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METHOD FOR CHANNEL STATE INFORMATION REPORTING
IN MASSIVE ANTENNA SYSTEM
BACKGROUND

[0001] Multiple antenna techniques have been designed and developed based on a single panel
based antenna configuration. For example, MIMO transmission schemes (e.g., SU-MIMO, MU-
MIMO, transmit diversity, open-loop MIMO, and closed-loop MIMO) and its associated channel
state information (CSI) feedback have been designed based on the single panel based antenna

model.

[0002] Massive antenna models include multiple panels. Timing and phase may not be
synchronized across panels. As a result, there is a need for multiple antenna techniques that address

issues that arise in the context of a massive antenna model using multiple panels.

[0003] Precoding is a generalization of beamforming to support multi-stream (or multi-layer)
transmission in multi-antenna wireless communications. In conventional single-stream
beamforming, the same signal is emitted from each of the transmit antennas with appropriate
weighting (phase and gain) such that the signal power is maximized at the receiver output. When
the receiver has multiple antennas, single-stream beamforming cannot simultaneously maximize
the signal level at all of the receive antennas. In order to maximize the throughput in multiple

receive antenna systems, multi-stream transmission is generally required.

[0004] In point-to-point systems, precoding means that multiple data streams are emitted from
the transmit antennas with independent and appropriate weightings such that the link throughput
is maximized at the receiver output. In multi-user MIMO, the data streams are intended for
different users (known as SDMA) and some measure of the total throughput (e.g., the sum
performance or max-min fairness) is maximized. In point-to-point systems, some of the benefits
of precoding can be realized without requiring channel state information at the transmitter, while
such information is essential to handle the inter-user interference in multi-user systems. Precoding
in the downlink of cellular networks, known as network MIMO or coordinated multipoint (CoMP),
is a generalized form of multi-user MIMO that can be analyzed by the same mathematical

techniques.
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SUMMARY

[0005] Embodiments described herein provide systems and methods for reference signal
configuration for multiple panels with panel-specific channel state information reference signals
(CSI-RS) configurations and quasi-collocation (QCL) indication, including QCL type definition

and indication for panel-specific CSI-RS configurations.

[0006] Exemplary embodiments further provide multi-component precoder structure with
panel specific component precoder and panel common precoder. Embodiments include: (semi)-
open-loop schemes using random precoding for panel common precoder and/or panel specific
precoder; panel selection/restriction with panel common precoder; MU-MIMO operation using

different set of panels; and panel-wise CSI reporting.

[0007] Exemplary embodiments provide a hybrid analog and digital precoder for multiple

panel based antenna configurations.
[0008] Exemplary uplink (UL) feedback channels for panel selection indication are described.

[0009] Exemplary embodiments further provide a multi-panel codebook with panel-specific
PMI reporting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] A more detailed understanding may be had from the following description, presented
by way of example in conjunction with the accompanying drawings.

[0011] FIG. 1A depicts an example communications system in which one or more disclosed

embodiments may be implemented.

[0012] FIG. 1B depicts an example wireless transmit/receive unit (WTRU) that may be used

within the communications system of FIG. 1A.

[0013] FIG. 1C depicts an example radio access network (RAN) and an example core network

that may be used within the communications system of FIG. 1A.

[0014] FIG. 1D depicts a second example RAN and a second example core network that may

be used within the communications system of FIG. 1A.

[0015] FIG. 1E depicts a third example RAN and a third example core network that may be

used within the communications system of FIG. 1A.

[0016] FIG. 1F depicts an example network entity that may be used within the communication

system of FIG. 1A.
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[0017] FIG. 2 is a schematic illustration of an antenna model for a transmit-receive point

(TRP) and a wireless transmit/receive unit (WTRU).

[0018] FIG. 3 is a schematic illustration of a composite precoder (W) and panel-specific

precoder (W},) according to an embodiment.

[0019] FIG. 4 is a schematic illustration of an example of panel-specific CSI-RS configuration.

[0020] FIG. 5 is a schematic illustration of an example of beam measurement reference signal

transmission.

[0021] FIG. 6 is a schematic illustration of an example of antenna selection with similar choice

of element per panel.

[0022] FIG. 7 is a schematic illustration of an example of antenna selection with similar choice

of element per panel.
[0023] FIG. 8 illustrates an exemplary two-stage feedback process.

[0024] FIG. 9 illustrates an example of uplink control multiplex with UL-SCH on PUSCH

including panel indicator.

[0025] FIG. 10 illustrates another example of uplink control multiplex with UL-SCH on
PUSCH including panel indicator.

[0026] FIG. 11 illustrates another example of uplink control multiplex with UL-SCH on
PUSCH including implicit panel indicator.

[0027] FIG. 12 is a flowchart of a method of using measurement reference signals (RS) to

receive data.

[0028] FIG. 13 is a flowchart of a method of configuring a transmitter and/or antenna system
based on feedback from a WTRU.

DETAILED DESCRIPTION

[0029] A detailed description of illustrative embodiments will now be provided with reference
to the various Figures. Although this description provides detailed examples of possible
implementations, it should be noted that the provided details are intended to be by way of example

and in no way limit the scope of the application.

[0030] Note that various hardware elements of one or more of the described embodiments are

referred to as “modules” that carry out (i.e., perform, execute, and the like) various functions that

3-
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are described herein in connection with the respective modules. As used herein, a module includes
hardware (e.g., one or more processors, one Or MmOre mMmiCroprocessors, one Or more
microcontrollers, one or more microchips, one or more application-specific integrated circuits
(ASICs), one or more field programmable gate arrays (FPGAs), one or more memory devices)
deemed suitable by those of skill in the relevant art for a given implementation. Each described
module may also include instructions executable for carrying out the one or more functions
described as being carried out by the respective module, and it is noted that those instructions
could take the form of or include hardware (i.e., hardwired) instructions, firmware instructions,
software instructions, and/or the like, and may be stored in any suitable non-transitory computer-

readable medium or media, such as commonly referred to as RAM, ROM, etc.

Network Architecture.

[0031] The systems and methods disclosed herein may be used with the wireless
communication systems described with respect to FIGS. 1A-1F. As an initial matter, these wireless
systems will be described. 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, and the like, 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.

[0032] As shown in FIG. 1A, the communications system 100 may include WTRUs 102a,
102b, 102c, and/or 102d (which generally or collectively may be referred to as WTRU 102), a
RAN 103/104/105, a core network 106/107/109, 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, 102¢, 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, 102¢, 102d may be configured to transmit and/or receive wireless signals and may include
wireless transmit/receive unit (WTRU), 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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[0033] 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, 102¢, 102d to facilitate access to
one or more communication networks, such as the core network 106/107/109, the Internet 110,
and/or the 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.

[0034] The base station 114a may be part of the RAN 103/104/105, 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, and the like. 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 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.

[0035] The base stations 114a, 114b may communicate with one or more of the WTRUs 102a,
102b, 102c¢, 102d over an air interface 115/116/117, which may be any suitable wireless
communication link (e.g., radio frequency (RF), microwave, infrared (IR), ultraviolet (UV), visible
light, and the like). The air interface 115/116/117 may be established using any suitable radio
access technology (RAT).

[0036] More specifically, as noted above, the communications system 100 may be a multiple
access system and may employ one or more channel-access schemes, such as CDMA, TDMA,
FDMA, OFDMA, SC-FDMA, and the like. For example, the base station 114a in the RAN
103/104/105 and the WTRUs 102a, 102b, 102¢ may implement a radio technology such as
Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access (UTRA), which
may establish the air interface 115/116/117 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).
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[0037] In another embodiment, the base station 114a and the WTRUs 102a, 102b, 102¢ may

implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E UTRA), which
may establish the air interface 115/116/117 using Long Term Evolution (LTE) and/or LTE
Advanced (LTE A).

[0038] In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102¢ may
implement radio technologies such as IEEE 802.16 (i.e, Worldwide Interoperability for
Microwave Access (WiMAX)), CDMA2000, 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.

[0039] The base station 114b in FIG. 1A may be a wireless router, Home Node B, Home eNode
B, or access point, as examples, 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 WTRUSs 102¢, 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 WTRUSs 102¢, 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, and the like) to establish a picocell or
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

106/107/109.

[0040] The RAN 103/104/105 may be in communication with the core network 106/107/109,
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 WTRUs 102a, 102b, 102¢, 102d. As
examples, the core network 106/107/109 may provide call control, billing services, mobile
location-based services, pre-paid calling, Internet connectivity, video distribution, and the like,
and/or perform high-level security functions, such as user authentication. Although not shown in
FIG. 1A, it will be appreciated that the RAN 103/104/105 and/or the core network 106/107/109
may be in direct or indirect communication with other RANs that employ the same RAT as the
RAN 103/104/105 or a different RAT. For example, in addition to being connected to the RAN
103/104/105, which may be utilizing an E-UTRA radio technology, the core network 106/107/109
may also be in communication with another RAN (not shown) employing a GSM radio
technology.
-6-
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[0041] The core network 106/107/109 may also serve as a gateway for the WTRUSs 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 IP in the TCP/IP Internet protocol suite. The networks 112 may
include wired and/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 RANs, which may employ the same RAT as the RAN 103/104/105 or a different RAT.

[0042] Some or all 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 communicating with different wireless networks over different wireless
links. For example, the WTRU 102¢ 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.

[0043] 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, a non-removable memory 130, a
removable memory 132, a power source 134, a global positioning system (GPS) chipset 136, and
other peripherals 138. The transceiver 120 may be implemented as a component of decoder logic
119. For example, the transceiver 120 and decoder logic 119 can be implemented on a single LTE
or LTE-A chip. The decoder logic may include a processor operative to perform instructions stored
in a non-transitory computer-readable medium. As an alternative, or in addition, the decoder logic

may be implemented using custom and/or programmable digital logic circuitry.

[0044] It will be appreciated that the WTRU 102 may include any sub-combination of the
foregoing elements while remaining consistent with an embodiment. Also, embodiments
contemplate that the base stations 114a and 114b, and/or the nodes that base stations 114a and
114b may represent, such as but not limited to transceiver station (BTS), a Node-B, a site
controller, an access point (AP), a home node-B, an evolved home node-B (eNodeB), a home
evolved node-B (HeNB), a home evolved node-B gateway, and proxy nodes, among others, may

include some or all of the elements depicted in FIG. 1B and described herein.

[0045] 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
-7-
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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.

[0046] 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 115/116/117. 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, as
examples. 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.

[0047] 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 115/116/117.

[0048] 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, as examples.

[0049] 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 (LCD) display unit or organic light-emitting diode (OLED) display unit).
The processor 118 may also 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
-8-
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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).

[0050] 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 WTRU 102. The
power source 134 may be any suitable device for powering the WTRU 102. As examples, the
power source 134 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd), nickel-
zinc (NiZn), nickel metal hydride (NiIMH), lithium-ion (Li-ion), and the like), solar cells, fuel cells,
and the like.

[0051] 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 115/116/117 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.

[0052] 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 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.

[0053] FIG. 1C is a system diagram of the RAN 103 and the core network 106 according to
an embodiment. As noted above, the RAN 103 may employ a UTRA radio technology to
communicate with the WTRUs 102a, 102b, 102¢ over the air interface 115. The RAN 103 may
also be in communication with the core network 106. As shown in FIG. 1C, the RAN 103 may
include Node-Bs 140a, 140b, 140c, which may each include one or more transceivers for
communicating with the WTRUs 102a, 102b, 102¢ over the air interface 115. The Node-Bs 140a,
140b, 140c may each be associated with a particular cell (not shown) within the RAN 103. The
RAN 103 may also include RNCs 142a, 142b. It will be appreciated that the RAN 103 may include

any number of Node-Bs and RNCs while remaining consistent with an embodiment.
9-
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[0054] As shown in FIG. 1C, the Node-Bs 140a, 140b may be in communication with the RNC

142a. Additionally, the Node-B 140c may be in communication with the RNC 142b. The Node-
Bs 140a, 140b, 140c may communicate with the respective RNCs 142a, 142b via an Tub interface.
The RNCs 142a, 142b may be in communication with one another via an Iur interface. Each of the
RNCs 142a, 142b may be configured to control the respective Node-Bs 140a, 140b, 140c to which
itis connected. In addition, each of the RNCs 142a, 142b may be configured to carry out or support
other functionality, such as outer-loop power control, load control, admission control, packet

scheduling, handover control, macrodiversity, security functions, data encryption, and the like.

[0055] The core network 106 shown in FIG. 1C may include a media gateway (MGW) 144, a
mobile switching center (MSC) 146, a serving GPRS support node (SGSN) 148, and/or a gateway
GPRS support node (GGSN) 150. 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.

[0056] The RNC 142a in the RAN 103 may be connected to the MSC 146 in the core network
106 via an IuCS interface. The MSC 146 may be connected to the MGW 144. The MSC 146 and
the MGW 144 may provide the WTRUs 102a, 102b, 102¢c with access to circuit-switched
networks, such as the PSTN 108, to facilitate communications between the WTRUs 102a, 102b,

102¢ and traditional landline communications devices.

[0057] The RNC 142a in the RAN 103 may also be connected to the SGSN 148 in the core
network 106 via an [uPS interface. The SGSN 148 may be connected to the GGSN 150. The SGSN
148 and the GGSN 150 may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched
networks, such as the Internet 110, to facilitate communications between the WTRUs 102a, 102b,

102¢ and IP-enabled devices.

[0058] As noted above, the core network 106 may also be connected to the networks 112,
which may include other wired and/or wireless networks that are owned and/or operated by other

service providers.

[0059] FIG. 1D is a system diagram of the RAN 104 and the core network 107 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 107.

[0060] The RAN 104 may include eNode Bs 160a, 160b, 160c, 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 160a, 160b, 160c may each include one or more transceivers for
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communicating with the WTRUs 102a, 102b, 102¢ over the air interface 116. In one embodiment,

the eNode Bs 160a, 160b, 160c may implement MIMO technology. Thus, the eNode B 160a, for
example, may use multiple antennas to transmit wireless signals to, and receive wireless signals

from, the WTRU 102a.

[0061] Each of the eNode Bs 160a, 160b, 160c 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. 1D,

the eNode Bs 160a, 160b, 160¢c may communicate with one another over an X2 interface.

[0062] The core network 107 shown in FIG. 1D may include a mobility management entity
(MME) 162, a serving gateway 164, and a packet data network (PDN) gateway 166. While each
of the foregoing elements are depicted as part of the core network 107, 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.

[0063] The MME 162 may be connected to each of the eNode Bs 160a, 160b, 160¢ in the RAN
104 via an S1 interface and may serve as a control node. For example, the MME 162 may be
responsible for authenticating wusers of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, selecting a particular serving gateway during an initial attach of the
WTRUs 102a, 102b, 102¢, and the like. The MME 162 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.

[0064] The serving gateway 164 may be connected to each of the eNode Bs 160a, 160b, 160c
in the RAN 104 via the S1 interface. The serving gateway 164 may generally route and forward
user data packets to/from the WTRUs 102a, 102b, 102c. The serving gateway 164 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¢, managing and storing
contexts of the WTRUs 102a, 102b, 102¢, and the like.

[0065] The serving gateway 164 may also be connected to the PDN gateway 166, 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.

[0066] The core network 107 may facilitate communications with other networks. For
example, the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access to circuit-
switched networks, such as the PSTN 108, to facilitate communications between the WTRUs 102a,
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102b, 102¢ and traditional landline communications devices. For example, the core network 107
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 107 and the PSTN 108. In addition,
the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access to the networks 112,
which may include other wired and/or wireless networks that are owned and/or operated by other

service providers.

[0067] FIG. 1E is a system diagram of the RAN 105 and the core network 109 according to an
embodiment. The RAN 105 may be an access service network (ASN) that employs IEEE 802.16
radio technology to communicate with the WTRUs 102a, 102b, 102¢ over the air interface 117.
As will be further discussed below, the communication links between the different functional
entities of the WTRUs 102a, 102b, 102¢c, the RAN 105, and the core network 109 may be defined

as reference points.

[0068] As shown in FIG. 1E, the RAN 105 may include base stations 180a, 180b, 180c, and
an ASN gateway 182, though it will be appreciated that the RAN 105 may include any number of
base stations and ASN gateways while remaining consistent with an embodiment. The base
stations 180a, 180b, 180c may each be associated with a particular cell (not shown) in the RAN
105 and may each include one or more transceivers for communicating with the WTRUs 102a,
102b, 102¢ over the air interface 117. In one embodiment, the base stations 180a, 180b, 180c may
implement MIMO technology. Thus, the base station 180a, for example, may use multiple
antennas to transmit wireless signals to, and receive wireless signals from, the WTRU 102a. The
base stations 180a, 180b, 180c may also provide mobility-management functions, such as handoff
triggering, tunnel establishment, radio-resource management, traffic classification, quality-of-
service (QoS) policy enforcement, and the like. The ASN gateway 182 may serve as a traffic
aggregation point and may be responsible for paging, caching of subscriber profiles, routing to the

core network 109, and the like.

[0069] The air interface 117 between the WTRUs 102a, 102b, 102¢ and the RAN 105 may be
defined as an R1 reference point that implements the IEEE 802.16 specification. In addition, each
of the WTRUs 102a, 102b, 102¢c may establish a logical interface (not shown) with the core
network 109. The logical interface between the WTRUs 102a, 102b, 102¢ and the core network
109 may be defined as an R2 reference point (not shown), which may be used for authentication,

authorization, IP-host-configuration management, and/or mobility management.

[0070] The communication link between each of the base stations 180a, 180b, 180¢ may be
defined as an R8 reference point that includes protocols for facilitating WTRU handovers and the

transfer of data between base stations. The communication link between the base stations 180a,
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180b, 180c and the ASN gateway 182 may be defined as an R6 reference point. The R6 reference

point may include protocols for facilitating mobility management based on mobility events

associated with each of the WTRUs 102a, 102b, 102c.

[0071] As shown in FIG. 1E, the RAN 105 may be connected to the core network 109. The
communication link between the RAN 105 and the core network 109 may defined as an R3
reference point that includes protocols for facilitating data transfer and mobility-management
capabilities, as examples. The core network 109 may include a mobile-IP home agent (MIP-HA)
184, an authentication, authorization, accounting (AAA) server 186, and a gateway 188. While
each of the foregoing elements are depicted as part of the core network 109, 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.

[0072] The MIP-HA 184 may be responsible for [P-address management, and may enable the
WTRUs 102a, 102b, 102¢ to roam between different ASNs and/or different core networks. The
MIP-HA 184 may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched networks,
such as the Internet 110, to facilitate communications between the WTRUs 102a, 102b, 102¢ and
IP-enabled devices. The AAA server 186 may be responsible for user authentication and for
supporting user services. The gateway 188 may facilitate interworking with other networks. For
example, the gateway 188 may provide the WTRUs 102a, 102b, 102¢ with access to circuit-
switched networks, such as the PSTN 108, to facilitate communications between the WTRUs 102a,
102b, 102¢ and traditional landline communications devices. In addition, the gateway 188 may
provide the WTRUs 102a, 102b, 102¢ with access to the networks 112, which may include other

wired and/or wireless networks that are owned and/or operated by other service providers.

[0073] Although not shown in FIG. 1E, it will be appreciated that the RAN 105 may be
connected to other ASNs and the core network 109 may be connected to other core networks. The
communication link between the RAN 105 the other ASNs may be defined as an R4 reference
point (not shown), which may include protocols for coordinating the mobility of the WTRUs 102a,
102b, 102c between the RAN 105 and the other ASNs. The communication link between the core
network 109 and the other core networks may be defined as an RS reference point (not shown),
which may include protocols for facilitating interworking between home core networks and visited

core networks.

[0074] FIG. 1F depicts an example network entity 190 that may be used within the
communication system 100 of FIG. 1A. As depicted in FIG. 1F, network entity 190 includes a
communication interface 192, a processor 194, and non-transitory data storage 196, all of which

are communicatively linked by a bus, network, or other communication path 198.
13-
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[0075] Communication interface 192 may include one or more wired communication
interfaces and/or one or more wireless-communication interfaces. With respect to wired
communication, communication interface 192 may include one or more interfaces such as Ethernet
interfaces, as an example. With respect to wireless communication, communication interface 192
may include components such as one or more antennae, one or more transceivers/chipsets designed
and configured for one or more types of wireless (e.g., LTE) communication, and/or any other
components deemed suitable by those of skill in the relevant art. And further with respect to
wireless communication, communication interface 192 may be equipped at a scale and with a
configuration appropriate for acting on the network side—as opposed to the client side—of
wireless communications (e.g., LTE communications, Wi Fi communications, and the like). Thus,
communication interface 192 may include the appropriate equipment and circuitry (perhaps
including multiple transceivers) for serving multiple mobile stations, WTRUs, or other access

terminals in a coverage area.

[0076] Processor 194 may include one or more processors of any type deemed suitable by
those of skill in the relevant art, some examples including a general-purpose microprocessor and

a dedicated DSP.

[0077] Data storage 196 may take the form of any non-transitory computer-readable medium
or combination of such media, some examples including flash memory, read-only memory
(ROM), and random-access memory (RAM) to name but a few, as any one or more types of non-
transitory data storage deemed suitable by those of skill in the relevant art could be used. As
depicted in FIG. 1F, data storage 196 contains program instructions 197 executable by processor
194 for carrying out various combinations of the various network-entity functions described

herein.

[0078] In some embodiments, the network-entity functions described herein are carried out by
a network entity having a structure similar to that of network entity 190 of FIG. 1F. In some
embodiments, one or more of such functions are carried out by a set of multiple network entities
in combination, where each network entity has a structure similar to that of network entity 190 of
FIG. 1F. In various different embodiments, network entity 190 is—or at least includes—one or
more of (one or more entities in) RAN 103, (one or more entities in) RAN 104, (one or more
entities in) RAN 105, (one or more entities in) core network 106, (one or more entities in) core
network 107, (one or more entities in) core network 109, base station 114a, base station 114b,
Node B 140a, Node B 140b, Node B 140c, RNC 142a, RNC 142b, MGW 144, MSC 146, SGSN
148, GGSN 150, eNode B 160a, eNode B 160b, eNode B 160c, MME 162, serving gateway 164,
PDN gateway 166, base station 180a, base station 180b, base station 180c, ASN gateway 182, MIP
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HA 184, AAA 186, and gateway 188. And certainly other network entities and/or combinations of

network entities could be used in various embodiments for carrying out the network-entity
functions described herein, as the foregoing list is provided by way of example and not by way of

limitation.
Codebook structure for single-panel antenna configuration.

[0079] In some scenarios, a codebook structure with Wp = W, W, for a single panel antenna

configuration may be used, wherein W, may be a panel-specific precoder; W; and W, are

X,®X, 0

component precoders. In some cases, W; = < 0 X, ®X ), where X; is a N; XL, matrix with
194>

L; column vectors being an 0O; oversampled DFT vector of length N;: v, =

j2ml jere(N,-1)IqT . . . .
[1 eﬁ e%] , and X, is a N,XL, matrix with L, column vectors being an O,

joml Jjerm(No—1)1

T
oversampled DFT vector of length N,: v, = [1 oN207 o N207 ] . N; and N, are the

numbers of antenna ports per pol in the first and second dimension (e.g., vertical and horizontal

. . 51 .
dimension). In some cases, W, = [ as ], where s; and s, may be a column selection vector and a
2

11 10 0
may be a co-phasing element, with, for example, s; € [0],[1],,[0] and s, €
ol Lo 1

iR

Massive Antenna Model.

[0080] FIG. 2 depicts a massive antenna model 200 that includes multiple antenna panels 202,
which may be configured as Mg antenna panels per vertical dimension and Ng antenna panels per
horizontal dimension. Each antenna panel 202 may be configured with N columns and M rows of
antenna elements, or radiation elements, with or without polarization, as illustrated at 204 in FIG.
2. The timing and phase may or may not be calibrated across panels, although multiple panels may

be equipped in the same eNB.

[0081] The baseline massive antenna configuration may be different according to the operating

frequency band as listed in Table 1.
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Table 1. Baseline massive antenna configuration for dense urban and urban macro.

At 4GHz

At 30GHz

At 70GHz

Dense urban and urban macro:
(MINIPIMgINg) = (818121111)1
(dv,dH) = (0.8, 0.5)A

Dense urban and urban macro:
(MINIPIMgINg) = (418121212)1
(dv,dn) = (0.5, 0.5)A, (dgv,dgH) =

Dense urban:
Baseline: (M,N,P,Mg,Ng) =
(8,16,2,2,2), (dv,dn) = (0.5, 0.5)A,

(2.0, 4.0)A (dgv,dgn) = (4.0, 8.0) A
= Asingle panel = 4 panels = 4 panels
= 64 elements per Pol. = 32 elements per Pol. = 128 elements per Pol.
=  Total 128 elements =  Total 256 elements =  Total 1024 elements

[0082] Multiple antenna techniques have been designed and developed based on a single panel
based antenna configuration. For example, MIMO transmission schemes (e.g., SU-MIMO, MU-
MIMO, transmit diversity, open-loop MIMO, and closed-loop MIMO) and its associated CSI

feedback have been designed based on the single panel based antenna model.

[0083] Since massive antenna models include multiple panels, and timing and phase may not
be synchronized across panels, the multiple antenna techniques may benefit from improvement

based on massive antenna models using multiple panels.

Overview of Exemplary Embodiments.

[0084] A multi-component precoder structure may be used to design multi-antenna techniques
for a massive antenna configuration. For example, a precoder may be used for a massive antenna
configuration which may use one or more panels. A precoder which is designed, used, and/or
reported for a massive antenna configuration with one or more panels may be referred to as a
composite precoder (e.g., W.). A component precoder which is designed, used, and/or reported for

a certain panel within one or more panels for massive antenna configuration may be referred to as

a panel-specific precoder (e.g., Wp).

[0085] FIG. 3 depicts an example composite precoder 302 and panel-specific precoder Wy 304

used for a massive antenna configuration.

[0086] The composite precoder 302 may be determined, generated, or constructed as a
function of one or more panel-specific precoders and an extension matrix (I/,;), wherein the term
extension matrix may be interchangeably used with panel selection vector/matrix, panel co-
phasing vector/matrix, and panel selection precoder, or panel co-phasing precoder, without

departing from the scope of the present disclosure.

[0087] The panel-specific precoder W, 304 may have component precoders W; and W;. In

some embodiments, W; may be a component precoder for a wideband beam group reporting. For
example, a group of beams may be reported in a wideband manner, wherein the group of beams

may be based on oversampled DFT beams for vertical and horizontal antenna ports. In some
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embodiments, W, may be a component precoder for a subband beam selection and co-phasing of

polarized antenna ports.

Determination of composite precoder function.

[0088] A function f(W,,W,) to determine or construct a composite precoder may be

configured, used, determined, predetermined, or selected based on at least one of following.

[0089] In some embodiments, f(W;, W,) is determined based on the transmission scheme
used, configured, or determined. For example, a first function (e.g., panel-selection) may be used
for a first transmission scheme (e.g., transmit diversity) and a second function (e.g., panel co-

phasing) may be used for a second transmission scheme (e.g., beamforming)

[0090] In some embodiments, f(W;,, W,,) is determined based on the MIMO mode of operation
used, configured, or determined. For example, a first function (e.g., panel-selection) may be used
for a first MIMO operation mode (e.g., MU-MIMO operation mode) and a second function (e.g.,
panel co-phasing) may be used for a second MIMO operation mode (e.g., SU-MIMO operation
mode). The MIMO operation mode may include at least one of but not limited to MU-MIMO, SU-
MIMO, Open-loop MIMO, Closed-loop MIMO, and CoMP.

[0091] In some embodiments, f(W,, W,) is determined based on the operating frequency
band. For example, a first function may be used for a first operating frequency band (e.g., below

6GHz) and a second function may be used for a second operating frequency band (e.g., above

6GHz).

[0092] In some embodiments, f(W,, W,) is determined based on the number of panels
configured, used, or determined in a massive antenna configuration. The function may be

determined based on Mg and Ng parameters.

Panel configuration for reference signals.
[0093] In exemplary embodiments, a panel may be configured, determined, defined, or used
for transmission of a reference signal. For example, a first panel may be configured as a first CSI-

RS configuration and a second panel may be configured as a second CSI-RS configuration.

[0094] The CSI-RS configuration may include at least one of following: (i) One or more of
CSI-RS reuse patterns, where a CSI-RS reuse pattern may be time/frequency locations of CSI-RS
ports within a certain time window (e.g., subframe or TTI); (i1) Transmission power of the CSI-
RS; (ii1) Non-zero-power or zero power; and/or (iv) Duty cycle and/or timing offset of one or more

of CSI-RS reuse patterns.
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[0095] A CSI-RS configuration associated with a panel may be defined as Class-A CSI-RS

(e.g., non-precoded CSI-RS) or Class-B CSI-RS (e.g., beamformed CSI-RS). Class-A or Class-B

CSI-RS may be associated with a 2D antenna array within a panel.

[0096] A panel may be configured, determined, defined, or used as a cell (or sector). For
example, each panel may be associated with a physical or virtual cell-ID. The associated cell-ID

may be used to scramble an associated reference signal (e.g., CSI-RS).

Reference Signal Configuration.

[0097] In exemplary embodiments, an antenna port may be defined or configured as a
reference signal, wherein a reference signal configuration may include one or more following: (i)
A time/frequency resource element pattern (or reuse pattern); (ii) A bit sequence which may be
modulated to modulated symbol sequence; (ii1) A reference signal power (or relative reference
signal power); (iv) Periodicity (e.g., periodic or aperiodic); and/or (v) Spreading code index if

multiple antenna ports are multiplexed in code domain.

[0098] The antenna elements in an antenna configuration may be virtualized into one or more
antenna ports, and a WTRU may measure, receive, or estimate channel characteristics of the one
or more antenna ports. These measurements may include parameters described herein as QCL
parameters. The number of antenna ports may be equal to or smaller than the number of antenna

elements.

[0099] In some embodiments, two types of CSI feedback may be used, wherein the first type
of CSI feedback may be associated with a set of antenna ports and the second type of CSI feedback
may be associated with one or more sets of antenna ports. Hereafter, the phrase “set of antenna
ports” may be interchangeable with the phrases “CSI-RS”, and “CSI-RS configuration”. A first
type of CSI feedback may be associated with a CSI-RS (or CSI-RS configuration). The first type
of CSIfeedback may include but is not limited to precoding matrix indicators (PMI), rank indicator
(RD), and/or channel quality indicator (CQI) which may be calculated, determined, or estimated
based on a single CSI-RS. A second type of CSI feedback may be associated with multiple CSI-
RSs (or CSI-RS configurations). The second type of CSI feedback may include but not limited to
CSI-RS index (CRI), PMI, RI, and/or CSI which may be calculated, determined, or estimated
based on multiple CSI-RS.

[0100] In an exemplary embodiment, a CSI-RS may be configured for each panel. For
example, one or more of CSI-RSs may be configured for a transmission point (TRP) with one or
more panels, wherein a CSI-RS may be associated with a panel in the TRP. The number of CSI-

RS configurations may be the same as the number of panels in the TRP. A panel and a CSI-RS
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configuration may be interchangeably used. The number of antenna ports may be the same for all
CSI-RS configurations which may be associated with a TRP. If Mg x Ng panels are used in a TRP,
Mg x Ng CSI-RS configurations may be used as shown in FIG. 4.

[0101] In some embodiments, a WTRU is configured with Na CSI-RS configurations and the
Na CSI-RS configurations may be based on at least one of following,

[0102] The associated panel location may be indicated. For example, a two-dimensional

position of the panel associated with the CSI-RS may be indicated.

[0103] In the case of Mg=2 and Ng=2, four CSI-RS configurations (i.e., Na=4, Na=Mg x Ng)
may be used and the associated panel position may be indicated as (Iy, In), wherein Iy may be
referred to as the position in vertical dimension and In may be referred to as the position in
horizontal dimension. Therefore, the panel position may be one of (0,0), (0,1), (1,0), and (1,1) in
the case of Mg=2 and Ng=2.

[0104] A WTRU may report a second type of CSI feedback (e.g., CSI feedback associated
with multiple CSI-RS). For example, a precoding matrix index (PMI) may be determined based

on the set of CSI-RS configurations with its associated position.

[0105] A codebook structure (or a codebook) may be determined based on the associated panel
positions. For example, a first codebook may be used if Mg=1 and Ng=4 and a second codebook
may be used if Mg=2 and Ng=2. Therefore, a codebook for PMI reporting may be determined

based on Mg and Ng configuration rather than Na configuration.

[0106] The number of antenna ports may be the same for Na CSI-RS configurations. For

example, Np antenna ports may be used for Na CSI-RS configurations.

[0107] A WTRU may report one or more CSIs which may be related to W, and W,,, wherein
the one or more CSIs may be determined, estimated, or calculated based on Na CSI-RS

configurations.

[0108] In one embodiment, a non-precoded CSI-RS may be transmitted from the antennas of

different panels, where antennas on different panels may be virtualized to a common CSI-RS.

[0109] In another embodiment, a non-precoded CSI-RS may be transmitted from the antennas
of one panel, for example when the panels may not satisfy the condition of being co-located, e.g.
where the distance between the panels is above a threshold. The non-precoded CSI-RSs from
separate panels may be multiplexed in time and/or frequency and/or code domains. The WTRU

may measure the non-precoded CSI-RSs and feedback the corresponding CSL
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[0110] In another embodiment, a CSI-RS may be used for one or more panels in a TRP. For
example, a CSI-RS with Mg x Ng x Np antenna ports may be used for a TRP with one or more
panels. One or more of following may apply: (i) A subset of antenna ports may be associated with
a panel; and/or (i1)) A WTRU may be provided an indication of the association between a subset

of antenna ports and panel (and/or panel positions).

[0111] In an exemplary embodiment, one or more quasi-collocation (QCL) types may be
defined, determined, configured, or used for the one or more CSI-RS configurations, wherein QCL
may indicate whether two or more of CSI-RS configurations (or CSI-RSs) are quasi-collocated (or
assumed to be the same) in terms of QCL parameters (receive signal characteristics) that may
include at least one of delay spread, Doppler spread, frequency shift, average received power,
received timing, and beam index (or spatial Rx parameter). A QCL type may be used to indicate
whether full or partial QCL parameters are QCL-ed or non-QCL-ed, wherein the phrase “QCL-
ed” may be used to refer to CSI-RSs that have the same received signal characteristics for some of
the QCL parameters and non-QCL-ed may be used to refer to CSI-RSs that are considered to have
different received signal characteristics with respect to the QCL parameters. Thus, a set of RS
configurations classified as having a shared QCL type can be used to indicate to a WTRU what
reference signals from respective RS configurations may be measured in order to obtain the full
set of QCL parameters needed by the WTRU to process a given data transmission. More
specifically, a set of RS configurations that are designated as a QCL type enables the WTRU to
measure the specified characteristics (those specified for the given QCL type) from the entire set
of RS configurations when determining the channel characteristics (QCL parameters). The WTRU

is then able to obtain more reliable measurements for the relevant subset of QCL parameters.

[0112] A first QCL type (e.g., Type-1) in one embodiment may indicate that one or more of
quasi-collocated CSI-RS configurations may be assumed or considered to have received signal
characteristics (or conditions) that are the same in terms of a predetermined set of QCL parameters.
The predetermined set may include some or all of: delay spread, Doppler spread, frequency shift,
average received power, and received timing. For example, one or more of Type-1 quasi-
collocated CSI-RS configurations may have the same (or similar) signal characteristics in terms of
delay spread, Doppler spread, frequency shift, average received power, and received timing. In
such embodiments, a higher level (RRC) QCL-type message may be provided to the WTRU to list
the RS configurations that are grouped together in the given QCL type.

[0113] A second QCL type (e.g., Type-2) may indicate that a subset of received signal
characteristics from one or more of quasi-collocated CSI-RS configurations are the same. The
signal characteristics in the subset may be predetermined, or may be separately signalled by the
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system. For example, the received signal characteristics from one or more of Type-2 quasi-
collocated CSI-RS configurations may have the same (or similar) signal characteristics in terms of
delay spread, Doppler spread, and received power, while frequency shift and received timing may
be assumed to be different. Therefore, in one embodiment, a WTRU that has been allocated a
specific receive resource corresponding to a first RS configuration may determine whether any
other RS configurations have been grouped with the first RS configuration in a QCL type
message/indication (signalled, e.g., by RSS), and the WTRU may then responsively determine,
according to the QCL type (type 1, type 2, etc.) which QCL parameters may be measured from RS
configurations other than the specifically assigned receive resource. By processing the QCL type
information, which groups sets of RS configurations according to their common QCL parameters,
the WTRU is able to make signal characteristic measurements on reference signals from RS
configurations other than its assigned data RS configuration, and those measurements will still be

beneficial to the WTRU when processing received signals on its assigned RS configuration.

[0114] A third QCL type (e.g., Type-3) may indicate that the received signal characteristics
from one or more Type-3 quasi-collocated CSI-RS configurations are different. Thus, in one
embodiment, the WTRU may determine that the RS configuration being used for data transmission
to the WTRU has no supplemental RS configurations that may be used to augment its signal

characteristics measurements.

[0115] A WTRU may be provided with an indication of the QCL type for one or more CSI-
RS configurations (e.g., one or more sets of RS configurations), wherein the QCL type may
indicate that which QCL parameters are QCL-ed (or non-QCL-ed) for the one or more CSI-RS
configurations. A first QCL type may be used to indicate which QCL parameters are QCL-ed
between CSI-RS configurations and a second QCL type may be used to indicate which QCL
parameters are non-QCL-ed between CSI-RS configuration. Another QCL type may be used to
indicate which QCL parameters are non-QCL-ed and the rest of QCL parameters may be
considered as QCL-ed.

[0116] CSI-RS configurations may be interchangeably used with multiple layer transmissions,
multiple codeblock transmissions, wherein a layer may be a spatial layer of multi-layer MIMO
transmission and a codeblock may be a coded bit sequence associated with a transport block. QCL
type may be indicated for one or more layers transmitted, wherein an associated CSI-RS
configuration for each layer may be indicated (e.g., in a DCI). QCL type may be indicated for one
or more codeblocks transmitted, wherein an associated CSI-RS configuration for each codeblock

may be indicated (e.g., in a DCI).
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[0117] The designation of “CSI-RS” may be interchangeably used with the term “reference

signal”, a “measurement reference signal”, a “demodulation reference signal”, and a “cell-specific

reference signal” without departing from the scope of the present disclosure.

[0118] In some embodiments, beam measurement reference signals may be transmitted from
a group of antennas where the reference signal transmissions may be multiplexed in time and
beamformed in different directions. The WTRU may measure all the reference signals and may
provide feedback indicating the preferred direction, and/or the beamforming matrix that was used
to create the signal in the preferred direction, and/or an index to this matrix. When multiple panels
are employed, the beam measurement reference signals transmitted from different panels may be
multiplexed in time. An example is shown in FIG. 5, where beam measurement reference signals
504 and 506 from two groups of panels are transmitted and these transmissions are multiplexed in
time. A group may include one or more panels. In the embodiment of FIG. 5, a transmission unit
502 may be a waveform symbol, such as an OFDM or DFT-s-OFDM symbol, or may be a group
of waveform symbols. In each transmission unit 502, a beam is generated and the generated beam
is shown with a patterned filling. In another embodiment, beams from multiple panels may be
transmitted simultaneously during the same transmission unit, these beams may be repeated over
a multiple of transmission units, and each beam during a transmission unit may be scaled with a
coefficient. These coefficients may be chosen such that they form an orthogonal cover. As an
example, one beam from a first panel may be transmitted over two OFDM symbols and multiplied
by [1 1] (where nth coefficient multiplies the beam on the nth OFDM symbol); while another beam

from a second panel may be transmitted over the same two OFDM symbols and multiplied by [1
-1].

Transmission Schemes with Multi-Component Precoder.

[0119] One or more multiple antenna transmission schemes may be defined, configured, used,
or determined based on the function (or precoding structure) used for the composite precoder (I/,),

extension matrix (W;,), and the panel-specific precoder (W,).

(Semi) Open-loop Transmission Scheme.
[0120] In an exemplary embodiment, the composite precoder W, may be defined, determined,
or used as W, = W,,®W,,, wherein ® may be a Kronencker product, W;, may be a Na x 1 vector,
and W, may be a Np x R precoding vector/matrix which may be associated with a panel (e.g., a

CSLRS).

[0121] W,, may be used, defined, or configured as a random co-phasing vector/matrix. For

example, one or more co-phasing vectors/matrices may be used, configured, or predetermined and
02
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one of the co-phasing vectors/matrices may be determined for W, based on one or more resource

parameters.

[0122] In an example, the composite precoder W, may be set as W, (k, i) = W, (k) @W, (1),
wherein W, (k) and W, (i) may be component precoders which may be determined based on

indices k and i. One or more of following may apply.

[0123] W, (k) may be determined as a function of the index k. k may be a resource index
which may include at least one of subcarrier, a set of subcarriers, PRB, PRB-pair, subband, OFDM
symbol, and subframe. A predefined or a configured set of vectors/matrices may be used for W,,,
wherein the set of vectors/matrices for W, may be referred to as a codebook. A codebook may
have Nc vectors/matrices. A vector/matrix may be interchangeably used with a codeword in a
codebook. A modulo operation based on k and Nc may be used to determine a codeword. A
codeword of one or more codewords in a codebook may be cyclically selected based on the
resource index k, which may be referred to as codeword cycling or precoder cycling. A random
sequence may be used to determine a codeword in a codebook based on the index k. A codeword
of one or more codewords in a codebook may be randomly selected based on the random sequence,

which may be referred to as random precoding.

[0124] The index k may be an index which may be signaled, determined, or configured via
higher layer signalling. A WTRU may be semi-statically configured with a W, (k). The W, (k)
may be a WTRU-specific antenna virtualization matrix. A WTRU may measure, estimate, and/or

report one or more CQIs based on determined or configured W, (k).

[0125] W, (k) may be a phase shift vector/matrix which may be determined as a function of k

1
ejgik ] ‘
elO2k ®Wp(l), wherein 6,, = nx6

ej93k

We(k, i) = W, (K)®W, (i) =

[0126] The phase shift vector/matrix may be determined by the receiver, for example a
WTRU, based on transmitted reference signals and fed back to the transmitter, for example the
eNB. Na CSI-RSs may be configured where each CSI-RS configuration may use CSI-RSs
transmitted from the antennas on a group of panels where a group may consist of one or more
panels. The CSI-RSs transmitted from different groups of panels may be multiplexed in time
and/or frequency domains; they also may be multiplexed by applying orthogonal cover codes in
time and/or frequency. The phase shift matrix may be determined by the receiver by measuring
the CSI-RSs from different groups of panels. The phase shift matrix may be chosen from a set of

pre-determined or configured matrices, e.g. a codebook. The WTRU may determine a phase shift
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matrix for a set of CSI-RSs where the set may be configured and dynamically signaled by the eNB

or another controller. The determined phase shift matrix may be fed back to the controller. In
another embodiment, the controller may signal to the WTRU whether a phase shift matrix is
required. The set(s) of CSI-RSs to which the phase shifts would apply may be configured by the

controller.

[0127] In some embodiments, W, (i) may be determined as a function of an index i. The index
i may be a resource index which may include at least one of subcarrier, a set of subcarriers, PRB,

PRB-pair, subband, OFDM symbol, and subframe. A codebook may be used for I}, and the index

i may determine a codeword in the codebook for a resource associated with the index i.

[0128] In some embodiments, W, (i) may be constructed, determined, generated, or used by

one or more component precoders.

[0129] In some embodiments, W, (i) = Wp”(i)®%h(i) may be used, wherein W,’(i) may be
a component precoder for vertical antenna ports in a panel (or a CSI-RS) and th(i) may be a
component precoder for horizontal antenna ports in a panel (or a CSI-RS). The composite precoder
may be generated or determined based on W, (k, i) = Wn(k)®(Wp”(i)®%h(i)). The index k and
i may be a resource index and they may have a different resource granularity (or resource type).
For example, the resource index k may be a subframe number (or a radio frame number) and the
resource index { may be a PRB (or PRB-pair) number. The index k may be indicated while the
index { may be determined based on the resource used, or vice-versa. For example, the index k

may be signaled, indicated, or configured by eNB and the index { may be the resource index for

which a WTRU may report a CSL

[0130]  Insome embodiments, W, (i) = W, (i)W, (i) may be used, wherein W} (i;) may be
a precoder which may be determined in a long-term and wideband manner and W (i,) may be a
precoder which may be determined in a short-term and subband manner. The composite precoder
may be generated or determined based on W,(k, i) = W,l(k)@(Wpl(il)Wp2 (i,)). The index k may
be indicated while the indices i; and i, may be determined based on the resource used, or vice-
versa. The indices i; and i, may be associated with a different resource type. For example, i{; may
be a subframe number (or a radio frame number) and i, may be a PRB (or PRB-pair) number. In
some embodiments, the index {; may be reported by a WTRU and i, may be determined based on
the resource. For example, a WTRU may first determine i; and calculate/estimate one or more of

CQIs for a specific time/frequency resource based on the determined i; and associated resource
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index I, for the time/frequency resource. The WTRU may report i; and corresponding one or

more of CQIs.

[0131] In some embodiments, the composite precoder W, may be defined as W_.(k,i) =
W, (k)W, (i), wherein W;, (k) may be an Nt x Np matrix and W, (i) may be an Np x R
vector/matrix. The Nt may be referred to as a total number of antenna ports which may be

equivalent to Mg x Ng x Np if the number of antenna ports is the same for all panels.

[0132] In some such embodiments, W, (k) may be an antenna virtualization matrix which may
be configured, determined, or indicated in a WTRU-specific manner. Alternatively, W, (k) may
be a cell-specific antenna virtualization matrix which may be configured or indicated via a higher

layer signaling (e.g., broadcasting channel).

[0133] In other such embodiments, W, (k) may be a fixed matrix and known to WTRU and
eNB. In this case, the composite precoder may be generated based on W;(i) = W, W, (i)

[0134] In still further such embodiments, W,,(k) may be a matrix which may be determined as

a function of the resource index k.

[0135] In an alternative embodiment, the composite precoder W, may be defined, determined,
or used as a sparse matrix W, = W,,®W,, wherein ® , W,, and W}, are Kronencker product, Na x 1
panel selection sparse vector and Np x R antenna selection sparse matrix. The W, and W, may be
configured to select a similar subset of elements from every selected panel.

[0136] FIG. 6 shows an exemplary antenna system 600 with 8 panels 602 where there exist 4

antenna elements per panel. Assuming a rank 2 transmission and also use of similar element from

each panel, the selection matrices may be set as follows:

1 0O

L - C

L Y ] I U H
-0 0'32><2

[0137] In another embodiment, to enable selection of dissimilar subset of elements from the
selected panels, and also allow selection of different co-phasing per element, the composite

precoder W,, may be constructed as:

W, = Z?,gl an®ij7
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wherein ® , Wy,; and W),,; are Kronencker product, Na x 1 panel selection sparse vector and Np
R antenna selection sparse matrix. The W,; and W,; may be configured to select an arbitrary

subset of elements per panel with possibility of an arbitrary co-phasing weight per element.

[0138] As an example, for a rank 2 transmission with use of dissimilar elements of different

panels, the selection matrices for selected panels 702 and 704 in FIG. 7 may be set as follows.

_1_
0 [P1 01
0 0
Wnl =1: erl = 0 0
0
n L0 044x2 pr O
8x1 0
_0' _0 0_ >—) VVC:WTL®Wp: 0 ,
0
0
0 O 32x2
Wha = (1) Wp2 =g 0
_0 p2-4-><2
“0Hgx1

Panel selection matrices, (Wn, an) and antenna element selection matrices (Wp, W, j) may be

defined as part of cell configuration, WTRU-specific, or defined for a group of WTRU’s.

[0139] In case of WTRU-specific configuration, the selection matrices may be determined

based on WTRU mobility, path loss, angle of arrival and mode of the transmission.

[0140] In case of a group-based configuration, the selection matrices may be assigned based
on similar considerations as WTRU-specific, but also it may be based on consideration for MU-
MIMO operation. For example, WTRU pairs intended for MU-MIMO operation may be assigned

to different selection groups to reduce the inter-cell interference.

[0141] In some embodiments, panel selection matrices,(Wn, an) and antenna element

selection matrices (Wp, W, j) may be dynamically configured.

[0142] The selection matrices may be updated on symbol, subframe or frame basis, however
they may not necessarily have the same rate of updates. In an exemplary embodiment, the panel

selection matrices may be updated at a slower rate than the antenna selection matrix.

[0143] In one solution, the dynamic selection may be based on permutation of the selection
matrices. Panel selection matrices, W}, and WW,,; may be permuted to allow dynamic selection of
panels. Similarly, antenna element selection matrices W, and W,; may also be permuted in
conjunction with panel selection matrices or independently. In one embodiment, the permutation
process is realized by operator p (W) that swaps a non-zero row with another all zero or none-zero

row. For example, one potential permutation of W is
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0 0 O
8 - Wpermutated = W(W) = (1) 8
0 0 O

S OO =

The permutation may be cell-specific, WTRU-specific, or defined for a group of WTRU’s, or
performed randomly. In case of WTRU-specific configuration, the permutation may be determined
based on WTRU mobility, path loss, angle of arrival and mode of the transmission. In case of a
group-based permutation, the permutation process may be assigned based on similar
considerations as WTRU-specific, but also it may be based on consideration for MU-MIMO
operation. For example, WTRU pairs intended for MU-MIMO operation may be assigned to

different selection groups to reduce the inter-cell interference.

[0144] The composite precoder may be represented by W, (k, i), wherein k and i indicate the
dependencies of panel selection matrices(Wn, w, j), and antenna element selection matrices

(Wp, W, j) on indices k and i, respectively.

[0145] In some embodiments, (Wn(k), Wh; (k)), may be determined as a function of the index

k. The index k may be a resource index which may include at least one of subcarrier, a set of
subcarriers, PRB, PRB-pair, subband, OFDM symbol, and subframe. A predefined or a configured
set of vectors/matrices may be used for (Wn, w, j), wherein the set of vectors/matrices may be
referred to as a codebook. A codebook may have Nc vectors/matrices. A vector/matrix may be
interchangeably used with a codeword in a codebook. A modulo operation based on k and Nc may
be used to determine a codeword. A codeword from among one or more codewords in a codebook
may be cyclically selected based on the resource index k, which may be referred to as codeword
cycling or precoder cycling. A random sequence may be used to determine a codeword in a
codebook based on the index k. A codeword from among one or more codewords in a codebook
may be randomly selected based on the random sequence, which may be referred to as random

precoding.

[0146] In some embodiments, (Wp(i), w, j(i)) may be determined as a function of the index
i. The index { may be a resource index which may include at least one of subcarrier, a set of
subcarriers, PRB, PRB-pair, subband, OFDM symbol, and subframe. A predefined or a configured
set of vectors/matrices may be used for (Wp, W, j), wherein the set of vectors/matrices may be

referred to as a codebook. A codebook may have Nc vectors/matrices. A vector/matrix may be
interchangeably used with a codeword in a codebook. A modulo operation based on i and Nc may

be used to determine a codeword. A codeword of one or more codewords in a codebook may be
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cyclically selected based on the resource index k, which may be referred to as codeword cycling
or precoder cycling. A random sequence may be used to determine a codeword in a codebook
based on the index i. A codeword of one or more codewords in a codebook may be randomly

selected based on the random sequence, which may be referred to as random precoding.

[0147] In some embodiments, a WTRU may determine the rate and timing related to the
update of (Wn(i), an(i)) and (Wp (), ij(i)) through L 1/L2 signalling the rate and timing may
be configured via higher layer signaling.

[0148] In some embodiments, a WTRU may determine (i, k) indices through L1/L2 signaling,

determined, or the (i, k) indices may be configured via higher layer signaling,

[0149] In some embodiments, a WTRU may measure, estimate, and/or report one or more

CQIs based on determined or configured (i, k) indices.

Closed-loop MIMO Schemes.
[0150] The composite precoder W, may be defined as a function of W, and W, such as
W, = f (W, W,,), wherein the composite precoder W, may use at least one of CSI feedback,

demodulation of downlink data reception, link adaptation for downlink data transmission.

[0151] In some embodiments, f(,) may be a function which may be determined, configured,
or predefined. For example, f(,) may be at least one of but not limited to Kronecker product
represented as @, inner product represented as -, and Hadamard product °. The function may be
determined or used based on at least one of transmission scheme, mode of operation, and number
of antenna ports. A first function may be used for a periodic CSI reporting mode while a second
function may be used for an aperiodic CSI reporting mode. A first function may be used for an
open-loop transmission scheme while a second function may be used for a closed-loop
transmission scheme. The function may be determined or used based on a frequency band f. for
the system. For example, a first function may be used for a first frequency band (e.g., f.< 6GHz)

while a second function may be used for a second frequency band (e.g., f.> 6GHz).

[0152] In some embodiments, W, = f(W,, W,) may be used, configured, or determined as at
least one of the following. In one embodiment, W, = W, ®W,,, wherein the W, may be further
characterized with Wp1 : sz. Therefore, it can be expressed as W, = Wn@([/l/p1 ' sz). In some

X189X, 0 ) or W;:<X1®X2 X19X,

: 1 _
embodiments, Wy = ( 0 X,®X, X,0X, —X,®X,

). In some

embodiments, X; is a Ny XL matrix with Ly column vectors being an 04 oversampled DFT vector

j2ml j2r(Nq—1)
eN101 ... e N1Og

T
of length Ny: v; = [1 ] . In some embodiments, X, is a N, XL, matrix
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with L, column vectors bein g an 0, oversampled DFT vector of length N,: v, =

j2ml j2r(Np—1)1
1 eNZ 0y ces e N0,

T
] . In some embodiments, Ny and N, are the numbers of antenna ports

per pol in first and second dimension (e.g., vertical and horizontal dimension). In some

. Sy .
embodiments, Wf, = [asz]’ where s1 and s, may be a column selection vector and & may be a

17 10 0
co-phasing element based on a complex number, for example s; € [0] , [1] AT [0] and s, €
ol Lo 1

17 10 0
[0] , [1] SEIN [0] , where s and s, may be a linear combination of column vectors in Wll,.
ol Lo 1

[0153] In some embodiments, a WTRU may report a single W, which may be associated with

all panels used for a composite precoder. For example, each panel may be associated with a CSI-
RS configuration and Mg x Ng CSI-RS configurations may be used for or associated with a

composite precoder. A WTRU may determine a single W, which may be commonly used for all

panels (or all CSI-RS configurations) associated with a composite precoder. In some embodiments,
a WTRU may use a representative CSI-RS configuration (e.g., a first CSI-RS configuration

associated with a first panel) and determine W, based on the representative CSI-RS configuration,

for example a gNB may indicate a representative CSI-RS configuration among the associated CSI-
RS configurations, or a WTRU may autonomously determine a representative CSI-RS

configuration. In some embodiments, a WTRU may determine W,, which maximizes CQI of a
composite precoder. For example, a WTRU may exhaustively search W, within all W, candidates

and determine W, which maximizes the CQI of the composite precoder W.

[0154] In some embodiments, the frequency bandwidth (or granularity) for each component
precoder of W, = Wn®(W11, : Wf,) may be determined based on at least one of following. In one
embodiments, a first frequency granularity may be used for W}: a second frequency granularity
may be used for W?; a third frequency granularity may be used for W,,. In one embodiment, the

first frequency granularity may be equal to or larger than third frequency granularity. In one
embodiment, the second frequency granularity may be equal to or smaller than third frequency

granularity.

[0155] In one embodiment, a panel may be associated with a CSI-RS configuration. In one

embodiment, a panel may be associated with a subset of antenna ports in a CSI-RS configuration.
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For example, a CSI-RS configuration may be used for a composite precoder and a subset of

antenna ports may be associated with a panel-specific precoder.

[0156] In some embodiments, the component precoder W,, may be generated, determined,
used, or configured as a function of one or more sub-component precoders. For example, W, =
f (WL, W,;2) may be used wherein W} is a first sub-component precoder and W;? is a second sub-
component precoder. The first sub-component precoder W,} may determine a subset co-phasing
vectors for panels and the second sub-component precoder W,? may determine a co-phasing vector
within the subset of co-phasing vectors determined by W,}. The component precoder W, may be
defined or represented as W,, = W,1W,2. One or more of following may apply: (i) W,! may be a
subset of an oversampled DFT matrix, a grassmanian based codebook, a codebook; (ii) W2 may
be a column selection vector; (iii) W,! may be a long-term and a wideband based precoder; (iv)
W,? may be a short-term and a subband based precoder; (v) in an example, W,} = [w,w, ...w,],

wherein w;, [ = 1...,L may be a Na x 1 co-phasing vector and W,! may be Na x L matrix and W2
171 10 0

may be a column selection vector such as W2 € 0] , [1] SEIN [0] . The first sub-component
ol Lo 1

precoder W,! may be associated with panels in vertical domain and the second sub-component
precoder W,2 may be associated with panels in horizontal domain. The component precoder W,

may be represented as W,, = W, QW,2.

[0157] In exemplary embodiments, the component precoder W, may be generated,
determined, used, or configured as a function of one or more sub-component precoders. For
example, W, = f(W,!, W) may be used wherein W' is a first sub-component precoder and W}
is a second sub-component precoder. The component precoder may be defined or represented as
W, = I/I/p1 sz or W, = Wp1®Wp2. One or more precoding structure determined, defined, generated
for W, may be used for Wy, or vice versa. One or more precoding structures determined, defined,

or generated for W,? may be used for sz, or vice versa.

[0158] In some embodiments, the composite precoder W, may be defined or represented as
W, = fi(L (Wi, WD), f,(Wy5', W,2)), wherein f1(,), f2(,), and f3(,) may be the same function or
a different function. In an example of f,(,) = f2() = f3() = ® , the composite precoder may
be defined as W, = (W, @W,2)Q(W, ®W,). In another example of f,(,) =+, f2(,) = fz() = ®,
the composite precoder may be setas W, = (W,1QW,2) - (Wp1®Wp2). W, may be determined based
on one or more indices. For example, W, may be determined as a function of one or more of
ky, ko, iy, and iy, We(ky, ka, iy, i7) = (W' (k) QWi (k2)) @ Wy (i) ®W; (i2)). A WTRU may
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report one or more of kq, k,, {1, i, indices. The reporting cycle (or feedback periodicity) may be
determined independently per index. The reporting cycle for k;, k, may be equal to or longer than
that of i;,i,. A WTRU may be requested to report one or more of k, k,, i1, i, indices. A WTRU
may be configured or indicated one or more indices. For example, k4, k, may be configured or
indicated to a WTRU and the WTRU may determine iy, i, based on the configured or indicated

indices k4, k5.

[0159] In an exemplary embodiment, W,, may be used, determined, or configured as a panel
selection vector/matrix. For example, one or more panels (e.g., CSI-RS configurations) may be
selected, determined, or indicated with W,, when Mg x Ng panels are configured or used. Table 2
shows an example of a panel selection codebook which may be used for W, when Mg=2 and Ng=2

are used with W (k, i) = W, (k)®W,, (i), wherein ‘1’ element may indicate the selected panel.

[0160] The panel selection codebook may include at least one of following. (1) One or more
panel selection vectors/matrices which may select or determine a panel within Mg x Ng panels.
(1) One or more panel selection vectors/matrices which may select a subset of panels within Mg
x Ng panels. One or more panel groups may be predefined or configured and a panel group may
be selected or determined based on panel selection vector/matrix. (iii) One vectors/matrices which

may use all Mg x Ng panels (e.g., Index-13 in Table 2).

[0161] The number of panels selected, used, or determined based on at least one of following.
(1) The number of layers (e.g., RI) associated with CSI feedback. For example, a single panel may
be used, determined, or selected if the number of layers is less than a predefined threshold (e.g.,
RI<3) and multiple panels may be used, determined, or selected if the number of layers is equal to
or higher than the predefined threshold (e.g., RI>=3). (i1)) MCS levels. For example, if lower MCS
levels are used, all panels may be used for better signal coverage and a subset of panels may be
used for a higher MCS level. (iii) Mode of operation. For example, a WTRU in a first mode of
operation (e.g., SU-MIMO) may use or determine all panels for a CSI feedback while a WTRU in
a second mode of operation (e.g., MU-MIMO) may use or determine a subset of panels for a CSI
feedback. (iv) Traffic type. For example, all panels may be used for a first traffic type (e.g.,
URLLC) and a subset of panels may be used for a second traffic type (e.g., eMBB).

Table 2. An example of panel selection vector/matrix W,, for Mg=2 and Ng=2.

Index-0 Index-1 Index-2 Index-3
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17 0 07 07
0 1 0 0
0 0 1 0
L()_ L()_ L()- h_
Index-4 Index-5 Index-6 Index-7
_1_ -1' '1' -0
1 0 0 1
0 1 0 1
L() L) L1 L
Index-8 Index-9 Index-10 Index-11
07 07 (17 107
1 0 1 1
0 1 1 1
L1 L] L() L1
Index-12 Index-13 Index-14 Index-15
_1_ _1_
1 1 ) )
0 1
[ 1 [ 1.

[0162] In another exemplary embodiment, the composite precoder may be defined,
configured, constructed, or generated with one or more of individual panel-specific precoder Wy, ,
wherein / may be a panel index (or CSI-RS configuration index), /=1, ...,Na. For example, the
composite precoder may be defined as W, = [Wp, 1 |[W) | - [Wp ng] , Wherein ‘" may be used to

represent ‘stacking’ one or more panel-specific precoders W, ;.

Wpa

W,
W, = [Wpa|Wpo| - [Wpwa] =| 77

Wp,N a

[0163] In one embodiment, the ‘stacking’ of panel-specific precoders may be represented as
follows. In an embodiment, W, = diag[Cp; Cp2 ** Cpnal - Wh, wherein C;,; may be a precoding
vector associated with a panel | without co-phasing across panels and diag[] may be a block
diagonalization of the panel-specific precoders; and W,, may be Na x 1 co-phasing vector across
panels. Therefore, after co-phasing across panels, each panel-specific precoder may be expressed
as W, ;. The co-phasing across panels may be reported as Wy, or reported separately as W, with
panel-specific precoder C,;. In some embodiments, W,,; and C;,; may be used interchangeably,
therefore W, = diag[W,; Wy - Wy ng]* Wy, In some embodiments, Cp,; may be determined

based on its associated CSI-RS configuration, wherein Na CSI-RS configurations may be used for

a CSI reporting for a composite codebook.

[0164] In some embodiments, Wy, C,,;, and W, may have a same precoding structure with

component precoders (e.g., W, and sz). In an embodiment, W, may be common for all panels
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(e.g., panel common Wpl). Thus, a WTRU may report a single Wp1 for all panels (or all CSI-RS

configurations) and the WTRU may report sz,l for each panel (e.g., panel / or CSI-RS
configuration /). In this case, the codebook structure may be represented as W, =
diag[W, Wiy Wy W2y - Wy Wi ] - Wy, wherein W, may be common for all panels. In an
embodiment, W' may be a panel-specific (e.g., panel specific W;'). Thus, a WTRU may report
Wplll and sz,l for each panel (e.g., panel / or CSI-RS configuration /). In this case, the codebook
structure may be represented as W, = diag[W, Wz, Wy ,W;, - Wy W2 ]+ W, wherein W,
may be common for all panels. In some instances, W,, may be reported with a same frequency
granularity with Wpl. In some instances, W,, may be reported with a same frequency granularity
with sz. In some instances, the frequency granularity of W,, may be determined based on at least

one of following: an indication in an associated DL control information which may be used to
trigger aperiodic or semi-persistent CSI reporting; a number of panels (or a number of CSI-RS
configurations associated with a composite precoder), a frequency band used (e.g., center

frequency); and a CSI reporting setting used.

[0165] In some embodiments, the use of panel common W) or panel-specific W' may be
determined based at least one of following. In an embodiment, an antenna calibration status across
panels (e.g., timing and frequency offset), wherein the antenna calibration status may be indicated
as QCL. If a predefined QCL parameters are QCL-ed across panels (or across CSI-RS
configurations), a panel common W' may be used; otherwise, a panel-sepcific W' may be used.
In an embodiment, a dynamic indication (e.g., DCI or MAC-CE) when the CSI reporting is
triggered. For example, when aperiodic CSIreporting or semi-persistent CSI reporting is triggered,
the triggering information may include which type of Wy is used. In an embodiment, a higher

layer signaling may be used to indicate which types of W, is used.

[0166] In one embodiment, a WTRU may report one or more panel-specific precoders Wy, ;. A
WTRU may report a set of panel-specific precoders associated with one or more panels (e.g., CSI-
RS configurations) while the WTRU may report CQI and RI based on W,.. A WTRU may report
a subset of panel-specific precoders which may be changed. A WTRU may report one or more

panel-specific precoders with its associated panel index (e.g., CSI-RS configuration index).

[0167] In one embodiment, a WTRU may determine a first composite precoder structure W, =

Wy 1\Wy 2| - Wy ne] Or a second composite precoder structure W, = W,,QW,, based on at least
p11Vp, v, P

QCL type or status. For example, a second composite precoder structure may be used if all CSI-

RS configurations are QCL-ed for a predefined set of QCL parameters; otherwise, a first composite
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precoder structure may be used. In some instances, the predefined set of QCL parameters may be
a QCL type predefined or a subset of QCL parameters. In some instances, a first composite

precoder may use individual reporting of W, for each panel while a second composite precoder

may use common reporting of W, for all panels.

[0168] In one embodiment, a WTRU may use a first composite precoder structure W, =

diag[Cpll Cplz Cp,Na] b WTL'

[0169] In certain cases, it may be possible that the relative phase between antenna panels may
drift, for example if each panel has an individual local oscillator and the local oscillators are not
perfectly synchronized. In this case, it may be desirable that one the physical antennas that are

virtualized to an antenna port belong to the same panel.

[0170] In an exemplary embodiment, a WTRU may report a relative phase drift information
between panels (e.g., CSI-RS configuration). One or more CSI-RSs may be transmitted from
different panels and these CSI-RSs may be measured by the WTRU to report a relative phase drift

between one or more CSI-RS configurations.

[0171] The WTRU may determine the phase drift associated with each CSI-RS. The WTRU
may either feedback the absolute value of the phase drifts associated with each CSI-RS, or a

relative phase drift value.

[0172] In another embodiment, instead of the phase value, the WTRU may feedback the

frequency offsets of the antenna panels.

Uplink Sounding Reference Signal Transmission.
[0173] In a solution, a WTRU may transmit one or more sounding reference signals (SRS)

through one or more panels. One or more of following may apply.

[0174] One or more sets of SRS ports may be used for the SRS transmission and each set of
SRS ports may be associated with a panel. For example, a first set of SRS ports (e.g., SRS ports
#0~#3) may be associated with a first panel and a second set of SRS ports (e.g., SRS ports #4~7)
may be associated with a second panel, wherein the SRS ports in a different set may be mutually

exclusive

[0175] One or more SRS group numbers (or indices) may be used to indicate the associated
panel information. For example, an SRS transmission in a determined time/frequency location may
be associated with an SRS group. A WTRU may transmit an SRS associated with a certain SRS
group in a time/frequency resource which may be determined, configured, indicated, or used for

the associated SRS group. A WTRU may transmit an SRS with an associated SRS group index,
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wherein the SRS group index may be indicated by an SRS reuse pattern (e.g., time/frequency

locations), a scrambling sequence for the SRS, and an explicit indication via an uplink control

channel.

[0176] One or more quasi-collocation (QCL) indications may be used. For example, a WTRU
may indicate or report a quasi-collocation (QCL) information for the SRS ports across panels. For
example, if a common local oscillator is used for all panels at a WTRU transmitter, the WTRU
may indicate that all SRS ports are quasi-collocated (e.g., QCL= ‘TRUE’) while individual local
oscillator is used for each panel at a WTRU transmitter, the WTRU may indicate that SRS ports
are not quasi-collocated (e.g., QCL = ‘FALSE’). If QCL = ‘FALSE’, SRS ports in a SRS group
may be considered or assumed as quasi-collocated while SRS ports across different SRS groups
may be considered or assumed as non-quasi-collocated. A WTRU may indicate an associated SRS
group index for an uplink transmission (e.g., data and/or control). For example, a WTRU may
transmit an uplink data transmission (e.g., PUSCH) with an associated SRS group index which
may be quasi-collocated with the data transmission. The SRS group index and QCL index may be
used interchangeably. The SRS group index may be indicated in an associated uplink control
information. A WTRU may transmit an uplink control information via a predetermined,

configured, or indicated panels.

[0177] A WTRU may be provided with an indication of a phase offset between panels (or SRS
groups) which may be transmitted from an eNB for an uplink transmission. The phase offset may

be signaled via higher layer signaling (e.g., RRC signaling).

[0178] In an exemplary embodiment, a WTRU may transmit a sounding reference signals
(SRS) which may be precoded with a precoding vector/matrix computed, determined, or used by
the WTRU or with a precoding matrix configured, indicated, or determined by a central controller

(e.g., eNB).

[0179] The precoding vector/matrix may be composed of multiplication of sub-matrices (or
sub-component matrices) including a precoding matrix used for digital beamforming, and/or a

precoding matrix used for analog beamforming, etc.

[0180] The precoding vector/matrix determined by WTRU for SRS transmission may be

indicated to an eNB. The indication may be transmitted via an uplink control signal.

[0181] In another embodiment, one or more SRS may be transmitted by the WTRU. The
antennas used to transmit a SRS may belong to one panel or more than one panel. In an example,

antennas on only one panel may be virtualized to an SRS port (or a set of SRS ports); while in
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another solution, antennas on different panels may be virtualized to the SRS port (or set of SRS

ports).

[0182] The WTRU may compute or determine a precoding matrix for uplink transmission
using the signals transmitted in the downlink. The matrix used to precode an SRS may be
completely determined by the WTRU based on downlink signals, e.g. downlink reference signals,

or it may partially be determined by the WTRU and partially by the eNB.

[0183] The SRS may be non-precoded and one SRS may be transmitted from the antennas on

a single panel.

[0184] The SRS may be non-precoded and one SRS may be transmitted from the antennas on

a group of panels where a group may consist of more than one panel.

[0185] A phase vector/matrix may be determined by the eNB and transmitted from the eNB to

the WTRU that may be used to co-phase the transmissions from different groups of panels.

[0186] The SRS may be precoded where the precoding matrix may be based on analog
beamforming and create a wide beam where one beam may be transmitted form the antennas on a

single panel.

[0187] The SRS may be precoded where the precoding matrix may be based on analog
beamforming and create a wide beam where one beam may be transmitted from the antennas on a

group of panels where a group may consist of more than one panel.

[0188] The SRS may be precoded where the precoding matrix may be based on a combination
of analog and digital beamforming, and one beam may be transmitted form the antennas on a single

panel.

[0189] The SRS may be precoded where the precoding matrix may be based on a combination
of analog and digital beamforming, and one beam may be transmitted form the antennas on a group

of panels where a group may consist of more than one panel

[0190] In some embodiments, the channel reciprocity may also be used to determine
beamforming matrices for UL data transmission based on beamforming matrices used for the

reception of downlink data reception.

[0191] In one example, the data to be transmitted in the uplink direction may be precoded with

the beamforming matrix that is used at the receiver to receive the downlink transmission. The same

antenna to antenna port virtualization applied for the receiver may be used for the transmitter. For

example, if one beam per multiple panels are used as a receive beam, the same beam transmitted

from the same panels may be used for uplink transmission. If multiple beams per different groups
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of panels are used as the receive beams, the same beams transmitted from the same groups of

panels may be used for uplink transmission.

[0192] In another example, the widths of the beams generated at the WTRU to receive (using
receive beamforming) and transmit (using transmit beamforming) may be different due to the
differences in the transmit and receive hardware. For example, transmit beams may be wider than
receive beams. In this case, the beam used for uplink data and/or SRS transmission may be derived
based on the downlink beam used for data reception. For example, the UL beam may be a beam

in the same direction as the DL beam, but with wider beamwidth.

SUMU-MIMO Schemes.
[0193] In an exemplary embodiment, an eNB may configure precoded CSI-RS signals to form
multiple beams and the WTRUSs report the CSL

[0194] In some such embodiments, a beam may be transmitted from one panel. A WTRU may
report to the eNB the beam index for the beams that have the best channels. The number of best
channels to report could be determined by the eNB and sent to the WTRU as configuration, and it
could be one or two or more. The metric on the channel quality may be the capacity of the channel
or the rank of the channel. This information may be used by the eNB to select the panels for the

WTRUs.

[0195] In other such embodiments, a beam may be transmitted from more than one panel. The
behavior of the WTRU and the eNB may be the same as that in the previous case. This may offer
higher beamforming capability for the transmission from the eNB to the WTRU, which may be
beneficial in supporting ultra-reliability communication. A WTRU may report the beam index to
the eNB, and the eNB may use such information from all the WTRUs in determining the panel

selection.

[0196] Further embodiments employ a mixture of the above two schemes. Among all the
beams, at least one beam is transmitted from one panel, and at least another beam is transmitted

from multiple panels.

[0197] In the above embodiments, a panel may be used possibly together with other panels to

transmit multiple beams.

[0198] A beam index / may be associated with a number of parameters: I=g(p, i, k, M), where
p indicates the panels used for the transmission of the CSI-RS signal, for example, indicated by
the panel selection vector/matrix Wy in Table 2, i may indicate the subbands, k may indicate the

resource elements, and M may be the index of a precoding matrix.
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[0199] Alternatively, the eNB may transmit CSI-RS signals that are not precoded. One or more

panels may be used for the transmissions. In this case, each WTRU measures and estimates the
channel, and finds the dominant eigendirections of the channel and reports that information back
to the eNB. The eigendirections may be quantized by using a DFT based codebook or a
Grassmanian based codebook, and the codewords of the dominant eigendirections may be fed back
to the eNB. Since a CSI-RS signal may be transmitted from one panel or a collection of panels, an
index such as the panel selection vector/matrix Wy in Table 2 may be used to indicate this. This
information is fed back to the eNB as well. The eNB may form beams according to the reported
eigendirections from the WTRUs, for example, a beam that matches the strongest eigendirection

of the channel of a WTRU.

[0200] The eNB may restrict the panels of which a WTRU reports the CSI which may include
PMI, RI, or CQIL This may significantly reduce the CSI feedback overhead. The restriction may
be applied according to one of the following approaches. On a per-WTRU basis, a restriction is
applied to a WTRU individually. Each panel or collection of panels may have an index, which
may correspond to the panel selection vector/matrix Wy defined in Table 2. The panels of which
WTRUSs report CSI may be disjoint. For example, the eNB may ask WTRU 1 to report about panel
3, and WTRU 2 to report about panel 1 and panel 2. On a per-group basis, a restriction is applied
to a group of WTRUs. The eNB may ask a group of WTRUs to report the CSI of a particular panel
or a collection of panels. The grouping may be based on the location/direction information of the
WTRUs. For example, WTRUs in a similar direction relative to the eNB may be assigned to the

same group.

[0201] The CSI restriction may be configured by the eNB and sent to the WTRUs over a
control channel. In the case of WTRU-based CSI reporting restriction, the eNB sends the
restriction on a per-WTRU basis. In the case of group-based CSI reporting restriction, the eNB
may configure all WTRUs in a group to receive the CSI reporting restriction on a common set of
time-frequency resource, e.g., multicasting the restriction to all the WTRUs in a group, and this

could significantly reduce the amount of resource used for control purposes.

[0202] The restriction may be based on the need of the high-level scheduling, that is, which
panels would be potentially used for transmissions to a particular WTRU or a subset of WTRUs.

[0203] The eNB may determine the precoding matrices based on the CSI feedback from the
WTRUs such that the mutual interference among the WTRUs is minimized. For example, if the
strongest eigendirections for WTRU 1 are v4, V,, and that for WTRU 2 are u; and u,. The eNB
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may choose u; and u; such that (i,j) = argmin |vH u,, |, where 7 stands for transport conjugate,
m=1,2; n=1,2

and determine the precoding matrix accordingly.

[0204] It may be desirable in some instances to switch between SU-MIMO and MU-MIMO,
and it may be desirable to reconfigure the number of the number of panels and/or TXRUs for a
WTRU in satisfying quality of service (QoS) requirements from the applications. For example, if
the traffic is of URLLC type, it may be reasonable to assign dedicated time-frequency resources
to the WTRU involved to minimize interferences from transmissions intended for other WTRU,
such that the time-frequency is used in an SU-MIMO mode; also, the number of panels and/or
TXRUs to be used for that WTRU may increase. In another example, if there are many WTRUs,
all of which require moderate throughput and reliability, a certain amount of time-frequency
resource may be allocated to them and the transmissions may be in the MU-MIMO mode; also the
number of panels used for a WTRU may be reduced to 1. A criterion may be used to determine
when the switching takes place, and the criterion may depend on the QoS satisfaction that has been
achieved and the priority of the traffic flows/users, and the decision may come from the upper
layer. The following shows an example of the decision on the switching:
Determine the traffic flow with the highest priority, let the flow ID be j, and the WTRU receiving
flow j be a(j)
if (delay_of flow_j > delay_requirement_j) or (latency_of flow_j > latency_requirement_j)
then

decrease the number of users assigned to the resources being used by WTRU a(j)

increase the number of panels for WTRU a(j)
else

increase the number of users assigned to the resources being used by WTRU a(j)

decrease the number of panels and/or TXRUs for WTRU a(j)
end

[0205] The configuration on the switching may be sent from the eNB to the WTRU through

the downlink control channel.

Multi Component Precoder with Hybrid Beamforming.

[02006] In hybrid beamforming, a combination of analog and digital beamforming may be used.
A multi-component hybrid beamforming precoding structure may be used for a massive antenna
configuration. In this case, the composite digital precoder discussed earlier may be combined with

a composite analog precoder.
[0207] In an exemplary embodiment, the precoder that modifies the data may be set as

Whara = fa(Wnar WTWRSVVC)
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where the function to determine or construct the composite hybrid precoder may be configured,
used, determined, predetermined or selected based on the same or similar parameters or factors as
the composite digital precoder discussed above, such as (i) the transmission scheme used,
configured or determined; (ii) the MIMO mode of operation used, configured or determined; (iii)
the operating frequency band; (iv) the number of panels configured, used or determined in the

massive antenna configuration.

[0208] Note that in this embodiment, the composite digital precoder becomes a component of
the hybrid analog-digital precoder and the composite digital precoder function, f, may be a
function of the hybrid function, f,. As an example, in one method, the hybrid function may be

fixed and then the composite digital precoder estimated based on an independent function.

[0209] W, may be set as the analog extension matrix for multi-panel precoding in the analog
domain wherein the analog extension matrix may be interchangeably used with panel selection
vector/matrix, panel co-phasing vector/matrix, and panel selection precoder, panel co-phasing

precoder but still consistent with an embodiment.

[0210] Wy may be set as the analog precoder between the TXRU to the antenna elements
within a panel while Wy may be set as the precoder between the CSI-RS port the the TXRU. For
no-precoder CSI-RSs, Wi is equal to the identity matrix, while for beamformed CSI-RSs, Wy is
equal to a zero vector with 1 in the positon of the selected beam(s). W, is the component digital

precoder previously described.

[0211] For hybrid beamforming, CSI at the transmitter may make use of knowledge of all the
elements of Wp,r, at the transmitter. This knowledge may be acquired by a mixture of
configuration settings and feedback where the feedback may be explicit or implicit. Explicit
feedback may include at least one of following: (i) a numerical representation of the element e.g.
quantized versions of each vector/matrix; (i1) a compressed representation of the element e.g.
quantized and compressed versions each vector/matrix or time/frequency differential versions of
each vector/matrix. Implicit feedback may include at least one of following: (1) a CQI/PMI/RI
representation of the element; (i1) a metric tied to a specific instance of the element e.g. the SNR
or RSSI and index of each vector matrix to enable the eNB/TRP identify the performance of a

specific instance.

[0212] In hybrid beamforming, Wp 474, may be found by a two-stage procedure. In first stage
of the procedure, the network may set W,,, (the multi-panel analog combining method) and Wiy
(the CSI-RS type). The WTRU may then find the best analog beamformer, Wy, based on the
parameters determined in the first stage. The WTRU feeds back W to the base station or
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eNB/TRP. This may be a single index (the best eNB beam) or a series of indices (the best-N beams

or the quality of the link with a specific beam). In the second stage of the procedure, the eNB/TRP
fixes Wy, and may then request the WTRU to estimate W, and feed back the components of W, as

discussed further below.
[0213] In another embodiment, the precoder that modifies the data may be set as
Wpara = f (Wo, WrWrsWe)

This embodiment may assume independent analog precoding for each panel with all panel

combination occurring at the component digital precoder.

CSI Feedback with Multi-Component Precoder.

CSI Reporting Types and Procedures.
[0214] In hybrid beamforming, Wy 414, is may be found, constructed, or generated by a two-
stage procedure. In a first stage of the procedure, the network sets the analog precoder. The
network may set W, (the multi-panel analog combining method) and Wy (the CSI-RS type). This
may be dynamically signaled to the WTRU in a downlink control channel (a dedicated or shared
control channel) or may be semi-statically set in the system parameters (for example by the

broadcast channel).

[0215] The WTRU may then find the best analog beamformer, W, based on the parameters
set in the first stage. The WTRU may then feed back a representation of Wy to the base station or
eNB/TRP. The precoder, Wy, may be derived from a predetermined beam set (an analog beam
codebook) or a family of predetermined beam sets (an analog beam codebook family to allow for
changing the resolution of the beams). The precoder, W, may be implementation specific with
the TRP/eNB defining the analog beams as it sees fit. In this case, the TRP/eNB may signal the
number of beams and/or index of beams during the beam discovery procedure to enable the WTRU

identify the best beam(s).

[0216] The WTRU may then feed back information on Wr. In one solution, the WTRU may
feed back information on a single beam. Feedback may include but not be limited to the following:
(1) beam identification information such as the beam index, panel index, and/or beam direction of
arrival; (1) beam timing information such as the time-slot in which the beam was measured or the
relative delay of each beam measurement with respect to the first energy arrival in the case of a
time domain measurement; (ii1) beam quality information such as the quality of the beam measured
by the metrics such as the SNR, or RSSI. The single beam may be the beam the WTRU desires
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(the best beam). Alternatively, the single beam may be the worst beam (the beam the WTRU

desires least to assist in MU-MIMO transmission).

[0217] In one embodiment, the WTRU may feed back information on all or a subset of beams.
The feedback elements may be similar to the feedback elements identified in for the single beam.
In this case, this allows the eNB/TRP to (a) select the best beam(s) for transmission or (b) enable
optimal transmission with any selected beam. Analog beamforming may be performed across each
component carrier/frequency band for each independent polarization. Alternatively, a single
analog beamformer may be used for the entire WTRU for a reduction in complexity, although this
may be at some cost to performance. In both cases, the additional digital precoding may be used
to recover some of the performance loss that may be seen when compared with pure digital
precoding. Typically, W feedback may occur based on the analog beam discovery procedure
timing. This may be periodic or aperiodic but is typically at a much larger interval than the timing

required for the digital precoding feedback.

[0218] In the second stage of the procedure, the eNB/TRP fixes W,,, (the multi-panel analog
combining method), Wxs (the CSI-RS type) and Wy (the analog beamformer), and may then
request the WTRU to estimate W, and feed back elements identifying W,.

[0219] As W, (k) is a function of both W,,(k) and W, (k), both the WTRU and eNB/TRP are
equipped with information on the function to be used in constructing the composite precoder. The
WTRU uses this information to enable proper estimation of the composite precoder, and the eNB
uses this information to enable it to send the proper beam or common reference signals. The
function (or set of functions) may be determined, configured, or predefined by the network in a
static, semi-static, or dynamic manner. The function (or set of functions) may be determined,
configured, or predefined autonomously by the WTRU in a static, semi-static, or dynamic manner.
For WTRU-defined modes, the WTRU may feed back the function to be used on a dedicated
feedback channel, by a request on the RACH channel, or any other uplink control channel. The

function may be indicated by a predefined index.

[0220] The network may set W,,(k) (the digital multi-panel composite combining method).
Alternatively, each WTRU may autonomously define specific values of W, (k) and request the
network to send measurement information for that specific value. Feedback for W, (k) may be as

follows.

[0221] In one method, the WTRU may immediately feed back the components of W_.(k) once
a measurement packet is received. As both the eNB/TRP and WTRU know W, (k), there is no
need to feed this back. As such, the WTRU may feed back a representation (e.g. an index or an
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explicit number) that identifies W, (k) as a single feedback element or feeds back representations

of its components (W, (k) and W7 (k)).

[0222] In one method, the WTRU may feed back W,,(k) in addition to W, (k). This may occur
to provide the WTRU with the flexibility of feeding back the information at different times or the
eNB may send multiple measurement frames with different values of W, (k). In this case, the
feedback may signal W}, (k) and then all elements of W,.(k). Alternatively, the feedback may signal
W, (k), for each value of W_(k). Alternatively, the feedback may signal elements of W_.(k)
common to all W, (k) and then feedback W,,(k) and the corresponding elements of W_.(k) specific
to individual value of W, (k). In a simple example, W, (k) may signal the panel in a panel selection
vector/matrix, indicating that the subsequent feedback is for a single panel. This enables explicit
panel selection and panel specific CSI reporting. In a simple example, W, (k) may signal the
effective co-phased panels in a co-phasing implementation indicating the subsequent feedback is

for the specific co-phased panels.

[0223] For open loop and semi-open-loop transmission schemes, the feedback
representing W, (k) may be an index representing a codeword in a codebook representing a
predefined or configured set of vectors/matrices with each index representing the feedback for a
specific resource index. Alternatively, the feedback representing W, (k) may be a quantized angle,
8, from which a phase shift vector/matrix may be constructed. Note that in the case where the
phase shift vector elements are not related, each element in the phase shift vector may be fed back

independently (e.g., 8y, 84, 8,,and 63 in a four-element vector).

[0224] For closed loop MIMO schemes, feedback may involve identifying the combining
function to be used in the case that W, (k) is constructed from a set of sub-components. This may
be determined, configured, or predefined by the network or autonomously by the WTRU.
Feedback may further involve identifying the sub-component precoder methods to be used in the
case that W,,(k) is constructed from a set of sub-components. This may be determined, configured,
or predefined by the network or autonomously by the WTRU. Feedback may further involve
feeding back the sub-component values of W,1(k) and W,2(k) as needed. In some embodiments,
the feedback may be an index representing a codeword in a codebook. In some embodiments, the
feedback may be an index identifying a column in a column selection vector. In some
embodiments, the feedback may be an index representing a codeword identifying a long term
and/or wideband based precoder. In some embodiments, the feedback may be a
compressed/uncompressed quantized data stream identifying a long term and wideband based

precoder or a short-term and sub-band based precoder. In some embodiments, the feedback may
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be a time or frequency differential data stream identifying a long term and wideband based
precoder or a short-term and sub-band based precoder. In some embodiments, the feedback may
be an index identifying panels in the vertical and horizontal domain. Feed back of W}, (k) may be
requested by the eNB/TRP or initiated by the WTRU. It may be periodic or aperiodic and may

occur at a different timing from the other elements in the multi-component feedback framework.

[0225] At the sub-component precoder level, it may be desirable to provide information
identifying the combining functions f;(,), f2(,), and f3(,) to enable the WTRU to estimate the
proper values of the components W' (k) and sz (k). In some embodiments, the function (or set
of functions) may be determined, configured, or predefined by the network or autonomously by
the WTRU in a static, semi-static, or dynamic manner. In some embodiments, the feedback Wp1 (k)
and/or sz (k) may be based on implicit feedback represented by a PMI from a vector/matrix
codebook representing wideband and longterm feedback or sub-band and short term feedback.
Additional channel quality information such as an SNR, an SINR, or an RSSI as well as a rank
may also be fed back. In some embodiments, information identifying the feedback component,
type and function for example f;(,), /2( ), f(), Wi, Wi (k), Wy (k), and W, (k) may also be fed
back. The WTRU may also feed back assumptions used in creating the composite feedback (both
analog and digital) for example (W,,,, Wrs and W;). In some embodiments, the feedback Wp1 (k)
and/or sz (k) may be transmitted in an aperiodic or periodic manner. In some embodiments, for
MU-MIMO, feedback that identifies the best or worst PMI for I/I/p1 (k) and/or sz (k) may also be
enabled. In some embodiments, W, (k) and/or W, (k) may be fed back in an explicit manner
without any assumption of a Tx/Rx multi-antenna scheme. Examples may include quantized and
compressed/uncompressed channel coefficients, channel covariance vectors/matrices, or dominant
eigenvectors. In some embodiments, the component feedback may be a hybrid of implicit and
explicit feedback. In one example, the long term information may be sent back implicitly and the
short term information may be sent back as an explicit difference from the long term information.
This example allows for high accuracy with low overhead due to the fact that the differential

information may be small.

[0226] An exemplary two-stage procedure with feedback is shown in FIG. 8, with the feedback

shown with underlining.

UL Channel for CSI Reporting.
[0227] A WTRU may feedback the results of panel selection report(s) to assist eNB or TRP
for beamforming. A WTRU may select the best K panels according to the measured signal or

channel quality via reference signals. Alternatively, a WTRU may use a threshold to select the
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panels. When the signal or channel qualities of the panels exceed the threshold, the panels are
selected. Once the panel is selected, WTRU may report the result of selected panel as well as the
associated CSI feedback such as RI, CQI and PMI as well as CRI. Since eNB or TRP may use the
panels that are selected and reported by WTRU, the importance of the report panel is high priority.
If the reported panel is not correct, the corresponding RI, PMI and CQI will be wrong since they

are based on the selected panel.

[0228] To avoid such errors, in exemplary embodiments, uplink control channel is configured
such that a high level of protection is given to the panel report. When panel selection and CSI are
fed back simultaneously, one option is to use PUCCH to carry such control information. Another
option is to use PUSCH or multiplex uplink control information with data using PUSCH. The
panel selection report may be placed nearby or adjacent to reference signal for enhanced channel
estimation performance. When uplink control information is multiplexed with UL-SCH data using
PUSCH, the coded panel selection report may be placed next to the HARQ ACK/NACK symbol

position.

[0229] In the embodiment shown in FIG. 9, PMI/CQI resources 902 are placed at the
beginning of UL-SCH data resources and mapped sequentially to all symbols on one subcarrier
before continuing on to the next subcarrier. The UL-SCH data is rate-matched around PMI/CQI
data. The same modulation order as UL-SCH data on PUSCH 904 may be used for PMI/CQI 902.

[0230] The HARQ ACK/NACK resources 906 are placed next to resource elements by
puncturing the UL-SCH PUSCH data 904. Positions next to the RS are used to benefit from the
best possible channel estimation. The coded panel selection report or panel indicator (PI) 908 are
placed next to the HARQ ACK/NACK symbol positions 906. This may be irrespective of whether
ACK/NACK is actually present in a given subframe. RI 910 may be placed next to the PI symbol
positions 908. The coding of PI and RI as well as PMI/CQI may be separate. UL-SCH data may
be rate matched around the PI and RI Res. This is similarly to the case of PMI/CQIL

[0231] Another example is shown in FIG. 10. In the embodiment of FIG. 10, positions next to
the RS are used to benefit from the best possible channel estimation. The coded panel selection
report or panel indicator (PI) are placed next to the RS symbol positions, similar to HARQ
ACK/NACK. This may be irrespective of whether ACK/NACK is actually present in a given
subframe. RI may be placed next to the PFACK/NACK symbol positions. Similarly, the coding
of PI and RI as well as PMI/CQI may be separate. UL-SCH data may be rate matched around the
PI/RI and PMI/CQI RE:s.
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[0232] In a further embodiment a panel indicator may also be indicated implicitly. In one
example of this each panel may use a unique PUSCH RS configuration which can be used to
identify the panel in use. Examples of this are shown in FIGs. 10 and 11. Other types of RS
definitions may be used for this implicit indication. For example, there could be a panel specific
DMRS specification which may be used in addition to the PUSCH RS and may also indicate the

panel.

[0233] FIG. 12 is a flowchart of a method 1200 of using measurement reference signals (RS)
to receive data. Method 1200 may be performed at a WTRU.

[0234] At 1202, a configuration of a plurality of reference signal (RS) resources is received.

[0235] At 1204, information is received identifying a quasi-collocation (QCL) type for a
subset of the RS resources, where the subset of the RS resources includes a first RS resource and

a second RS resource.

[0236] At 1206, an indication is to use the first RS resource for demodulation of a downlink

(DL) data transmission is received.

[0237] At 1208, a first set of QCL parameters associated with the identified QCL type is

measured by measuring reference signals from the subset of RS resources.

[0238] At 1210, a second set of QCL parameters which are not in the first set of QCL

parameters is measured by measuring reference signals from the first RS resource.
[0239] At 1212, the DL data is demodulated using the first and second sets of QCL parameters.

[0240] In an embodiment, at least one QCL type indicates full QCL of RS resources, a second
QCL type indicates partial QCL of RS resources, and QCL parameters corresponding to partial
QCL of RS resources are a subset of the QCL parameters corresponding to full QCL of RS

resources.

[0241] In an embodiment, the QCL parameters corresponding to full QCL of RS resources
include one or more of delay spread, Doppler spread, frequency shift, average received power,

received timing, and beam index.

[0242] In an embodiment, the first or second set of QCL parameters is at least one of an empty

set, a subset of the QCL parameters for full QCL, and all of the parameters for full QCL.

[0243] FIG. 13 is a flowchart of a method 1300 of configuring a transmitter and/or antenna
system based on feedback from a WTRU. Method 1300 may be performed at a transmitter.
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[0244] At 1302, reference signals are transmitted from multiple ports of an antenna system,
such as described in one or more examples herein. The transmitting may include transmitting beam
measurement reference signals from a group of antennas. The reference signal transmissions may

be multiplexed in time and beamformed in different directions.

[0245] At 1304, feedback is received from a WTRU regarding the reference signals, such as
described in one or more examples herein. The WTRU may, for example, be configured to measure

the reference signals and feedback information regarding a preferred direction.

[0246] At 1306, the transmitter and/or antenna system is configured based on the feedback.
The configuring may include constructing and/or configuring a precoder, such as described in one

or more examples herein.

[0247] 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
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 may be
used to implement a radio frequency transceiver for use in a WTRU, UE, terminal, base station,

RNC, or any host computer.
[0248] Additional Examples are provided below.

[0249] An Example 1 is a method that includes constructing a composite precoder (W,) using

a function f (W, W,), where (W,,) is an extension matrix and (WW},) is a panel-specific precoder.

[0250] In an Example 2, the function f(W;, W,) is determined based on a transmission

scheme.

[0251] In an Example 3, the function f(W;, W,) is determined based on a MIMO operation

mode.

[0252] In an Example 4, the function f(W,, W,) is determined based on an operating

frequency band.

[0253] In an Example 5, the function f(W,, W,) is determined based on a massive antenna

configuration.
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[0254] In an Example 6, the panel-specific precoder W, includes a plurality of component

precoders.

[0255] In an Example 7, a first component precoder of W, is a component precoder for a

wideband beam group reporting.

[0256] In an Example 8, a second component precoder of W, is a component precoder for a

subband beam selection and co-phasing of polarized antenna ports.

[0257] An Example 9 is a method that includes configuring an antenna panel for use with a

channel state information reference signal (CSI-RS).

[0258] In an Example 10, The method of claim 9, wherein a CSI-RS is configured for each

panel in a multi-panel system.

[0259] In an Example 11, a CSI-RS configuration includes at least one of’
one or more CSI-RS reuse patterns;
a transmission power of the CSI-RS configuration;
an indication of zero power or non-zero power;
a duty cycle of one or more of the CSI-RS reuse patterns; and
a timing offset of one or more of the CSI-RS reuse patterns.

[0260] In an Example 12, a CSI-RS configuration is defined as non-precoded CSI-RS or
beamformed CSI-RS.

[0261] An Example 13 is a method that includes:

transmitting beam measurement reference signals from a group of
antennas where the reference signal transmissions may be

multiplexed in time and beamformed in different directions; and

operating a WTRU to measure the reference signals and feedback

information regarding a preferred direction.

[0262] An Example 14 is a method that includes transmitting a non-precoded CSI-RS may be
transmitted from antennas of different panels such that antennas on different panels are virtualized

to a common CSI-RS.

[0263] An Example 15 is a method that includes transmitting a non-precoded CSI-RS from

the antennas of one panel when the panels do not satisfy the condition of being co-located, where
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non-precoded CSI-RSs from separate panels are multiplexed in time and/or frequency and/or code

domains.

[0264] An Example 16 is a method that includes configuring one or more quasi-collocation
(QCL) types for one or more CSI-RS configurations, where QCL indicates whether two or more
of CSI-RS configurations (or CSI-RSs) are quasi-collocated (or assumed to be the same) in terms
of at least one of delay spread, Doppler spread, frequency shift, average received power, received

timing, and beam index.

[0265] In an Example 17, a QCL type indicates whether full or partial QCL parameters are
QCL-ed or non-QCL-ed, where if a QCL parameter is QCL-ed it has the same received signal
characteristics for the QCL parameters and if a QCL parameter is non-QCL-ed there is a difference

in received signal characteristics for the QCL parameters.

[0266] An Example 18 is a method that includes configuring a composite precoder W, as W, =
W,,®W,,, where & is a Kronencker product, W, is a Na x 1 vector, and W, is a Np x R precoding

vector/matrix associated with a panel.

[0267] In an Example 19, for each panel a wireless transmit/receive unit (WTRU) may

determine Wp based on a representative CSI-RS configuration.
[0268] In an Example 20, the representative CSI-RS configuration is indicated by a gNB.

[0269] In an Example 21, the representative CSI-RS configuration is autonomously

determined by the user equipment.

[0270] In an Example 22, the user equipment determines Wp to maximize CQI of a composite

precoder.

[0271] An Example 23 is a method that includes configuring a composite precoder W, as
We(k, i) = W, (k)W, (i), where Wy, (k) is an Nt x Np matrix and W, () is an Np x R vector/matrix.

[0272] An Example 24 is a method that includes configuring a composite precoder W, as a
sparse matrix W, = W,®W, wherein ® , W}, and W, are Kronencker product, Na x 1 panel

selection sparse vector and Np x R antenna selection sparse matrix.

[0273] An Example 25 is a method that includes configuring a composite precoder W, as

VVC = 2?1;11 an®ij7

where ® , Wy,; and W,; are Kronencker product, Na x 1 panel

selection sparse vector, and Np x R antenna selection sparse matrix.
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[0274] An Example 26 is a method that includes configuring a composite precoder Wc as

W, = Wn®(Wp1 : sz), where ® is a Kronencker product.

X18X, 0 )or W;lz _ <X1®X2 X18X, )

1 _
[0275] In an Example 27, Wp = < 0 X,QX, X;0X, —X;®X,

[0276] In an Example 28, X; is a NyXL; matrix with L; column vectors being an 04

. . T
2l Jj2rm(N1—1)1
oversampled DFT vector of length Ny: v, = [ e,\l,lzl eT}h]

[0277] In an Example 29, X, is a NyXL, matrix with L, column vectors being an O,

jeml J2r(Np—1)l T
eNZ 0y ces e N0,

oversampled DFT vector of length N,: v; = [1

[0278] In an Example 30, N; and N, are the numbers of antenna ports per pol in a first and
second dimension.

s
[0279] In an Example 31, Wf, = [ aslz]’ s1 and s, are column selection vectors, and « is a co-

phasing element based on a complex number.

17 10 0 17 10 0
[0280] In an Example 32, 54 € [0] s [1] L, [0] ,S2 € [0] s [1] L, [0] ,and s; and s,
0! Lo 1 0! Lo 1

are a linear combination of column vectors in Wll,.

[0281] In an Example 33, a first frequency granularity is used for Wll, , a second frequency

granularity is used for Wf,, and a third frequency granularity is used for W,.

[0282] In an Example 34, the first frequency granularity is equal to or larger than the third

frequency granularity.

[0283] In an Example 35, the second frequency granularity is equal to or smaller than the third

frequency granularity.

[0284] In an Example 26, for each of a plurality of panels, a panel p is associated with a CSI-
RS configuration.

[0285] In an Example 37, for each of a plurality of panels, a panel p is associated with a subset

of antenna ports in a CSI-RS configuration.

[0286] An Example 38 is a method that includes configuring a composite precoder using one
or more of individual panel-specific precoder W,;, where 1 is a panel index (or CSI-RS

configuration index), 1=1,...,Na.
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[0287] In an Example 39, the composite precoder is configured as W, =

[Wp,1[Why2| -+ [Wp nal , where ‘| represents stacking one or more panel-specific precoders Wy, ;

such that

Wy

Wp,2

W, = [Wp,llwp,Zl |Wp,Na] =
Wp,Na

[0288] In an Example 40, a stacking of panel-specific precoders is configured as W, =
diag[Cp1 Cp2 - Cpnal - Wy, where Gy, is a precoding vector associated with a panel [ without
co-phasing across panels, diag| ] is a block diagonalization of the panel-specific precoders, and

W, is a Na x 1 co-phasing vector across panels.

[0289] In an Example 41, after co-phasing across panels, each panel-specific precoder is

expressed as Wy, ;.
[0290] In an Example 42, the co-phasing across panels is reported as W), ;

[0291] In an Example 43, the co-phasing across panels is reported separately as W,, with panel-

specific precoder Cp;

0292 In an Example 44, each of W,; has a same precoding structure with component
p P,

precoders W, and W7,
[0293] In an Example 45, W, is common for all panels.

[0294] In an Example 46, a user equipment reports a single W, for all panels and the user

equipment reports sz, ; for each panel.

[0295]  In an Example 47, W, is panel-specific.

[0296] In an Example 48, a user equipment reports Wpll ; and sz, ; for each panel.
[0297] In an Example 49, W, is reported with a same frequency granularity with Wpl.
[0298] In an Example 50, W, is reported with a same frequency granularity with sz.

[0299] In an Example 51, a frequency granularity of W, is determined based on at least one

of’

an indication in an associated DL control information which is used

to trigger aperiodic or semi-persistent CSI reporting;
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anumber of panels or a number of CSI-RS configurations associated

with a composite precoder;
a frequency band used; and
a CSI reporting setting used.

[0300]  In an Example 52, use of a panel common W, or a panel-specific W, is determined
based on at least one of

an antenna calibration status across panels, wherein the antenna

calibration status is indicated as QCL, such that if predefined QCL

parameters are QCL-ed across panels or across CSI-RS

configurations, a panel common W)} is used, and otherwise a panel-

specific W, is used;
a dynamic indication when CSI reporting is triggered; and
a higher layer signaling indicating which type of W, is used.

[0301] In an Example 53, Cp,l is determined based on its associated CSI-RS configuration,
and Na CSI-RS configurations are used for a CSI reporting for a composite codebook.

[0302] An Example 54 is a method that includes a user equipment selecting one of a first

composite precoder structure W, = [Wy,1|Wy 5| - |Wp na] and a second composite precoder

structure W, = W;,®W,, based on a QCL type or status.

[0303] In an Example 55, the second composite precoder structure is selected if all CSI-RS
configurations are QCL-ed for a predefined set of QCL parameters.

[0304] In an Example 56, the predefined set of QCL parameters includes a QCL type

predefined or a subset of QCL parameters.

[0305] In an Example 57, the first composite precoder structure is selected if not all CSI-RS
configurations are QCL-ed for a predefined set of QCL parameters.

[0306] In an Example 58, the predefined set of QCL parameters comprises a QCL type
predefined or a subset of QCL parameters.
[0307] In an Example 39, the first composite precoder uses individual reporting of W, for each

panel and the second composite precoder uses common reporting of W, for all panels.

[0308] An Example 60 is a method that includes transmitting an RF signal using a precoder

configured according to a method of any of Examples 1-59.
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[0309]

[0310]

[0311]

[0312]
We.

[0313]

An Example 61 is a method that includes:

transmitting a first signal from one or more of ports of a multiple
port antenna system, wherein each port corresponds to a respective

set of one or more radiation elements of the antenna system;

receiving feedback from a receiver of the first signal, wherein the
feedback relates to channel state information (CSI) of the one or

more of the ports;

precoding a second signal based on the feedback; and

transmitting the pre-coded second signal from the antenna system.
In an Example 62, the first signal includes one or more of’

a reuse pattern;

an indication of transmission power;

an indication of a duty cycle of the reuse pattern; and

an indication of a timing offset of the reuse pattern.
In an Example 63, the precoding includes:

precoding the second signal based further on a composite precoder
Woec that is a function of a port selector matrix Wn and a port-specific

precoder Wp.

In an Example 64, the precoding includes dynamically configuring composite precoder

In an Example 65, the port-specific precoder Wp is a function of first and second

component precoders, the first component precoder is configured for wideband beam group

reporting, and the second component precoder is configured for sub-band beam selection and co-

phasing of polarized ports.

[0314]

In an Example 66:
the composite precoder W, is equal to W,, @ W,
& represents a Kronecker product,

— . 2
W, = Wy - Wy,

W1 is one of

; <X1®X2 0 )and <X1®X2 X10X, ))

0 X1®X2 X1®X2 _X1®X2
-53-



WO 2018/031807 PCT/US2017/046350
X; 1s a N;XL; matrix with L; column vectors being an 0O,
oversampled DFT vector of  length N;: v =

T

2

[ jeml ]'27T(N1—1)l]
1 eN101 e e N101

X, is a N,XL, matrix with L, column vectors being an O,

oversampled DFT vector of  length N,: v =
T

2

[ jeml j27T(N2—1)l]
1 eN20z e e N20;

N; is a number of antenna ports per pol in a first dimension; and
N, is a number of antenna ports per pol in a second dimension.

[0315] In an Example 67:

[/sz = [;;2]’

s41 and s, are respective column selection vectors, and

«a is a co-phasing element based on a complex number.

[0316] In an Example 68:

17 107 107
sy € 0 , 1 0 and
ol lo]  li
17 107 0
s, € o 1 .. |0
0 0 1
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[0317] In an Example 69:

s
2 |71

Wi = |y, ] and

s1 and s, are a linear combination of column vectors in W),

[0318] In an Example 70, the precoding further includes:

using a first frequency granularity for Wll, and a second frequency
granularity for Wf,, wherein the first and second frequency

granularities differ from one another.
[0319] In an Example 71:

the port selector matrix Wn is a function of a first sub-component

precoder W,land a second sub-component precoder W,?;

the first sub-component precoder W,! is configured to determine a

subset co-phasing vectors; and

the second sub-component precoder W,? is configured to determine
a co-phasing vector within the subset of co-phasing vectors

determined by first sub-component precoder W,!.

[0320] In an Example 72, W,! includes a subset of an oversampled DFT matrix, a grassmanian

based codebook, and a codebook.

[0321] In an Example 73, W2 includes a column selection vector.

[0322] In an Example 74:
W, is configured as a long-term, wideband based precoder; and
W2 is configured as a short-term, sub-band based precoder.

[0323] In an Example 75, the function of Example 63 is based on one or more of a transmission
scheme, a transmission frequency band, a loop mode of operation, and a number of ports of the

antenna system.

[0324] In an Example 76:
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the transmitting includes transmitting beam measurement reference
signals from a group of ports, multiplexing the beam measurement
reference signal transmissions in time, and beamforming the beam
measurement reference signal transmissions in multiple directions;

and

the receiving includes receiving feedback from the receiver

indicative of a preferred one of the directions.
[0325] In an Example 77:
the antenna system includes multiple panels of radiation elements;

the transmitting includes transmitting the first signal from one or

more ports of a first one of the panels;

the receiving includes receiving feedback from the receiver

regarding CSI of the first panel; and

the precoding includes utilizing the feedback regarding CSI of the
first panel as feedback regarding CSI of a second one of the panels,
if a distance between the first and second panels is less than a

threshold distance
[0326] In an Example 78:

the receiving further includes receiving feedback regarding one or
more of delay spread, Doppler spread, frequency shift, average
received power, received timing (time of arrival?), and beam index

of the first panel; and

the utilizing includes utilizing the feedback regarding the one or
more of delay spread, Doppler spread, frequency shift, average
received power, received timing, and beam index of the first panel
as feedback regarding the second panel, if the distance between the

first and second panels is less than the threshold distance.
[0327] In an Example 79, the transmitting further includes:

transmitting first and second non-precoded reference signals from
respective ones of the first and second panels if the first and second

panels are not within the threshold distance of one another; and
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multiplexing the first and second non-precoded reference signals in

one or more of time, frequency, and code domains.

[0328] An Example 80 is a method of configuring an antenna system that includes, at wireless

transmit/receive unit (WTRU):
receiving a configuration of a plurality of reference signal (RS) resources;

receiving information identifying a quasi-collocation (QCL) type for a subset of the RS
resources, wherein the subset of the RS resources includes a first RS resource and

a second RS resource;

receiving an indication to use the first RS resource for demodulation of a downlink (DL)

data transmission,;

determining a first set of QCL parameters associated with the identified QCL type by

measuring reference signals from the subset of RS resources;

determining a second set of QCL parameters which are not in the first set of QCL

parameters by measuring reference signals from the first RS resource;

demodulating the DL data using the first and second sets of QCL parameters.
[0329] An Example 81 is an apparatus to perform the method of any of Examples 1-80.

[0330] An Example 82 is an apparatus comprising means for performing the method of any

one of claims 1-80.

[0331] An Example 83 is at least one machine readable medium comprising a plurality of
instructions that, when executed on a computing device, cause the computing device to carry out

a method according to any one of claims 1-80.
[0332] An Example 84 is a computer system to perform the method of any of claims 1-80.

[0333] An Example 85 is a computing device comprising a chipset according to any one of

claims 1-80.

[0334] An Example 86 is a non-transitory computer readable medium encoded with a
computer program that includes instructions to cause a processor to perform the method of any

one of claims 1-80.

[0335] An Example 87 is a processor and memory configured to perform the method of any

one of claims 1-80.
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CLAIMS

1. A method of configuring an antenna system, comprising, at wireless transmit/receive unit

(WTRU):
receiving a configuration of a plurality of reference signal (RS) resources;

receiving information identifying a quasi-collocation (QCL) type for a subset of the RS
resources, wherein the subset of the RS resources includes a first RS resource and

a second RS resource;

receiving an indication to use the first RS resource for demodulation of a downlink (DL)

data transmission,;

measuring a first set of QCL parameters associated with the identified QCL type by

measuring reference signals from the subset of RS resources;

measuring a second set of QCL parameters which are not in the first set of QCL

parameters by measuring reference signals from the first RS resource; and

demodulating the DL data using the first and second sets of QCL parameters.

2. The method of claim 1, wherein:
at least one QCL type indicates full QCL of RS resources;
a second QCL type indicates partial QCL of RS resources; and

QCL parameters corresponding to partial QCL of RS resources are a subset of the QCL

parameters corresponding to full QCL of RS resources.

3. The method of claim 2, wherein the QCL parameters corresponding to full QCL of RS
resources include one or more of delay spread, Doppler spread, frequency shift, average

received power, received timing, and beam index.

4. The method of any one of claims 1-3, wherein the first or second set of QCL parameters
is at least one of an empty set, a subset of the QCL parameters for full QCL, and all of
the parameters for full QCL.

5. The method of claim 1, wherein a RS resource is at least one of a channel state
information reference signal (CSI-RS), a demodulation reference signal (DM-RS), and a

measurement reference signal.
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6.

10.

11.

12.

13

The method of claim 1, wherein:

a first RS resource is a DM-RS and a second RS resource is a CSI-RS.

The method of claim 1, wherein:

the associated subset of RS resources is different based on a layer for multi-layer

transmission.

The method of claim 7, wherein the associated subset of RS resources for a layer is

indicated in downlink control information (DCI).

The method of claim 1, wherein one or more QCL types are used and each QCL type has
a different set of QCL parameters.

An apparatus configured to perform the method of any one of claims 1-3 and 5-9.

An apparatus comprising means for performing the method of any one of claims 1-3 and

5-9.

At least one machine readable medium comprising a plurality of instructions that, when
executed on a computing device, cause the computing device to carry out a method

according to any one of claims 1-3 and 5-9.

. An apparatus, comprising a processor and memory of a wireless transmit/receive unit

(WTRU), configured to:
receive a configuration of a plurality of reference signal (RS) resources;

receive information identifying a quasi-collocation (QCL) type for a subset of the RS
resources, wherein the subset of the RS resources includes a first RS resource and

a second RS resource;

receive an indication to use the first RS resource for demodulation of a downlink (DL)

data transmission,;

measure a first set of QCL parameters associated with the identified QCL type by

measuring reference signals from the subset of RS resources;

measure a second set of QCL parameters which are not in the first set of QCL parameters

by measuring reference signals from the first RS resource; and
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14.

15.

16.

17.

18.

19.

20.

21.

demodulate the DL data using the first and second sets of derived QCL parameters.

The apparatus of claim 13, wherein:
at least one QCL type indicates full QCL of RS resources;
a second QCL type indicates partial QCL of RS resources; and

QCL parameters corresponding to partial QCL of RS resources are a subset of the QCL

parameters corresponding to full QCL of RS resources.

The apparatus of claim 14, wherein the QCL parameters corresponding to full QCL of RS
resources include one or more of delay spread, Doppler spread, frequency shift, average

received power, received timing, and beam index.

The apparatus of any one of claims 13-15, wherein the first or second set of QCL
parameters is at least one of an empty set, a subset of the QCL parameters for full QCL,

and all of the parameters for full QCL.

The apparatus of claim 13, wherein a RS resource is at least one of a channel state
information reference signal (CSI-RS), a demodulation reference signal (DM-RS), and a

measurement reference signal

The apparatus of claim 13, wherein:

a first RS resource is a DM-RS and a second RS resource is a CSI-RS.

The apparatus of claim 13, wherein:

the associated subset of RS resources is different based on a layer for multi-layer

transmission.

The apparatus of claim 19, wherein the associated subset of RS resources for a layer is

indicated in downlink control information (DCI).

The apparatus of claim 13, wherein one or more QCL types are used and each QCL type

has a different set of QCL parameters.
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