.

[0236] Mapping of Tx beam for fallback DCI to resources (TTI/OFDM
symbol) is provided according to one or more embodiments. As previously
indicated, the first element that enables the control channel fallback operation
may be the provisioning of fallback TTIs. The fallback TTIs may be either cell
specific or WTRU specific.

[0237] In addition to provisioning the fallback TTIs, the WTRU may need
to be able to find and decode the fallback control channel within the fallback
TTIs. Therefore, a mapping between the mB transmit beam and the resources
used for the fallback control channel may need to be defined. The mapping may
be cell specific or WTRU specific and may be signaled to the WTRU via broadcast

signals or RRC signaling. The signaling may include information on the number
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of Tx wide beams supported by the mB, the number of fallback TTIs per sub-
frame, the length of the control region in the fallback TTIs.

[0238] In one or more mapping embodiments, the number of mB Tx wide
beams is denoted by Nwb, the size Gn OFDM symbols) of the control region
within a TTI is denoted by Lc, and the number of fallback TTIs per sub-frame is
denoted by Nf. The mapping may be static, and pre-defined, as follows.

[0239] The sub-frame pattern periodicity, 7, may be determined as the
ratio between the number of mB wide beams (Nwb) and the number of OFDM
symbols per sub-frame that may be used for fallback control signaling (L N).
[0240] The index of the fallback TTI (f) within a sub-frame may be fixed
(pre-defined), or it may be WTRU specific. If the index of the fallback TTI is

WTRU specific, in one example, the index may be set as: t; = mod <UI§’D ) If more
f

than one fallback TTIs per sub-frame are assigned to a WTRU, the index of the
first fallback TTI may be calculated as indicated above. The indices of the
subsequent fallback TTIs in the sub-frame may be at a fixed offset (pre-defined or
signaled) with respect to the first fallback TTI.

[0241] The mapping between the mB Tx wide beam b, (0 <b <N,,, — 1),
the fallback TTI index n,(0 <n<N;—1) within sub-frame k, (0 <k <T—1),
and the OFDM symbol index (/), may be expressed as: b = k- Ny~ L. +n- L.+ L.
[0242] In this example, the mB would transmit the fallback DCI on wide
beam index b in sub-frame k, fallback TTI index n within sub-frame k, and
OFDM index 1 within the fallback TTI. FIG. 15 shows a diagram of a mapping of
Tx beams for fallback DCI to resources for a single RF chain mB. According to
this mapping, Nwb = 6, Nf=1 and Lc = 3 and a WTRU and mB behavior during
fallback TTI is provided according to such mapping.

[0243] In particular, FIG. 15 shows a diagram illustrating an example of
fallback TTI and linkage between fallback DCI and fallback data, where the mB
has one RF chain. In particular, a control channel fallback transmission scheme

using fallback TTIs is shown such that a DL control channel in a fallback TTI
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may be repeated for one or more beam identities in a TDM manner. A WTRU
may monitor and/or attempt to decode one or more of the control channels.
Furthermore, the WTRU may use one Rx beam or sweep its Rx beam over a set of
predefined or configured beam indices for monitoring/decoding the control
channels.

[0244] During the TTIs that the mB configures as fallback, the mB may
sweep the wide beam control channel using fallback DCI (DCI-B) for the WTRUs
that may need control fallback. During the TTIs configured for fallback, the
WTRU may monitor for both the regular DCI (DCI-A) and the fallback DCI (DCI-
B). During the TTIs not configured for fallback @G.e., non-fallback TTIs), the
WTRU may monitor for the regular DCI (DCI-A). The WTRU may not monitor for
the fallback DCI (DCI-B) during the non-fallback TTIs.

[0245] The fallback DCI (DCI-B) may point to the DL resource assignment
(time, frequency and beam) for fallback data. The mB may schedule fallback data
repeated on multiple wide beams (e.g., B1, B2, B3 in FIG. 15), using smaller TBs
(1.e., a smaller TB size).

[0246] In one example, the association between the fallback control (DCI-B)
and the fallback data is shown in FIG. 15. The fallback data may be assigned on
the same wide beam as the wide beam used for signaling the fallback control
(DCI-B). In this case, in addition to the regular information carried in the DCI,
DCI-B may also signal the offset in TTIs) of the TTI that carries the fallback
data, with respect to the current TTI (the offset may also be set to zero).
Alternatively, the DCI-B may signal the beam ID or the beam index, and
correspondingly the BRS of the beam that carries the fallback data.

[0247] Referring now to FIG. 16, FIG. 16 shows a diagram illustrating an
example of fallback TTI and linkage between fallback DCI and fallback data,
where the mB supports multiple RF chains. Since the mB may support multiple
Tx RF chains, the mB may simultaneously transmit multiple beams during
either the control region of the TTI, or the data region, or both. For example, in

FIG. 16, the mB may simultaneously transmit control channels on beams B1 and
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B3 during the first time resource of the fallback TTI, followed by control channel
on beams B2 and B3 during the second time resource of the fallback TTI, and so
on. The time-frequency resources may be used across different beams in a SDM
fashion. For this example, the mB may insert beam-specific reference signals
(BRS) in the appropriate time-frequency resources to enable correct reception by
the WTRU.

[0248] Uplink A/N feedback may be signaled by a WTRU that received
fallback DCI-B using an UL Tx wide beam that matches the DL. Rx beam that
the fallback DCI-B was received on (as an example, use the same steering vector).
[0249] The WTRU may transmit UL A/N feedback for the fallback data
that corresponds to the fallback DCI-Bs that the WTRU decoded. For example, if
in FIG. 15, the UE successfully decoded DCI-B transmitted on beams B2 and B3
in the fallback TTI, but it did not decode DCI-B transmitted on beam B1, it may
transmit UL A/N corresponding to the fallback data on Tx beam B2 in TTI4 and
UL A/N corresponding to the fallback data on Tx beam B3 in TTI5.

[0250] The timing of the UL A/N feedback may be derived by the WTRU
according to the duplexing mode that the system operates on. For example, if the
system operates in a TDD mode (including dynamic or enhanced TDD operation),
the UL A/N feedback for data received on Tx beam B2 in TTI4 may be
transmitted in the UL transmission opportunity that meets the HARQ timing
requirements. The mB may use the timing of the ACK transmitted by the WTRU,
to determine the DL Tx beam ID of the successful reception of fallback control
and data. Corresponding to that TTI, and in order to monitor for the UL A/N
transmission from the WTRU, the mB may configure the UL Rx beam to match
DL Tx beam B2.

[0251] The mB may continue transmitting fallback control (DCI-B) during
the configured fallback TTIs, until either it receives a positive ACK for the
current transport block, or a fallback timer expires.

[0252] If the WTRU correctly decodes a fallback DCI-B and its associated

fallback data on a beam that is different from the current active beam, the mB
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may issue a measurement request for that different beam, or the WTRU may
send a measurement report of the (preferred) different beam. If a measurement
(e.g., signal quality or strength) in the measurement report is above a threshold,
the mB may issue a beam switch command to the WTRU, while maintaining the
same transmission mode. In another solution, if the WTRU correctly decodes the
fallback data on only one of the fallback beams used for re-transmission, the mB
may directly issue a beam switch command to the WTRU for the ACK’ed beam,
and maintain the same transmission mode.

[0253] Fallback DCI using wide beam sweeping in the PDSCH region may
be provided in one or more embodiments. For example, FIG. 17 shows a diagram
of fallback DCI mapped to the data region, and linkage to fallback data, where
the mB supports one or more RF chains. Accordingly, the fallback TTIs may be
still be defined and assigned as described above, but within the fallback TTIs, the
fallback DCI (DCI-B) may be mapped to the data region. This approach may be
used for scenarios that require control channel congestion mitigation. To enable
the WTRU to decode the fallback DCI (DCI-B), the mapping between the
transmitted beam and the specific time-frequency resources may need to be
known by the WTRU. This mapping may be cell-specific or WTRU specific, and
may be signaled to the WTRU via broadcast signaling (MIB or SIB) or via RRC
signaling.

[0254] In the example illustrated in FIG. 17, the end of the data region
(and the start of the region that may be used for the fallback control channel)
may be indicated explicitly via signaling, implicitly to the WTRU, or may be pre-
defined. For single Tx RF chain mBs, the mB may sweep the fallback DCI (DCI-
B) on multiple beams in a TDM fashion, according to the beam to resource
mapping. In this case, the mB may apply beam-specific reference signals (BRS) to
the time-frequency resources used for each beam. In the fallback TTI (TTI2) of
FIG. 17, fallback DCI-B may be transmitted on Beam B2 during the data region
of the TTI. BRS specific to beam B2 may need to be inserted in the time-

frequency resources used for the DCI-B transmission with beam B2.
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Furthermore, BRS specific to beam B3 may need to be inserted in the time-
frequency resources used for the DCI-B transmission with beam B3.

[0255] The mB may transmit fallback DCI in that data region if it
determines the need to do so. If no WTRUs need fallback transmissions, the mB
may reuse the time-frequency resources to schedule regular data. The WTRUs
that may monitor for the fallback DCI during the fallback TTI may still attempt
to blind decode the fallback control channel, but may not successfully detect the
fallback control channel.

[0256] Referring now to FIG. 18, FIG. 18 shows a diagram illustrating
fallback DCI mapped to the data region using narrow beam transmission.
Accordingly, the fallback DCI may be transmitted in a narrow band within the
assigned time-frequency resources in the data region of the TTI. This may allow
the mB to use the rest of the frequency resource(s) for data transmission to the
WTRUSs operating in normal transmission mode. Mapping between the fallback
TTI & time resource within a TTI and the mB DL beam for fallback DCI
transmission may be done in a similar fashion as described above.

[0257] FIG. 19 shows a flow diagram utilizing a dual TB transmission
scheme, for example, as shown in FIG. 12, according to one or more
embodiments. While FIG. 12 may serve as an example of a dual TB transmission
scheme, process 1900 shown in FIG. 19 can be applied to any dual TB
transmission scheme.

[0258] The process 1900, implemented by a WTRU while operating in the
high frequency bands (e.g., above 6 GHz), includes receiving multiple signals in a
time transmission interval (T'TI) (operations 1905, 1910 and 1920). In particular,
the receiving of multiple signals includes receiving at least one control signal
(operation 1905) using a first beam associated with a first beam identifier (ID),
receiving a first data signal (operation 1910) using the first beam associated with
the first beam ID, and receiving a second data signal (operation 1920),
subsequent to the first data signal, using a second beam associated with a second

beam ID different from the first beam ID. At least one of the control signal(s)
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indicates the second beam ID. The process 1900 further includes switching a
receive beam of the WTRU from the first beam to the second beam based on the
second beam ID to receive the second data signal (operation 1915).

[0259] According to another embodiment, a method implemented by a
WTRU includes receiving, in a time transmission interval (T'TI), at least one
control signal, a first transport block and a second transport block. The at least
one control signal and the first transport block are received using a first beam,
and the second transport block is received using a second beam that has a beam
width that is more narrow than a beam width of the first beam. In addition, the
first transport block and the second transport block are multiplexed using time
division multiplexing such that the second transport block is received subsequent
to the first transport block. The method further includes switching a receive
beam of the WTRU from the first beam to the second beam, to receive the second
transport block, based on beam information associated with the second beam
received in one of the at least one control signal.

[0260] FIG. 20 shows a flow diagram utilizing a dual TB transmission
scheme, for example, as shown in FIG. 12, according to one or more
embodiments. While FIG. 12 may serve as an example of a dual TB transmission
scheme, the process shown in FIG. 20 can be applied to any dual TB transmission
scheme.

[0261] The process 2000, implemented by wireless communication device
(e.g., a base station, eNB, mB, or the like) while operating in the high frequency
bands (e.g., above 6 GHz), includes transmitting multiple signals in a time
transmission interval (TTI) (operations 2005, 2010 and 2020). In particular, the
transmitting of multiple signals includes transmitting at least one control signal
(operation 2005) using a first beam associated with a first beam identifier (ID),
transmitting a first data signal (operation 20910) using the first beam associated
with the first beam ID, and transmitting a second data signal (operation 2020),
subsequent to the first data signal, using a second beam associated with a second

beam ID different from the first beam ID. At least one of the control signal(s)
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indicates the second beam ID. The process 2000 further includes switching a
transmit beam of the wireless communication device from the first beam to the
second beam based on the second beam ID to transmit the second data signal
(operation 2015).

[0262] According to another embodiment, a method implemented by a
wireless communication device includes transmitting, in a time transmission
interval (TTI), at least one control signal, a first transport block and a second
transport block. The at least one control signal and the first transport block are
transmitted using a first beam, and the second transport block is transmitted
using a second beam that has a beam width that is more narrow than a beam
width of the first beam. In addition, the first transport block and the second
transport block are multiplexed using time division multiplexing such that the
second transport block is transmitted subsequent to the first transport block. The
method further includes switching a transmit beam of the wireless
communication from the first beam to the second beam, to transmit the second
transport block, based on beam information associated with the second beam
transmitted in one of the at least one control signal.

[0263] Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that each feature or
element can be used alone or in any combination with the other features and
elements. In addition, the methods described herein may be implemented in a
computer program, software, or firmware incorporated in a computer-readable
medium for execution by a computer or processor. Examples of computer-
readable media include electronic signals (transmitted over wired or wireless
connections) and computer-readable storage media. Examples of computer-
readable storage media include, but are not limited to, a read only memory
(ROM), a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs). A processor in association with software
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may be used to implement a radio frequency transceiver for use in a WTRU, UE,

terminal, base station, RNC, or any host computer.

* * *
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CLAIMS

What is claimed 1is:

1. A wireless transmit/receive unit (WTRU) configured to perform
wireless communications in higher frequency bands using a fallback scheme,
comprising:

a receiver configured to receive, in a time transmission interval (TTI), at
least one control signal and a first data signal using a first beam associated with
a first beam identifier (ID) and a second data signal, subsequent to the first data
signal, using a second beam associated with a second beam ID different from the
first beam ID, wherein one of the at least one control signal indicates the second
beam ID; and

a processor configured to switch a receive beam of the receiver from the
first beam to the second beam based on the second beam ID to receive the second

data signal.

2. The WTRU of claim 1, wherein the first data signal is carried in a
first transport block in the TTI and the second data signal is carried in a second

transport block in the TTI.

3. The WTRU of claim 2, wherein the first transport block uses a lower

modulation and coding scheme value than the second transport block.

4. The WTRU of claim 2, wherein the first transport block and the
second transport block are multiplexed using time division multiplexing such
that the second transport block is received subsequent to the first transport

block.
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5. The WTRU of claim 4, wherein the receiver is configured to receive
the at least one control signal in a control region of the TTI that precedes the first

and the second transport blocks.

6. The WTRU of claim 1, wherein the one of the at least one control
signal includes downlink control information (DCI) that indicates the second

beam ID.

7. The WTRU of claim 1, wherein the second beam is a subset of the
first beam such that a beam width of the second beam is more narrow than a

beam width of the first beam.

8. The WTRU of claim 1, wherein first data received in the first data

signal is a subset of second data received in the second data signal.

9. The WTRU of claim 8, wherein the processor is configured to decode

the second data using the received first data.

10. The WTRU of claim 1, wherein the at least one control signal
includes a first control signal associated with the first data signal and a second
control signal associated with the second data signal, wherein first control signal
includes control information that indicates the first beam ID and the second

control signal includes control information that indicates the second beam ID.

11. A method implemented by a wireless transmit/receive unit (WTRU)
configured to perform wireless communications in higher frequency bands using
a fallback scheme, the method comprising:

receiving, in a time transmission interval (T'TI), at least one control signal
and a first data signal using a first beam associated with a first beam identifier

(ID) and a second data signal, subsequent to the first data signal, using a second
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beam associated with a second beam ID different from the first beam ID, wherein
one of the at least one control signal indicates the second beam ID; and
switching a receive beam of the WTRU from the first beam to the second

beam based on the second beam ID to receive the second data signal.

12.  The method of claim 11, wherein the first data signal is carried in a
first transport block in the TTI and the second data signal is carried in a second

transport block in the TTI.

13. The method of claim 12, wherein the first transport block uses a

lower modulation and coding scheme value than the second transport block.

14. The method of claim 12, wherein the first transport block and the
second transport block are multiplexed using time division multiplexing such

that the second transport block is received subsequent to the first transport

block.

15. The method of claim 14, further comprising:
receiving the at least one control signal in a control region of the TTI that

precedes the first and the second transport blocks.

16. The method of claim 11, wherein the one of the at least one control
signal includes downlink control information (DCI) that indicates the second

beam ID.

17. The method of claim 11, wherein the second beam is a subset of the
first beam such that a beam width of the second beam is more narrow than a

beam width of the first beam.
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18. The method of claim 11, wherein first data received in the first data

signal is a subset of second data received in the second data signal.

19. The method of claim 18, further comprising:

decoding the second data using the received first data.

20. The method of claim 11, wherein the at least one control signal
includes a first control signal associated with the first data signal and a second
control signal associated with the second data signal, wherein first control signal
includes control information that indicates the first beam ID and the second

control signal includes control information that indicates the second beam ID.

21. A wireless transmit/receive unit (WTRU) configured to perform
wireless communications in higher frequency bands using a fallback scheme,
comprising:

a receiver configured to receive, in a time transmission interval (TTI), at
least one control signal, a first transport block and a second transport block,
wherein the at least one control signal and the first transport block are received
using a first beam, and the second transport block is received using a second
beam that has a beam width that is more narrow than a beam width of the first
beam, and wherein the first transport block and the second transport block are
multiplexed using time division multiplexing such that the second transport
block is received subsequent to the first transport block; and

a processor configured to switch a receive beam of the WTRU from the first
beam to the second beam, to receive the second transport block, based on beam
information associated with the second beam received in one of the at least one

control signal.
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AMENDED CLAIMS
received by the International Bureau on 15 March 2017 (15.03.2017)

CLAIMS

What is claimed 1is:

1. A wireless transmit/receive unit (WTRU) configured to perform
wireless communications, comprising:

a receiver configured to receive, in a time transmission interval (TTI), at
least one control signal and a first data signal using a first beam associated with
a first beam identifier ID) and a second data signal, subsequent to the first data
signal, using a second beam associated with a second beam ID different from the
first beam ID, wherein one of the at least one control signal indicates the second
beam ID; and _

a processor configured to switch a receive beam of the receiver from the
first beam to the second beam based on the second beam ID to receive the second

data signal.

2. The WTRU of claim 1, wherein the first data signal is carried in a
first transport block in the TTI and the second data signal is carried in a second

transport block in the TTI.

3. The WTRU of claim 2, wherein the first transport block uses a lower

modulation and coding scheme value than the second transport block.

4, The WTRU of claim 2, wherein the first transport block and the
second transport block are multiplexed using time division multiplexing such
that the second transport block is received subsequent to the first transport
block.

5. The WTRU of claim 4, wherein the receiver is configured to receive

the at least one control signal in a control region of the TTI that precedes the

first and the second transport blocks.
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6. The WTRU of claim 1, wherein the one of the at least one control
signal includes downlink control information (DCI) that indicates the second
beam ID.

7. The WTRU of claim 1, wherein the second beam is a subset of the
first beam such that a beam width of the second beam is more narrow than a

beam width of the first beam.

8. The WTRU of claim 1, wherein first data received in the first data

signal is a subset of second data received in the second data signal.

9. The WTRU of claim 8, wherein the processor is configured to decode

the second data using the received first data.

10. The WTRU of claim 1, wherein the at least one control signal
includes a first control signal associated with the first data signal and a second
control signal associated with the second data signal, wherein first control signal
includes control information that indicates the first beam ID and the second

control signal includes control information that indicates the second beam ID.

11. A method implemented by a wireless transmit/receive unit (WTRU)
configured to perform wireless, the method comprising: |

receiving, in a time transmission interval (TTI), at least one control signal
and a first data signal using a first beam associated with a first beam identifier
(ID) and a second data signal, subsequent to the first data signal, using a second
beam associated with a second beam ID different from the first beam ID,
wherein one of the at least one control signal indicates the second beam ID; and

switching a receive beam of the WTRU from the first beam to the second

beam based on the second beam ID to receive the second data signal.
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12. The method of claim 11, wherein the first data signal is carried in a
first transport block in the TTI and the second data signal is carried in a second

transport block in the TTI.

13. The method of claim 12, wherein the first transport block uses a

lower modulation and coding scheme value than the second transport block.

14. The method of claim 12, wherein the first transport block and the
second transport block are multiplexed using time division multiplexing such
that the second transport block is received subsequent to the first transport

block.

15. The method of claim 14, further comprising:
receiving the at least one control signal in a control region of the TTI that

precedes the first and the second transport blocks.

16. The method of claim 11, wherein the one of the at least one control
signal includes downlink control information (DCI) that indicates the second
beam ID. '

17. The method of claim 11, wherein the second beam is a subset of the
first beam such that a beam width of the second beam is more narrow than a

beam width of the first beam.

18. The method of claim 11, wherein first data received in the first data

signal is a subset of second data received in the second data signal.

19. The method of claim 18, further comprising:

decoding the second data usixig the received first data.

20. The method of claim 11, wherein the at least one control signal

includes a first control signal associated with the first data signal and a second
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control signal associated with the second data signal, wherein first control signal
includes control information that indicates the first beam ID and the second

control signal includes control information that indicates the second beam ID.
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