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[DESCRIPTION]

[Invention Titlel
METHOD AND APPARATUS FOR APERIODIC REFERENCE SIGNAL TRANSMISSION AND RECEPTION

[Technical Field]
[0001] The present disclosure relates generally to wireless communication systems
and more specifically to aperiodic reference signal reception and transmission in
a wireless communication system.

[Background Art]
[0002] To meet the demand for wireless data traffic having increased since
deployment of 4G communication systems, efforts have been made to develop an improved
5G or pre-5G communication system. Therefore, the 5G or pre-5G communication system
is also called a ‘Beyond 4G Network’ or a ‘Post LTE System’ . The 5G communication
system is considered to be implemented in higher frequency (mmWave) bands, e.g., 60GHz
bands, so as to accomplish higher data rates. To decrease propagation loss of the
radio waves and increase the transmission distance, the beamforming, massive
multiple-input multiple-output (MIMO), Full Dimensional MIMO (FD-MIMO), array
antenna, an analog beam forming, large scale antenna techniques are discussed in 5G
communication systems. In addition, in 5G communication systems, development for
system network improvement is under way based on advanced small cells, cloud Radio
Access Networks (RANs), ultra-dense networks, device-to-device (D2D) communication,
wireless backhaul, moving network, cooperative communication, Coordinated
Multi-Points (CoMP), reception-end interference cancellation and the like. In the
5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window superposition
coding (SWSC) as an advanced coding modulation (ACM), and filter bank multi carrier
(FBMC), non-orthogonal multiple access(NOMA), and sparse code multiple access (SCMA)

as an advanced access technology have been developed.
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[0003] The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of Everything (IoE), which is a combination of the
[oT technology and the Big Data processing technology through connection with a cloud
server, has emerged. As technology elements, such as “sensing technology” ,
“wired/wireless communication and network infrastructure” , “service interface
technology” , and “Security technology” have been demanded for IoT implementation,
a sensor network, a Machine-to-Machine (M2M) communication, Machine Type
Communication (MTC), and so forth have been recently researched. Such an IoT
environment may provide intelligent Internet technology services that create a new
value to human life by collecting and analyzing data generated among connected things.
[oT may be applied to a variety of fields including smart home, smart building, smart
city, smart car or connected cars, smart grid, health care, smart appliances and
advanced medical services through convergence and combination between existing
Information Technology (IT) and various industrial applications.
[0004] In line with this, various attempts have been made to apply 5G communication
systems to IoT networks. For example, technologies such as a sensor network, Machine
Type Communication (MIC), and Machine-to-Machine (M2M) communication may be
implemented by beamforming, MIMO, and array antennas. Application of a cloud Radio
Access Network (RAN) as the above-described Big Data processing technology may also
be considered to be as an example of convergence between the 5G technology and the
IoT technology.
[0005] Understanding and correctly estimating the channel between a user equipment
(UE) and a base station (BS) (e.g., gNode B (gNB)) is important for efficient and
effective wireless communication. In order to correctly estimate the DL channel

conditions, the gNB may transmit a reference signal, e.g., CSI-RS, to the UE for DL
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channel measurement, and the UE may report (e.g., feedback) information about channel
measurement, e.g., CSI, to the gNB. With this DL channel measurement, the gNB is able
to select appropriate communication parameters toefficiently and effectively perform
wireless data communication with the UE.

[Disclosure]

[Technical Problem]
[0006] There are needs to enhance aperiodic reference signal transmission and
reception procedures for accurate channel estimation.

[Technical Solution]
[6007] Embodiments of the present disclosure provide methods and apparatuses
to enable aperiodic reference signal reception/transmission in a wireless
communication system.
[0008] In one embodiment, a UE for aperiodic channel state information reference
signal (CSI-RS) reception is provided. The UE comprises a transceiver configured to
receive aperiodic CSI-RS configuration information including a CSI-RS triggering
offset, and receive downlink control information (DCI) via a physical downlink control
channel (PDCCH), where the DCI triggers an aperiodic CSI-RS. The UE further includes
a processor operably connected to the transceiver. The processor is configured to
determine the CSI-RS triggering of fset based on the CSI-RS configuration information,
wherein: the CSI-RS triggering offset is configured from a first set when
Uppcen < Mcsirs, and the CSI-RS triggering offset is configured from a second set when
Hppccn = Mesirs, Wherein pppeen and Mesirs are subcarrier spacing configurations for
the PDCCH and the aperiodic CSI-RS, respectively, and wherein the transceiver is
further configured to receive the aperiodic CSI-RS in a slot K, determined based on
the CSI-RS triggering of fset, a slot containing the triggering DCI, and the subcarrier

spacing configurations (pppcey and Hesirs) -
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[0009] In another embodiment, a BS inawireless communication system is provided.
The BS includes a processor configured to generate an aperiodic channel state
information reference signal (CSI-RS) configuration information and a downlink
control information (DCI). The BS further includes a transceiver operably coupled
to the processor. The transceiver is configured to: transmit the aperiodic CSI-RS
configuration information including a CSI-RS triggering offset; transmit the DCI via
a physical downlink control channel (PDCCH), where the DCI triggers an aperiodic
CSI-RS; and transmit the aperiodic CSI-RS in a slot K, wherein the CSI-RS triggering
offset is configured from a first set when pppcey < Mcsirs. and from a second set when
Uppcey > Mesirss Where pppeey and pesirs are subcarrier spacing configurations for
the PDCCH and the aperiodic CSI-RS, respectively, and wherein the slot Kg is
determined based on the CSI-RS triggering offset, a slot containing the triggering
DCI, and the subcarrier spacing configurations (pppcey and Mcsirs) -

[0010] In yet another embodiment, a method for operating a UE for aperiodic
channel state information reference signal (CSI-RS) reception is provided. The method
comprises: receiving aperiodic CSI-RS configuration information including a CSI-RS
triggering offset; receiving downlink control information (DCI) via a physical
downlink control channel (PDCCH), where the DCI triggers an aperiodic CSI-RS; and
determining the CSI-RS triggering offset based on the CSI-RS configuration
information, wherein: the CSI-RS triggering offset is configured from a first set
when Wppccy < Mesirs, and the CSI-RS triggering offset is configured from a second set
when Wppccu > Mesirs > Wherein  pppeey and  pesirs  are  subcarrier  spacing
configurations for the PDCCH and the aperiodic CSI-RS, respectively, and receiving
the aperiodic CSI-RS in a slot K determined based on the CSI-RS triggering offset,

a slot containing the triggering DCI, and the subcarrier spacing configurations

(HPDCCH and pcsigs) -
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[0011] Other technical features may be readily apparent to one skilled in the
art from the following figures, descriptions, and claims.
[0012] Before undertaking the DETAILED DESCRIPTION below, it may be advant ageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to any direct or indirect
communication between two or more elements, whether or not those elements are in
physical contact with one another. The terms “transmit,”  “receive,” and
“communicate,” as well as derivatives thereof, encompass both direct and indirect
communication. The terms “include” and “comprise,” aswell as derivatives thereof,
mean inclusion without limitation. The term “or” 1is inclusive, meaning and/or. The
phrase “associated with,” as well as derivatives thereof, means to include, be
included within, interconnect with, contain, be contained within, connect to or with,
couple to or with, be communicable with, cooperate with, interleave, juxtapose, be
proximate to, be bound to or with, have, have a property of, have a relationship to
or with, or the like. The term “controller” means any device, system or part thereof
that controls at least one operation. Such a controller may be implemented in hardware
or a combination of hardware and software and/or firmware. The functionality
associated with any particular controller may be centralized or distributed, whether
locally or remotely. The phrase “at least one of,” when used with a list of items,
means that different combinations of one or more of the listed items may be used,
and only one item in the list may be needed. For example, “at least one of: A, B,
and C” includes any of the following combinations: A, B, C, A and B, A and C, B and
C, and A and B and C.
[0013] Moreover, various functions described below can be implemented or
supported by one or more computer programs, each of which is formed from computer
readable program code and embodied in a computer readable medium. The terms

143 M - ” 143 »
application” and “program” refer to one or more computer programs, software
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components, sets of instructions, procedures, functions, objects, classes, instances,
related data, or a portion thereof adapted for implementation in a suitable computer
readable program code. The phrase “computer readable program code” includes any
type of computer code, including source code, object code, and executable code. The
phrase “computer readable medium” includes any type of medium capable of being
accessed by a computer, such as read only memory (ROM), random access memory (RAM),
a hard disk drive, a compact disc (CD), a digital video disc (DVD), or any other type
of memory. A “non-transitory” computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non—transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such
as a rewritable optical disc or an erasable memory device.
[0014] Definitions for other certain words and phrases are provided throughout
this patent document. Those of ordinary skill in the art should understand that in
many if not most instances, such definitions apply to prior as well as future uses
of such defined words and phrases.

[Advantageous Effects]
[0015] According to various embodiments of the disclosure, channel estimation
procedure can be enhanced accurately and efficiently.

[Description of Drawings]
[0016] For a more complete understanding of the present disclosure and its
advantages, reference is now made to the following description taken in conjunction
with the accompanying drawings, inwhich like reference numerals represent like parts:
[0017] FIGURE 1 illustrates an example wireless network according to embodiments
of the present disclosure;
[0018] FIGURE 2 illustrates an example gNB according to embodiments of the

present disclosure;
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[0019] FIGURE 3 illustrates an example UE according to embodiments of the present
disclosure;
[0020] FIGURE 4A illustrates a high-level diagram of an orthogonal frequency

division multiple access transmit path according to embodiments of the present
disclosure;

[0021] FIGURE 4B illustrates a high-level diagram of an orthogonal frequency
division multiple access receive path according to embodiments of the present
disclosure;

[0022] FIGURE 5 illustrates a transmitter block diagram for a PDSCH in a subframe
according to embodiments of the present disclosure;

[0023] FIGURE 6 illustrates a receiver block diagram for a PDSCH in a subframe
according to embodiments of the present disclosure;

[0024] FIGURE 7 illustrates a transmitter block diagram for a PUSCH in a subframe
according to embodiments of the present disclosure;

[0025] FIGURE 8 illustrates a receiver block diagram for a PUSCH in a subframe
according to embodiments of the present disclosure;

[0026] FIGURE 9 illustrates an example antenna blocks according to embodiments
of the present disclosure;

[0027] FIGURE 10 illustrates an aperiodic CSI-RS measurement and aperiodic CSI
reporting operation according to embodiments of the present disclosure;

[0028] FIGURE 11 illustrates a method for a partial reciprocity based uplink
transmission scheme according to embodiments of the present disclosure;

[0029] FIGURE 12 illustrates another method for a partial reciprocity based
uplink transmission scheme according to embodiments of the present disclosure;
[0030] FIGURE 13 illustrates yet another method for a partial reciprocity based

uplink transmission scheme according to embodiments of the present disclosure;
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[0031] FIGURE 14 illustrates still another method for a partial reciprocity
based uplink transmission scheme according to embodiments of the present disclosure;
[0032] FIGURE 15 illustrates a flow chart of a method for operating a user
equipment (UE) for aperiodic channel state information reference signal (CSI-RS)
reception, as may be performed by a UE according to embodiments of the present
disclosure;
[0033] FIGURE 16 illustrates a flow chart of another method for aperiodic channel
state information reference signal (CSI-RS) transmission, as may be performed by a
BS, according to embodiments of the present disclosure.

[Mode for Invention]
[0034] FIGURES 1 through FIGURE 16, discussed below, and the various embodiments
used to describe the principles of the present disclosure in this patent document
are by way of illustration only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will understand that the principles
of the present disclosure may be implemented in any suitably arranged system or device.
[0035] The following documents and standards descriptions are hereby
incorporated by reference into the present disclosure as if fully set forth herein:
3GPP TS 36.211 v16.1.0, “E-UTRA, Physical channels and modulation;” 3GPP TS 36.212
v16.1.0, “E-UTRA, Multiplexing and Channel coding;” 3GPP TS 36.213 v16.1.0,

“E-UTRA, Physical Layer Procedures;” 3GPP TS 36.321 v16.1.0, “E-UTRA, Medium
Access Control (MAC) protocol specification:” 3GPP TS 36.331 v16.1.0, “E-UTRA,
Radio Resource Control (RRC) protocol specification;” 3GPP TR 22.891 v14.2.0; 3GPP
TS 38.211 v16.1.0, “E-UTRA, NR, Physical channels and modulation;” 3GPP TS 38.213
v16.1.0, “E-UTRA, NR, Physical Layer Procedures for control;” 3GPP TS 38.214v16.1.0,

“E-UTRA, NR, Physical layer procedures for data;” and 3GPP TS 38.212 v16.1.0,

“E-UTRA, NR, Multiplexing and channel coding.”
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[0036] Aspects, features, and advantages of the disclosure are readily apparent
from the following detailed description, simply by illustrating a number of particular
embodiments and implementations, including the best mode contemplated for carrying
out the disclosure. The disclosure is also capable of other and different embodiments,
and its several details can be modified in various obvious respects, all without
departing from the spirit and scope of the disclosure. Accordingly, the drawings and
description are to be regarded as illustrative in nature, and not as restrictive.
The disclosure is illustrated by way of example, and not by way of limitation, in
the figures of the accompanying drawings.

[0037] In the following, for brevity, both FDD and TDD are considered as the
duplex method for both DL and UL signaling.

[0038] Although exemplary descriptions and embodiments to follow assume
orthogonal frequency division multiplexing (OFDM) or orthogonal frequency division
multiple access (OFDMA), the present disclosure can be extended to other OFDM-based
transmission waveforms or multiple access schemes such as filtered OFDM (F-OFDM).
[0039] To meet the demand for wireless data traffic having increased since
deployment of 4G communication systems, efforts have been made to develop an improved
5G or pre—5G communication system. Therefore, the 5G or pre-5G communication system
is also called a “beyond 4G network” or a “post LTE system.”

[0040] The 5G communication system is considered to be implemented in higher
frequency (mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates.
To decrease propagation loss of the radio waves and increase the transmission coverage,
the beamforming, massive multiple-input multiple-output (MIMO), full dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna techniques
and the like are discussed in 5G communication systems.

[0041]) In addition, in 5G communication systems, development for system network

improvement is under way based on advanced small cells, cloud radio access networks
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(RANs), ultra-dense networks, device-to—device (D2D) communication, wireless
backhaul communication, moving network, cooperative communication, coordinated
multi-points (CoMP) transmission and reception, interference mitigation and
cancellation and the like.

[0042] In the 5G system, hybrid frequency shift keying and quadrature amplitude
modulation (FQAM) and sliding window superposition coding (SWSC) as an adaptive
modulation and coding (AMC) technique, and filter bank multi carrier (FBMC),
non-orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an
advanced access technology have been developed.

[0043] FIGURES 1-4B below describe various embodiments implemented in wireless
communicat ions systems and with the use of orthogonal frequency divisionmultiplexing
(OFDM) or orthogonal frequency division multiple access (OFDMA) communication
techniques. The descriptions of FIGURES 1-3 are not meant to imply physical or
architectural limitations to the manner in which different embodiments may be
implemented. Different embodiments of the present disclosure may be implemented in
any suitably-arranged communications system. The present disclosure covers several
components which can be used in conjunction or in combination with one another, or
can operate as standalone schemes.

[0044] FIGURE 1 illustrates an example wireless network according to embodiments
of the present disclosure. The embodiment of the wireless network shown in FIGURE
1 is for illustration only. Other embodiments of the wireless network 100 could be
used without departing from the scope of this disclosure.

[0045] As shown in FIGURE 1, the wireless network includes a gNB 101, a gNB 102,
and a gNB 103. The gNB 101 communicates with the gNB 102 and the gNB 103. The gNB
101 also communicates with at least one network 130, such as the Internet, a

proprietary Internet Protocol (IP) network, or other data network.
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[0046] The gNB 102 provides wireless broadband access to the network 130 for
a first plurality of user equipments (UEs) within a coverage area 120 of the gNB 102.
The first plurality of UEs includes a UE 111, which may be located in a small business
(SB); a UE 112, which may be located in an enterprise (E); a UE 113, which may be
located in a WiFi hotspot (HS); a UE 114, which may be located in a first residence
(R); a UE 115, which may be located in a second residence (R); and a UE 116, which
may be a mobile device (M), such as a cell phone, a wireless laptop, a wireless PDA,
or the like. The gNB 103 provides wireless broadband access to the network 130 for
a second plurality of UEs within a coverage area 125 of the gNB 103. The second
plurality of UEs includes the UE 115 and the UE 116. In some embodiments, one or more
of the gNBs 101-103 may communicate with each other and with the UEs 111-116 using
5G, LTE, LTE-A, WiMAX, WiFi, or other wireless communication techniques.

[0047] Depending on the network type, the term “base station” or “BS” can
refer to any component (or collection of components) configured to provide wireless
access to a network, such as transmit point (TP), transmit-receive point (TRP), an
enhanced base station (eNodeB or eNB), a 5G base station (gNB), a macrocell, a
femtocell, a WiFi access point (AP), or other wirelessly enabled devices. Base
stations may provide wireless access in accordance with one or more wireless
communicat ion protocols, e.g., 5G 3GPP new radio interface/access (NR), long term
evolution (LTE), LTE advanced (LTE-A), high speed packet access (HSPA), Wi-Fi
802.11a/b/g/n/ac, etc. For the sake of convenience, the terms “BS” and “TRP” are
used interchangeably in this patent document to refer to network infrastructure
components that provide wireless access to remote terminals. Also, depending on the
network type, the term “user equipment” or “UE” can refer to any component such
as “mobile station,”  “subscriber station,”  “remote terminal,”  “wireless
terminal,” “receive point,” or “user device.” For the sake of convenience, the

terms “user equipment” and “UE” are used in this patent document to refer to remote
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wireless equipment that wirelessly accesses a BS, whether the UE is a mobile device
(such as a mobile telephone or smartphone) or is normally considered a stationary
device (such as a desktop computer or vending machine).

[0048] Dotted lines show the approximate extents of the coverage areas 120 and
125, which are shown as approximately circular for the purposes of i1llustration and
explanation only. It should be clearly understood that the coverage areas associated
with gNBs, such as the coverage areas 120 and 125, may have other shapes, including
irregular shapes, depending upon the configuration of the gNBs and variations in the
radio environment associated with natural and man—made obstructions.

[0049] As described in more detail below, one or more of the UEs 111-116 include
circuitry, programing, or a combination thereof, for receiving aperiodic CSI-RS to
determine and report CSI for communications in a wireless communication system. In
certain embodiments, and one or more of the gNBs 101-103 includes circuitry,
programing, or a combination thereof, for transmitting aperiodic CSI-RS to acquire
CSI in a wireless communication system.

[0050] Although FIGURE 1 illustrates one example of a wireless network, various
changes may be made to FIGURE 1. For example, the wireless network could include any
number of gNBs and any number of UEs in any suitable arrangement. Also, the gNB 101
could communicate directly with any number of UEs and provide those UEs with wireless
broadband access to the network 130. Similarly, each gNB 102-103 could communicate
directly with the network 130 and provide UEs with direct wireless broadband access
to the network 130. Further, the gNBs 101, 102, and/or 103 could provide access to
other or additional external networks, such as external telephone networks or other
types of data networks.

[0051] FIGURE 2 illustrates an example gNB 102 according to embodiments of the
present disclosure. The embodiment of the gNB 102 illustrated in FIGURE 2 is for
illustration only, and the gNBs 101 and 103 of FIGURE 1 could have the same or similar
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configuration. However, gNBs come in a wide variety of configurations, and FIGURE
2 does not limit the scope of this disclosure to any particular implementation of
a gNB.

[0052] As shown in FIGURE 2, the gNB 102 includes multiple antennas 205a-205n,
multiple RF transceivers 210a-210n, transmit (TX) processing circuitry 215, and
receive (RX) processing circuitry 220. The gNB 102 also includes a
control ler/processor 225, a memory 230, and a backhaul or network interface 235.

[0053] The RF transceivers 210a-210n receive, from the antennas 205a-205n,
incoming RF signals, such as signals transmitted by UEs in the network 100. The RF
transceivers 210a-210n down-convert the incoming RF signals to generate [F or baseband
signals. The IF or baseband signals are sent to the RX processing circuitry 220, which
generates processed baseband signals by filtering, decoding, and/or digitizing the
baseband or IF signals. The RX processing circuitry 220 transmits the processed
baseband signals to the controller/processor 225 for further processing.

[0054] The TX processing circuitry 215 receives analog or digital data (such
as voice data, web data, e-mail, or interactive video game data) from the
controller/processor 225. The TX processing circuitry 215 encodes, multiplexes,
and/or digitizes the outgoing baseband data to generate processed baseband or IF
signals. The RF transceivers 210a-210n receive the outgoing processed baseband or
IF signals from the TX processing circuitry 215 and up—converts the baseband or IF
signals to RF signals that are transmitted via the antennas 205a-205n.

[0055] The controller/processor 225 can include one or more processors or other
processing devices that control the overall operation of the gNB 102. For example,
the control ler/processor 225 could control the reception of forward channel signals
and the transmission of reverse channel signals by the RF transceivers 210a-210n,

the RX processing circuitry 220, and the TX processing circuitry 215 in accordance
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with well-known principles. The controller/processor 225 could support additional
functions as well, such as more advanced wireless communication functions.

[0056] For instance, the controller/processor 225 could support beam forming
or directional routing operations in which outgoing signals from multiple antennas
205a-205n are weighted differently to effectively steer the outgoing signals in a
desired direction. Any of a wide variety of other functions could be supported in
the gNB 102 by the controller/processor 225.

[0057] The controller/processor 225 is also capable of executing programs and
other processes resident in the memory 230, such as an 0S. The controller/processor
225 can move data into or out of the memory 230 as required by an executing process.
[0058] The controller/processor 225 is also coupled to the backhaul or network
interface 235. The backhaul or network interface 235 allows the gNB 102 to communicate
with other devices or systems over a backhaul connection or over a network. The
interface 235 could support communications over any suitable wired or wireless
connection(s). For example, when the gNB 102 is implemented as part of a cellular
communication system (such as one supporting 5G, LTE, or LTE~A), the interface 235
could al low the gNB 102 to communicate with other gNBs over awired or wireless backhaul
connection. When the gNB 102 is implemented as an access point, the interface 235
could allow the gNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet).
The interface 235 includes any suitable structure supporting communications over a
wired or wireless connection, such as an Ethernet or RF transceiver.

[0059] The memory 230 is coupled to the controller/processor 225. Part of the
memory 230 could include a RAM, and another part of the memory 230 could include a
Flash memory or other ROM.

[0060] Although FIGURE 2 illustrates one example of gNB 102, various changes

may be made to FIGURE 2. For example, the gNB 102 could include any number of each
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component shown in FIGURE 2. As a particular example, an access point could include
a number of interfaces 235, and the controller/processor 225 could support routing
functions to route data between different network addresses. As another particular
example, while shown as including a single instance of TX processing circuitry 215
and a single instance of RX processing circuitry 220, the gNB 102 could include
multiple instances of each (such as one per RF transceiver). Also, various components
in FIGURE 2 could be combined, further subdivided, or omitted and additional
components could be added according to particular needs.

[0061] FIGURE 3 illustrates an example UE 116 according to embodiments of the
present disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for
illustration only, and the UEs 111-115 of FIGURE 1 could have the same or similar
configuration. However, UEs come in a wide variety of configurations, and FIGURE 3
does not limit the scope of this disclosure to any particular implementation of a
UE.

[0062] As shown in FIGURE 3, the UE 116 includes an antenna 305, a radio frequency
(RF) transceiver 310, TX processing circuitry 315, a microphone 320, and receive (RX)
processing circuitry 325. The UE 116 also includes a speaker 330, a processor 340,
an input/output (I/0) interface (IF) 345, a touchscreen 350, a display 355, and a
memory 360. The memory 360 includes an operating system (0S) 361 and one or more
applications 362.

[0063] The RF transceiver 310 receives, from the antenna 305, an incoming RF
signal transmitted by a gNB of the network 100. The RF transceiver 310 down-converts
the incoming RF signal to generate an intermediate frequency (IF) or baseband signal.
The IF or baseband signal is sent to the RX processing circuitry 325, which generates
a processed baseband signal by filtering, decoding, and/or digitizing the baseband

or IF signal. The RX processing circuitry 325 transmits the processed baseband signal
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to the speaker 330 (such as for voice data) or to the processor 340 for further
processing (such as for web browsing data).

[0064] The TX processing circuitry 315 receives analog or digital voice data
from the microphone 320 or other outgoing baseband data (such as web data, e-mail,
or interactive video game data) from the processor 340. The TX processing circuitry
315 encodes, multiplexes, and/or digitizes the outgoing baseband data to generate
a processed baseband or IF signal. The RF transceiver 310 receives the outgoing
processed baseband or IF signal from the TX processing circuitry 315 and up—converts
the baseband or IF signal to an RF signal that is transmitted via the antenna 305.
[0065] The processor 340 can include one or more processors or other processing
devices and execute the 0S 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception
of forward channel signals and the transmission of reverse channel signals by the
RF transceiver 310, the RX processing circuitry 325, and the TX processing circuitry
315 in accordance with wel l-known principles. In some embodiments, the processor 340
includes at least one microprocessor or microcontroller.

[0066] The processor 340 is also capable of executing other processes and
programs resident in the memory 360, such as processes for CSI-RS measurement and
for CSI feedback on uplink channel. The processor 340 can move data into or out of
the memory 360 as required by an execut ing process. In some embodiments, the processor
340 is configured to execute the applications 362 based on the 0S 361 or in response
to signals received from gNBs or an operator. The processor 340 is also coupled to
the 1/0 interface 345, which provides the UE 116 with the ability to connect to other
devices, such as laptop computers and handheld computers. The I/0 interface 345 is
the communication path between these accessories and the processor 340.

[0067] The processor 340 is also coupled to the touchscreen 350 and the display

355. The operator of the UE 116 can use the touchscreen 350 to enter data into the



WO 2020/256516 PCT/KR2020/008071

17

UE 116. The display 355 may be a liquid crystal display, light emitting diode display,
or other display capable of rendering text and/or at least limited graphics, such
as from web sites.

[0068] The memory 360 is coupled to the processor 340. Part of the memory 360
could include a random access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

[0069] Although FIGURE 3 illustrates one example of UE 116, various changes may
be made to FIGURE 3. For example, various components in FIGURE 3 could be combined,
further subdivided, or omitted and additional components could be added according
to particular needs. As a particular example, the processor 340 could be divided into
multiple processors, such as one or more central processing units (CPUs) and one or
more graphics processing units (GPUs). Also, while FIGURE 3 illustrates the UE 116
configured as a mobile telephone or smartphone, UEs could be configured to operate
as other types of mobile or stationary devices.

[0070] FIGURE 4A is ahigh-level diagram of transmit path circuitry. For example,
the transmit path circuitry may be used for an orthogonal frequency divisionmultiple
access (OFDMA) communication. FIGURE 4B is a high-level diagram of receive path
circuitry. For example, the receive path circuitry may be used for an orthogonal
frequency division multiple access (OFDMA) communication. In FIGURES 4A and 4B, for
downlink communication, the transmit path circuitry may be implemented in a base
station (gNB) 102 or a relay station, and the receive path circuitry may be implemented
in a user equipment (e.g., user equipment 116 of FIGURE 1). In other examples, for
uplink communication, the receive path circuitry 450 may be implemented in a base
station (e.g., gNB 102 of FIGURE 1) or a relay station, and the transmit path circuitry
may be implemented in a user equipment (e.g., user equipment 116 of FIGURE 1).
[0071] Transmit path circuitry comprises channel coding and modulation block

405, serial-to-parallel (S-to-P) block 410, Size N Inverse Fast Fourier Transform
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(IFFT) block 415, parallel-to-serial (P-to-S) block 420, add cyclic prefix block 425,
and up-converter (UC) 430. Receive path circuitry 450 comprises down-converter (DC)
455, remove cyclic prefix block 460, serial-to-parallel (S-to-P) block 465, Size N
Fast Fourier Transform (FFT) block 470, parallel-to-serial (P-to-S) block 475, and
channel decoding and demodulation block 480.

[0072] At least some of the components in FIGURES 4A 400 and 4B 450 may be
implemented in software, while other components may be implemented by configurable
hardware or a mixture of software and configurable hardware. In particular, it is
noted that the FFT blocks and the IFFT blocks described in this disclosure document
may be implemented as configurable software algorithms, where the value of Size N
may be modified according to the implementation.

[0073] Furthermore, although this disclosure is directed to an embodiment that
implements the Fast Fourier Transform and the Inverse Fast Fourier Transform, this
is by way of illustration only and may not be construed to limit the scope of the
disclosure. It may be appreciated that in an alternate embodiment of the present
disclosure, the Fast Fourier Transform functions and the Inverse Fast Fourier
Transform functions may easily be replaced by discrete Fourier transform (DFT)
functions and inverse discrete Fourier transform (IDFT) functions, respectively. It
may be appreciated that for DFT and IDFT functions, the value of the N variable may
be any integer number (i.e., 1, 4, 3, 4, etc.), while for FFT and IFFT functions,
the value of the N variable may be any integer number that is a power of two (i.e.,
1, 2, 4, 8, 16, etc.).

[0074] In transmit path circuitry 400, channel coding and modulation block 405
receives a set of information bits, applies coding (e.g., LDPC coding) and modulates
(e.g., quadrature phase shift keying (QPSK) or quadrature amplitude modulation (QAM))
the input bits to produce a sequence of frequency—-domain modulation symbols.

Serial-to—parallel block 410 converts (i.e., de-multiplexes) the serial modulated
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symbols to parallel data to produce N parallel symbol streams where N is the IFFT/FFT
size used in BS 102 and UE 116. Size N IFFT block 415 then performs an IFFT operation
on the N parallel symbol streams to produce time-domain output signals.
Parallel-to-serial block 420 converts (i.e., multiplexes) the parallel time-domain
output symbols from Size N IFFT block 415 to produce a serial time-domain signal.
Add cyclic prefix block 425 then inserts a cyclic prefix to the time-domain signal.
Finally, up-converter 430 modulates (i.e., up—converts) the output of add cyclic
prefix block 425 to RF frequency for transmission via a wireless channel. The signal
may also be filtered at baseband before conversion to RF frequency.

[0075] The transmitted RF signal arrives at the UE 116 after passing through
the wireless channel, and reverse operations to those at gNB 102 are performed.
Down-converter 455 down-converts the received signal to baseband frequency, and
remove cyclic prefix block 460 removes the cyclic prefix to produce the serial
time-domain baseband signal. Serial-to-parallel block 465 converts the time—-domain
baseband signal to parallel time-domain signals. Size N FFT block 470 then performs
an FFT algorithm to produce N parallel frequency-domain signals. Parallel-to-serial
block 475 converts the parallel frequency-domain signals to a sequence of modulated
data symbols. Channel decoding and demodulat ion block 480 demodulates and then decodes
the modulated symbols to recover the original input data stream.

[0076] Each of gNBs 101-103 may implement a transmit path that is analogous to
transmitting in the downlink to user equipment 111-116 and may implement a receive
path that is analogous to receiving in the uplink from user equipment 111-116.
Similarly, each one of user equipment 111-116 may implement a transmit path
corresponding to the architecture for transmitting in the uplink to gNBs 101-103 and
may implement a receive path corresponding to the architecture for receiving in the

downlink from gNBs 101-103.
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[0077] The 5G communicat ion system use cases have been identified and described.

Those use cases can be roughly categorized into three different groups. In one example,

enhanced mobile broadband (eMBB) is determined to do with high bits/sec requirement,

with less stringent latency and reliability requirements. In another example, ultra
reliable and low latency (URLL) is determined with less stringent bits/sec requirement.
In yet another example, massive machine type communication (mMTC) is determined that
a number of devices can be as many as 100,000 to 1 million per km2, but the
reliability/throughput/latency requirement could be less stringent. This scenario
may also involve power efficiency requirement as well, in that the battery consumption
may be minimized as possible.

[0078] A communication system includes a downlink (DL) that conveys signals from
transmission points such as base stations (BSs) or NodeBs to user equipments (UEs)

and an Uplink (UL) that conveys signals from UEs to reception points such as NodeBs.

A UE, also commonly referred to as a terminal or a mobile station, may be fixed or
mobi le and may be a cellular phone, a personal computer device, or an automated device.

An eNodeB, which is generally a fixed station, may also be referred to as an access
point or other equivalent terminology. For LTE systems, a NodeB is often referred
as an eNodeB.

[0079] In a communication system, such as LTE system, DL signals can include
data signals conveying information content, control signals conveying DL control

information (DCI), and reference signals (RS) that are also known as pilot signals.

An eNodeB transmits data information through a physical DL shared channel (PDSCH).

An eNodeB transmits DCI through a physical DL control channel (PDCCH) or an Enhanced
PDCCH (EPDCCH).

[0080] An eNodeB transmits acknowledgement information in response to data

transport block (TB) transmission from a UE in a physical hybrid ARQ indicator channel

(PHICH) . An eNodeB transmits one or more of multiple types of RS including a UE—common
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RS (CRS), a channel state information RS (CSI-RS), or a demodulation RS (DMRS). A
CRS is transmitted over a DL system bandwidth (BW) and can be used by UEs to obtain
a channel estimate to demodulate data or control information or to perform
measurements. To reduce CRS overhead, an eNodeB may transmit a CSI-RS with a smaller
density in the time and/or frequency domain than a CRS. DMRS can be transmitted only
in the BW of a respective PDSCH or EPDCCH and a UE can use the DMRS to demodulate
data or control information in a PDSCH or an EPDCCH, respectively. A transmission
time interval for DL channels is referred to as a subframe and can have, for example,
duration of 1 millisecond.

[0081] DL signals also include transmission of a logical channel that carries
system control information. A BCCH is mapped to either a transport channel referred
to as a broadcast channel (BCH) when the DL signals convey a master information block
(MIB) or to aDL shared channel (DL-SCH) when the DL signals convey a System Information
Block (SIB). Most system information is included in different SIBs that are
transmitted using DL-SCH. A presence of system information on a DL-SCH in a subframe
can be indicated by a transmission of a corresponding PDCCH conveying a codeword with
a cyclic redundancy check (CRC) scrambled with system information RNTI (SI-RNTI).
Alternatively, scheduling information for a SIB transmission can be provided in an
earlier SIB and scheduling information for the first SIB (SIB-1) can be provided by
the MIB.

[0082] DL resource allocation is performed in a unit of subframe and a group

of physical resource blocks (PRBs). A transmission BW includes frequency resource

RB
units referred to as resource blocks (RBs). Each RB includes N sub-carriers, or

resource elements (REs), such as 12 REs. A unit of one RB over one subframe is referred

M PDSCH _ _ A7RB
to as a PRB. A UE can be allocated ' PSCH RBs for a total of Mse  =Meosen N REs

for the PDSCH transmission BW.
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[0083] UL signals can include data signals conveying data information, control
signals conveying UL control information (UCI), and UL RS. UL RS includes DMRS and
Sounding RS (SRS). A UE transmits DMRS only in a BW of a respective PUSCH or PUCCH.
An eNodeB can use a DMRS to demodulate data signals or UCI signals. A UE transmits
SRS to provide an eNodeB with an UL CSI. A UE transmits data information or UCI through
a respective physical UL shared channel (PUSCH) or a Physical UL control channel
(PUCCH). If a UE needs to transmit data information and UCI in a same UL subframe,
the UE may multiplex both in a PUSCH. UCI includes Hybrid Automatic Repeat request
acknowl edgement (HARQ-ACK) information, indicating correct (ACK) or incorrect (NACK)
detection for a data TB in a PDSCH or absence of a PDCCH detection (DTX), scheduling
request (SR) indicating whether a UE has data in the UE’ s buffer, rank indicator
(RI), and channel state information (CSI) enabling an eNodeB to perform link
adaptation for PDSCH transmissions to a UE. HARQ-ACK information is also transmitted
by a UE in response to a detection of a PDCCH/EPDCCH indicating a release of
semi—persistently scheduled PDSCH.

[0084] An UL subframe includes two slots. Each slot includes Ngmb symbols for

transmitting data information, UCI, DMRS, or SRS. A frequency resource unit of an
UL system BW is a RB. A UE is allocated Neg RBs for a total of Ngz-NRB REs for a

transmission BW. For a PUCCH, Neg =1 . A last subframe symbol can be used to multiplex

SRS transmissions from one or more UEs. A number of subframe symbols that are available

for data/UCI/DMRS transmission is Neyy, =2+ (N — 1) — Nggs, where Noes =1 i a 1ast

symb
subframe symbol is used to transmit SRS and Ngs =0 otherwise.
[0085] FIGURE 5 illustrates a transmitter block diagram 500 for a PDSCH in a

subframe according to embodiments of the present disclosure. The embodiment of the
transmitter block diagram 500 i]llustrated in FIGURE 5 1s for illustration only. One

or more of the components illustrated in FIGURE 5 can be implemented in specialized
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circuitry configured to perform the noted functions or one or more of the components
can be implemented by one or more processors executing instructions to perform the
noted functions. FIGURE 5 does not limit the scope of this disclosure to any particular
implementation of the transmitter block diagram 500.

[0086] As shown in FIGURE 5, information bits 510 are encoded by encoder 520,
such as a turbo encoder, and modulated by modulator 530, for example using quadrature
phase shift keying (QPSK) modulation. A serial to parallel (S/P) converter 540
generates M modulation symbols that are subsequently provided to a mapper 550 to be
mapped to REs selected by a transmission BW selection unit 555 for an assigned PDSCH
transmission BW, unit 560 applies an Inverse fast Fourier transform (IFFT), the output
is then serialized by a parallel to serial (P/S) converter 570 to create a time domain
signal, filtering is applied by filter 580, and a signal transmitted 590. Additional
functionalities, such as data scrambling, cyclic prefix insertion, time windowing,
interleaving, and others are well known in the art and are not shown for brevity.
[0087] FIGURE 6 illustrates areceiver block diagram 600 for a PDSCH in a subframe
according to embodiments of the present disclosure. The embodiment of the diagram
600 illustrated in FIGURE 6 is for illustration only. One or more of the components
1llustrated in FIGURE 6 can be implemented in specialized circuitry configured to
perform the noted functions or one or more of the components can be implemented by
one or more processors executing instructions to perform the noted functions. FIGURE
6 does not limit the scope of this disclosure to any particular implementation of
the diagram 600.

[0088] As shown in FIGURE 6, a received signal 610 is filtered by filter 620,
REs 630 for an assigned reception BW are selected by BW selector 635, unit 640 applies
a fast Fourier transform (FFT), and an output is serialized by a parallel-to-serial
converter 650. Subsequently, a demodulator 660 coherently demodulates data symbols

by applying a channel estimate obtained from a DMRS or a CRS (not shown), and a decoder
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670, such as a turbo decoder, decodes the demodulated data to provide an estimate
of the information data bits 680. Additional functionalities such as time-windowing,
cyclic prefix removal, de-scrambling, channel estimation, and de—interleaving are
not shown for brevity.

[0089] FIGURE 7 illustrates a transmitter block diagram 700 for a PUSCH in a
subframe according to embodiments of the present disclosure. The embodiment of the
block diagram 700 illustrated in FIGURE 7 is for illustration only. One or more of
the components illustrated in FIGURE 5 can be implemented in specialized circuitry
configured to perform the noted functions or one or more of the components can be
implemented by one or more processors executing instructions to perform the noted
functions. FIGURE 7 does not limit the scope of this disclosure to any particular
implementation of the block diagram 700.

[0090] As shown in FIGURE 7, information data bits 710 are encoded by encoder
720, such as a turbo encoder, and modulated by modulator 730. A discrete Fourier
transform (DFT) unit 740 applies a DFT on the modulated data bits, REs 750
corresponding to an assigned PUSCH transmission BW are selected by transmission BW
selection unit 755, unit 760 applies an IFFT and, after a cyclic prefix insertion
(not shown), filtering is applied by filter 770 and a signal transmitted 780.
[0091] FIGURE 8 illustrates a receiver block diagram 800 for a PUSCH in a subframe
according to embodiments of the present disclosure. The embodiment of the block
diagram 800 illustrated in FIGURE 8 is for illustration only. One or more of the
components illustrated in FIGURE 8 can be implemented in specialized circuitry
configured to perform the noted functions or one or more of the components can be
implemented by one or more processors executing instructions to perform the noted
functions. FIGURE 8 does not limit the scope of this disclosure to any particular

implementation of the block diagram 800.
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[0092] As shown in FIGURE 8, a received signal 810 is filtered by filter 820.
Subsequent ly, after a cyclic prefix is removed (not shown), unit 830 applies a FFT,
REs 840 corresponding to an assigned PUSCH reception BW are selected by a reception
BW selector 845, unit 850 applies an inverse DFT (IDFT), a demodulator 860 coherently
demodulates data symbols by applying a channel estimate obtained from a DMRS (not
shown), a decoder 870, such as a turbo decoder, decodes the demodulated data to provide
an estimate of the information data bits 880.

[0093] FIGURE 9 illustrates an example antenna blocks 900 according to
embodiments of the present disclosure. The embodiment of the antenna blocks 900
illustrated in FIGURE 9 is for illustration only. FIGURE 9 does not limit the scope
of this disclosure to any particular implementation of the antenna blocks 900.
[0094] The 3GPP LTE and NR specifications support up to 32 CSI-RS antenna ports
which enable an eNB to be equipped with a large number of antenna elements (such as
64 or 128). In this case, a plurality of antenna elements is mapped onto one CSI-RS
port. For next generation cellular systems such as 5G, the maximum number of CSI-RS
ports can either remain the same or increase. For mmWave bands, although the number
of antenna elements can be larger for a given form factor, the number of CSI-RS ports
-which can correspond to the number of digitally precoded ports - tends to be limited
due to hardware constraints (such as the feasibility to install a large number of
ADCs/DACs at mmWave frequencies) as illustrated in FIGURE 9. In this case, one CSI-RS
port is mapped onto a large number of antenna elements which can be controlled by
a bank of analog phase shifters 901. One CSI-RS port can then correspond to one
sub—array which produces a narrow analog beam through analog beamforming 905. This
analog beam can be configured to sweep across a wider range of angles 920 by varying
the phase shifter bank across symbols or subframes. The number of sub-arrays (equal
to the number of RF chains) is the same as the number of CSI-RS ports NCSI-PORT. A

digital beamforming unit 910 performs a linear combination across NCSI-PORT analog
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beams to further increase precoding gain. While analog beams are wideband (hence not
frequency-selective), digital precoding can be varied across frequency sub-bands or
resource blocks. Receiver operation can be conceived analogously.

[0095] The UL SU-MIMO transmission is supported using a codebook-based
transmission scheme. In LTE UL codebook, pre—coders with antenna selection has been
supported in order to keep peak-to-average power ratio (PAPR) low and cubic-metric
(CM) for rank > 1 small. Antenna selection offers performance improvement in some
scenarios, especially for SC-FDMA based UL in LTE.

[0096] In 5G NR systems, two UL transmission schemes are supported, namely
codebook-based and non-codebook-based. The codebook-based transmission scheme is
based on an UL codebook similar to LTE. The NR UL codebook, however, is dependent
on whether or not the UE is capable to transmit UL data (PUSCH) using all of, or a
subset of antenna ports. For example, the UE can be capable of at least one of
full-coherent (all antenna ports), partial—-coherent (a subset of antenna ports), or
non-coherent UL transmission (a single antenna port) to transmit a layer in UL. The
5G NR UL codebook has been designed keeping this UE coherence capability in mind.
[0097] In both LTE and NR, an UL grant (containing DCI format 4 for LTE and DCI
format 0_1 for NR) includes a single TPMI field (along with TRI) which indicates the
single precoding vector or matrix (from the UL codebook) a UE shall use for the
scheduled UL transmission. Therefore, when multiple PRBs are allocated to the UE,
a single precoding matrix indicated by the PMI implies that wideband UL precoding
is utilized. Despite its simplicity, this is clearly sub-optimal since typical UL
channel is frequency-selective and a UE is frequency scheduled to transmit using
multiple PRBs. Yet another drawback of UL SU-MIMO is the lack of support for scenarios
where accurate UL-CSI is unavailable at the eNB or gNB (which is important for properly
operat ing codebook-based transmission). This situation can happen in scenarios with

high-mobility UEs or bursty inter-cell interference in cells with poor isolation.
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[0098] Therefore, there is a need for designing new components to enable more
efficient support for UL MIMO for the following reasons. First, the support for
frequency-selective (or subband) precoding for UL MIMO is desired whenever possible.
Second, UL MIMO should offer competitive performance even when accurate UL-CSI is
unavailable at the eNB. Third, the proposed UL MIMO solut ion should be able to exploit
UL-DL reciprocity where CSI-RS is utilized by the UE to provide UL-CSI estimation
for TDD and FDD (with partial UL-DL reciprocity) scenarios. As described inU.S. Patent
Application Serial No. 15/491,927, filed April 19, 2017 and entitled “Method and
Apparatus for Enabling Uplink MIM,” which is incorporated herein by reference in
its entirety, such efficient UL MIMO operations and components have been proposed.
[0099] Similar to LTE, MIMO has been identified as an essential feature for 5G
NR in order to achieve high system throughput requirements. One of the key components
of a MIMO transmission scheme is the accurate CSI acquisition at the eNB (or TRP).
For MU-MIMO, in particular, the availability of accurate CSI is necessary in order
to guarantee high MU performance. For TDD systems, the CSI can be acquired using the
SRS transmission (from a UE) relying on the channel reciprocity. For FDD systems,
on the other hand, it can be acquired using the CSI-RS transmission from eNB, and
CSI-RS measurement and CSI feedback from UE. In NR, two CSI reporting mechanisms are
supported, Type I for low resolution CSI reporting and Type Il for high resolution
CSI reporting. In this disclosure, the term “measurement RS” is used to denote SRS
or CSI-RS used for CSI measurement/reporting. The measurement RS (SRS or CSI-RS) can
be dynamically triggered by the NW/gNB (e.g., via DCI in case of aperiodic RS),
preconfigured with a certain time—domain behavior (such as periodicity and offset,
in case of periodic RS), or a combination of such pre-configuration and
activation/deactivation (in case of semi-persistent RS).

[0100] FIGURE 10 illustrates an aperiodic CSI-RS measurement and aperiodic CSI

reporting operation 1000 according to embodiments of the present disclosure. The
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embodiment of the aperiodic CSI-RS measurement and aperiodic CSI reporting operation
1000 illustrated in FIGURE 10 is for illustration only. FIGURE 10 does not limit the
scope of this disclosure to any particular implementation of the aperiodic CSI-RS
measurement and aperiodic CSI reporting operation 1000.

[0101] When measurement RS is CSI-RS, an aperiodic CSI-RS transmission linked
with an aperiodic CSI reporting is triggered via the CSI request field in DCI carried
on PDCCH. In one example illustrated in FIGURE 10, an aperiodic CSI-RS measurement
and aperiodic CSI reporting operation 1000 starts with the gNB/NW signaling to a UE
an aperiodic CSI-RS (AP-CSI-RS) trigger or indication (step 1001). This trigger or
indication can be included in a DCI (either UL-related or DL-related, either
separately or jointly signaled with an aperiodic CSI request/trigger) and indicate
transmission of AP-CSI-RS in a same (zero time offset) or later slot/sub-frame (>0
time offset). Upon receiving the AP-CSI-RS transmitted by the gNB/NW (step 1002),
the UE measures the AP-CSI-RS and, in turn, calculates and reports an aperiodic CSI
(step 1003) comprising, for example, all or a subset of RI, CQI, PMI, LI, and CRI.
Upon receiving the CSI report from the UE, the NW can use the CSI report for data
(PDSCH) transmission (step 1004), and the UE can receive the data (PDSCH) transmission
(step 1005).

[0102] Let pcsirs and Mppecy be the subcarrier spacing (SCS) configurations for
CSI-RS and PDCCH, respectively. In one example, pcsirs and pppecy take a value from

{0, 1, 2, 3, 4} which correspond to (or indicate) subcarrier spacing values {15 kHz,

30 kHz, 60 kHz, 120 kHz}.

[0103] For subcarrier spacing configuration # , slots are numbered nt €
{0, ...,Nzlllgtframe'“ — 1} in increasing order within a subframe and nf ; € {0, ...,Ng:'t"e'” — 1}
slot
symb

in increasing order within a frame. There are consecutive OFDM symbols in

slot
a slot where = ™ depends on the cyclic prefix as given by Table 1 and Table 2.
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The start of slot nY in a subframe is aligned in time with the start of OFDM symbol

nf]vsﬁzb in the same subframe.
[0104] [Table 1]
T I I
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
[0105] [Table 2]
NEREGEE
2 12 40 4
[0106] When pcsirs = Mppecu» the numerologies of PDCCH and CSI-RS are the same,

hence the time offset for AP-CSI-RS transmission, as shown in FIGURE 10, is the same
in two numerologies. When pcsirs # Hppecy» however, the numerologies of PDCCH and
CSI-RS are different, hence the time of fset for AP-CSI-RS transmission, as shown in
FIGURE 10, can only be in one of the two numerologies. It is unclear which of the
two numerologies is used for the time offset, and what are the additional steps
required to determine in this case of mixed numerologies. This disclosure proposes
example embodiments to address these questions.

[0107] In one embodiment 1, for each aperiodic CSI-RS resource in a CSI-RS
resource set associated with each CSI triggering state, the UE is indicated the quasi
co-location (QCL) configuration of quasi co-location RS source(s) and quasi
co-location type(s), as described in NR, through higher layer signaling of qcl-info
which contains a list of references to TCI-State's for the aperiodic CSI-RS resources

associated with the CSI triggering state. If a State referred to in the list is
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configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an
SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource
configured as periodic or semi—persistent located in the same or different CC/DL BWP.
The UE applies the QCL assumption when receiving the aperiodic CSI-RS based on a
condition on the scheduling offset (8) between the last symbol of the PDCCH carrying
the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a
NZP-CSI-RS—ResourceSet configured without higher layer parameter trs-Info and
without the higher layer parameter repetition. At least one of the following
sub—embodiments can be used. Note that the unit of the scheduling offset (8) is OFDM
symbol (s).

[0108] In sub-embodiment 1A, the UE does not expect that the SCS associated with
the PDCCH carrying the triggering DCI is greater than the CSI-RS SCS, i.e.,
Uppcch < Mesi—rs » and the scheduling offset is defined in the numerology of the
aperiodic CSI-RS, pcsi—gs-

[0109] When scheduling offset is smaller than a threshold a, i.e., §<a,
[0110] * 1f there is any other DL signal with an indicated TCI state in the same
symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also
when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled
with offset larger than or equal to the threshold ¢imeDurationfordCL, as defined in
NR specification, aperiodic CSI-RS scheduled with offset larger than or equal to
a, when the UE reported threshold beamSwitchTiming is one of the values {14,28,48},
periodic CSI-RS, semi-persistent CSI-RS;

[0111] * else, when receiving the aperiodic CSI-RS, the UE applies the QCL
assumpt ion used for the CORESET associated with a monitored search space with the
lowest CORESET-ID in the latest slot in which one or more CORESETs within the active

BWP of the serving cell are monitored.
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[0112] When schedul ing offset is equal to or greater than the threshold «, i.e.,
6 =>a,
[0113] * the UE is expected to apply the QCL assumptions in the indicated TCI

states for the aperiodic CSI-RS resources in the CSI triggering state indicated by
the CSI trigger field in DCI.

[0114] The threshold « is determined according to at least one of the fol lowing
examples.

[0115] In one example 1A-1, the threshold a =Y +d, where

[0116] * Y 1s the UE reported threshold beamSwitchTiming, as defined in NR

specification, which takes a value from a set including {14,28,48},

[0117] * d=0 if the PDCCH SCS is equal the CSI-RS SCS (pppeey = Mesi—rs) and
2HCSsIRS 2HCSIRS 2HCsIRS 2HCSIRS 2HCSsIRs .
d= 142‘1PDCCH r [14 zupoccH] r 114 zupnccul r 14 zupnccH] r 14 zupnccHJ otherwise.
[0118] In one example 1A-2, the threshold a =Y xd, where
[0119] * Y is defined in example 1A-1,
2HCSI-RS _ 2HCSI-RS _
[0120] ¥ d= ~Feccn = 2HMcSI-RSTHPDCCH  gr d = [ZPPDCCH] = [2HcsI-RsTHPDCCH]  or
2HCSI-RS
d= ZF‘PDCCHJ | 2Hcs1-Rs~HPDCCH | |
[0121] In one example 1A-3, the threshold a =Y xd, where
[0122] * Y is defined in example 1A-1,
2HCSI-RS _
[0123] * d = max (1' ZPPDCCH) = 2max(0,ucsI-Rs~HPDCCH) |
[0124] In one example 1A-4, the threshold a =Y +d, where
[0125] * Y is defined in example 1A-1,
2HCSI-RS _
[0126] x d= (mecﬂ) M = (2Wcsi-rs~HpDCCH)M or
2HCSI-RS _ 2HCSI-RS _
d= [ZPPDCCHI M= |’2Pc51—Rs PPDCCH]M or d = SRPDCCH M= lZHCSI—Rs IJPDCCHJM.
[0127] In one example 1A-5, the threshold a=Y +d, where

[0128] * Y is defined in example 1A-1,
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[0129] x d=

(ZPCSI—RS

1) M = (2Hcsi-rs~HppccH — 1)M or d = ([ZHCS[—RS] - 1) M=

2UPDCCH 2HPDCCH
([2Hcsi-rs™HpDCccH] — 1)Mor d = (Etﬁ%} - 1) M = (|2¥csi-rsTHpDCCH | — 1)M.
[0130] In one example 1A-6, the threshold a=Y +d, where
[0131] * Y is defined in example 1A-1,
[0132] *
d = (max (1,222 — 1) M = max (0,5 — 1) M = (2mexOscsirs hencen) — 1)M .
[0133] In one example 1A-7, the threshold a =Y +d, where
[0134] * Y is defined in example 1A-1,
[0135) * d=0 if Uppcecy = Kesi—rs and d = M otherwise.
[0136] The parameter M in example 1A-4 through 1A-7 is determined according to

at least one of the following alternatives (Alt).

[0137] * In one alternative Alt 1A-0: M =Y.

[0138] * [n one alternative Alt 1A-1: M = 14.

[0139] * In one alternative Alt 1A-2: M = 12.

[0140] * In one alternative Alt 1A-3: M depends on Y; for example, M =14 if

Y=140r28, and M=12 if Y =48.

[0141] * [n one alternative Alt 1A-4: M depends on pcsj_grs, for example, M = 14
if Uesi—ps #2, and M =12 if pcgi_ps = 2.

[0142] * In one alternative Alt 1A-5: M = m OFDM symbols; for example, m is
the span, in number of OFDM symbols, of the PDCCH monitoring occasion in which the
triggering DCI is received.

[0143] * Inone alternative Alt 1A-6: M = m OFDM symbols, and m is configured,
for example, via higher layer or more dynamic MAC CE based or DCI based signaling,
either explicitly (using a new state or configuration parameter) or implicitly (using
one of the existing states or configuration parameters).

[0144] * In one alternative Alt 1A-7: M =m OFDM symbols, and m is reported

by the UE, for example, as part of the UE capability signaling.
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[0145] * Inone alternative Alt 1A-8: M = m OFDM symbols, and m is fixed (e.g.,
12 or 14). In one example, m = A, where the A value is given by at least one of the
examples in 3A-6 or 3A-6a. For instance, in another example, the m value is given

by the following:

[0146] *% Hppcey = 0 (i.e., 15 kHz SCS): m = 4 symbols;

[0147] #% Wppccy = 1 (i.e., 30 kHz SCS): m = 4 symbols;

[0148] #% Wppeey = 2 (i.e., 60 kHz SCS): m = 8 symbols;

[0149] ** Uppcey = 3 (i.e., 120 kHz SCS): m = 8 or 12 symbols.
[0150] In another example, the m value is given by the following:
[0151] ** t=1: m = 4 symbols;

[0152] ** t=2! m = 4 symbols;

[0153] ** t=4: m = 4 symbols;

[0154] *x t=8! m = 8 symbols;

[0155] *x* t=16: m = 8 or 12 symbols;

[0156) where t==%§§££§ or [2:§;ﬁ:] liﬁ::j:]. In these examples, the m

value can either be without the quantization step (cf. Ex 3A-6a-1) or with the

quantization step (cf. Ex 3A-6a-2).

[0157] In one example 1A-8, the threshold a =Y(1+d), where

[0158] * Y is defined in example 1A-1,

[0159] * d is according to one of example 1A-1, 1A-4, 1A-5, 1A-6, or 1A-7.
[0160] In one example 1A-9, the threshold a.==§, where

[0161] * Y is defined in example 1A-1,

[0162] * d is determined according to one of example 1A-1, 1A-4, 1A-5, 1A-6,
or 1A-7.

[0163] In sub—embodiment 1B, there is no restriction on PDCCH and CSI-RS SCSs,

i.e., Mppccy and Mcsj—grs can take any values, and the scheduling offset is defined

in the numerology of the aperiodic CSI-RS pcsi—rs. The rest of the details are the
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same as or analogous to those in sub-embodiment 1A (including all exampies and
alternatives) except that the condition “if the PDCCH SCS is equal the CSI-RS SCS
(UppccH = Mcsi—rs)  in some of the above examples (example 1A-1 through example 1A-9)
is replaced with the condition “if the PDCCH SCS is larger than or equal the CSI-RS
SCS (Mppccu = Mesi-rs) ™ -

[0164] In sub-embodiment 1C, there is no restriction on PDCCH and CSI-RS SCSs,
i.e., Uppcey and Hegi_rs can take any values. The schedul ing offset is defined based
on the maximum subcarrier spacing between the PDCCH and the aperiodic CSI-RS. Hence,
when pppcey < Mesi—rs» the scheduling offset is defined in the numerology of the
aperiodic CSI-RS pcsi—rs and the rest of the details are the same as or analogous to
those in sub-embodiment 1A (including all examples and alternatives). When
Mppccy > Mesi—rs» the scheduling offset is defined in the numerology of the PDCCH
Hppccy and the rest of the details are the same as in sub-embodiment 1A (including
all examples and alternatives) except that pes;_gs and Mppeey are swapped everywhere,
i.e., Hesi-rs 1S replaced with pppeey and Yppeen 1S replaced with pesi—gs-

[0165] In sub-embodiment 1D, there is no restriction on PDCCH and CSI-RS SCSs,
i.e., Mppccy and pcsi—rs can take any values. The schedul ing of fset is defined based
on the minimum subcarrier spacing between the PDCCH and the aperiodic CSI-RS. Hence,
when Wppcey > Mesi-rs» the scheduling offset is defined in the numerology of the
aperiodic CSI-RS pegi_gs and the rest of the details are the same as or analogous to
those in sub-embodiment 1A (including all examples and alternatives). When
Uppcel < Mcsi-rs, the scheduling offset is defined in the numerology of the PDCCH
Uppccy and the rest of the details are the same as or analogous to those in
sub-embodiment 1A (including all examples and alternatives) except that pcg_gs and
Uppccy are swapped everywhere, i.e., Hcsi—gs 1S replaced with pppeey and pppeen 18

replaced with pcs;_gs-
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[0166] In one embodiment 2, when aperiodic CSI-RS is used with aperiodic CSI
reporting, the CSI-RS triggering offset X is configured per resource set by the higher
layer parameter aperiodiclriggeringOffset. The CSI-RS triggering offset has the
values of {0, 1, 2, 3, 4, 16, 24} slots. Note that the unit of the CSI-RS triggering
offset is slot(s). The aperiodic CSI-RS is transmitted in slot n' +X, where X is the
CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer
parameter aperiodicTriggeringOffset, and n’ is the reference slot used to apply the
slot offset for AP-CSI-RS transmission. If all the associated trigger states do not
have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI
states and the PDCCH SCS is equal to the CSI-RS SCS, the CSI-RS triggering offset
X is fixed to zero.

[0167] The value n’ depends on whether Mppccy = Mesi—rs OF MppccH # Hesi—rs- At
least one of the following sub-embodiments can be used.

[0168] In one sub-embodiment 2A, the UE does not expect that the SCS associated
with the PDCCH carrying the triggering DCI is greater than the CSI-RS SCS, i.e.,
Uppcc < Mesi-grs, and the slot offset is defined in the numerology of the aperiodic
CSI-RS, ucsi—rs- Let n be the slot with the triggering DCI in the numerology of the
PDCCH containing the triggering DCI. The reference slot n’ is then determined

according to at least one of the following examples.

[0169] In one example 2A-1,
[0170] * n'=n if the PDCCH SCS is equal to the CSI-RS SCS (uppcen = Mesi-grs)
and

’ 2HcsIRs 2HCsIRS 2KCSIRS .
[0171] *n =(n+1) ~rocen ©F [(n +1) zupnccnl or l(n +1) zupoccHJ otherwise.
[0172] In one example 2A-2,
[0173] *n'=n if pppccn = Mesi-rs

' 2HKCSI-RS 2HCSI-RS 2HCSI-RS

[0174] * n=M0m+1) SAPDCen 1or [(n +1) Srcen 1] or [(n +1) Py 1J

otherwise.
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[0175] In one example 2A-3, n'=nx ﬁ% =n X 2Hcsi-RsTHPDCCH  or n' =
[ 2:;%] = [n X ZPCSI—RS—HPDCCH] or n = ln X ﬁ%J = ln X ZPCS]—RS_PPDCCHJ .
[0176] In one example 2A-4, n'=(n+1) zi;s;:: = (n + 1)2Hcsi-RsTHPDCCH  or
o = [(n+ 1) S| = [(n + 1)2¥csi-rs Hevcan] or =+ DI =+

1)2 IJCSI—RS_IJPDCCHJ .

_ . 2HCSI-RS _ (, Cpa— )
[0177] In one example 2A-5, n’ = n X max (l,m) = n x 2MaxOlcsi-rRs~HPDCCH) |
[0178] In one example 2A-6,

2HCSI-RS
’ 2HPDCCH

n’ = (n+ 1) max (1 ) =(n+ 1)2max(0,u051-Rs—uPDccn)_

ucsi—
[0179] In one example 2A-7, n'=(+e) - (n + e)2Hcsi-rsTHPDCCH  gf
2HPDCCH
2KCSI-RS 2HCSI-RS
= = Hcsi-rs—H = =
n' = [(n +e) zupnccul = [(n + e)2Hcsi-Rs"HPDCCH] or n l(n +e) zupnccHJ [(n+

g)2Mcsi-rsTHPDCCH| | where e is an indicator which takes a value e =0 when pppecy =
Hcsi—rs and another value e =1 otherwise.

[0180] In one example 2A-8,

2KCSI-RS

n=(m+e) max(l,m

) = (n + e)2max(Oucsi-rs—HppccH) | where e is an indicator which
takes a value e =0 when pppccy = Mcsi—rs and another value e =1 otherwise.

[0181] In one sub—embodiment 2B, there is no restriction on PDCCH and CSI-RS
SCSs, i.e., Mppcey and Mcsi—gs can take any values, and the slot offset is defined
in the numerology of the aperiodic CSI-RS pcs;_gs. The rest of the details are the
same as or analogous to those in sub-embodiment 2A (including all examples and
alternatives) except that the condition “if the PDCCH SCS is equal the CSI-RS SCS
(MppccH = Mcsi—rs) in some of the above examples (example 2A-1 through example 2A-8)
is replaced with the condition “if the PDCCH SCS is larger than or equal the CSI-RS
SCS (uppcch = Mesi-rs) -

[0182] In one sub-embodiment 2C, there is no restriction on PDCCH and CSI-RS

SCSs, i.e., Mppcen and Hesi-gs can take any values. The slot offset is defined based
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on the maximum subcarrier spacing between the PDCCH and the aperiodic CSI-RS. Hence,
when Uppccy < Mesi—rs. the slot offset is defined in the numerology of the aperiodic
CSI-RS pesi—gs and the rest of the details are the same as or analogous to those in
sub-embodiment 2A (including all examples and alternatives). When pppccu = Hesi—Rs »
the slot offset is defined in the numerology of the PDCCH pppccy and the rest of the
details are the same as or analogous to those in sub-embodiment 2A (including all
examples and alternatives) except that pcg_gs and Mppecy are swapped everywhere,
i.e., Hesi—gs 1S replaced with pppcey and uppecy 1S replaced with pegi_gs -

[0183] In one sub—embodiment 2D, there is no restriction on PDCCH and CSI-RS
SCSs, i.e., Mppcey and Hesi—gs can take any values. The slot offset is defined based
on the minimum subcarrier spacing between the PDCCH and the aperiodic CSI-RS. Hence,
when pppecy > Mesi—gss the slot offset is defined in the numerology of the aperiodic
CSI-RS pesi—rs and the rest of the details are the same as or analogous to those in
sub—embodiment 2A (including all examples and alternatives). When pppccy < Mcsi—Rs »
the slot offset is defined in the numerology of the PDCCH pppcey and the rest of the
details are the same as or analogous to those in sub-embodiment 2A (including all
examples and alternatives) except that pcsj_grs and Mppecy are swapped everywhere,
i.e., Ucsi—gs 15 replaced with pppcey and Hppeey 1S replaced with pesigs-

[0184] In one sub—embodiment 2E, the CSI-RS triggering offset X in some
embodiments of this disclosure, takes a value from a set S, where the unit for X is
slots in the numerology of the CSI-RS, and the set S includes {0,1,2,3,4,16,24}. The
set S also includes additional values in an another set T, where the another set
T is according to at least one of the following alternatives.

[0185] * In one alternative Alt 2E-1: T is empty, i.e., the set S=
{0,1,2,3,4,16,24}.
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[0186] * Inone alternative Alt 2E-2: T = {56, ...,15,17,18, ...,23, 25, 26, ...,Z}, i.e.,
the set $=1{0,1,2,3,4,..,Z}. Here, Z is either fixed (e.g., to 31 or 32) or configured
(e.g., from 31 or 32).
[0187] * In one alternative Alt 2E-3: T ={5,6,..,15,17,18,..,Z}, i.e., the set
$=1{0,1,2,3,4,..,7Z}. Here, Z is either fixed (e.g., to 24 or 31 or 32) or configured
(e.g., from 24 or 32).

[0188] * Jn one alternative Alt 2E-4! T={8} , 1i.e., the set
$=1{0,1,2,3,4,8,16,24}.
[0189] * In one alternative Alt 2E-5! T=¢{6,8}, i.e., the set S=

{0,1,2,3,4,6,8,16,24}.

[0190] * In one alternative Alt 2E-6: T={8,12} , i.e., the set S=
{0,1,2,3,4,8,12,16,24}.
[0191] * In one alternative Alt 2E-7: T={8,32} , i.e., the set S=

{0,1,2,3,4,8,16,24,32}.

[0192] * In one alternative Alt 2E-8: T=1{6,812}, i.e., the set S=
{0,1,2,3,4,6,8,12,16,24}.

[0193] * In one alternative Alt 2E-9: T={8,12,32}, i.e., the set S=
{0,1,2,3,4,8,12,16,24,32}.

[0194] * In one alternative Alt 2E-100 T ={6,8,12,32} , i.e., the set
$={0,1,2,3,4,6,8,12,16,24,32}.

[0195] * In one alternative Alt 2E-11: T={Z} , i.e., the set S=
{0,1,2,3,4,16,24,Z}. Here, Z is either fixed (e.g., to a value from {6,8,12,32}) or
configured (e.g., from {6,8,12,32}).

[0196] * In one alternative Alt 2E-12: T={Z,,Z,}, i.e., the set S=
{0,1,2,3,4,16,24,2,,Z,}. Here, Z, and Z, are either fixed (e.g., to two values from
{6,8,12,32}) or configured (e.g., from {6,8,12,32}).
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[0197] * In one alternative Alt 2E-13: T={Z,,Z,,Z;} , 1.e., the set
$=1{0,1,2,3,4,16,24,2,,Z,,Z5}. Here, Z,, Z,, and Z; are either fixed (e.g., to three
values from {6,8,12,32}) or configured (e.g., from {6,8,12,32}).

[0198] * In one alternative Alt 2E-14! T ={Z,,7,,723,2,}, 1.e., the set
$=1{0,1,2,3,4,16,24,7,,Z,,73,7Z,}. Here, Z,, Z,, Z3, and Z, are either fixed (e.g., to
four values from {6,8,12,20,28,32}) or configured (e.g., from {6,8,12,20,28,32}).
[0199] In one sub-embodiment 2F, the set S includes additional values according
to Alt 2E-1 through Alt 2E-14 of sub-embodiment Z2E only when a certain condition is
satisfied. For example, the certain condition can be based on the values for uppcen
and Mcsi_rs- At least one of the following alternatives can be used for the certain
condition.

[0200] In one alternative Alt 2F-1, the set S includes additional values in the
set T for both cases when Mppcey > Uesi—rs and Mppcen < Ucsi-rs, Where the set T is
the same for both cases when pppcey > Mesi—rs and Mppeen < Uesi—rs, and is according
to at least one of Alt 2E-1 through Alt 2E-13. When pppceny = Mcsi—rs » the set
$=1{0,1,2,3,4,16,24}.

[0201] In one alternative Alt 2F-1a, the set S includes additional values in
the set T for both cases when Uppcey > Mesi—rs and Mppecy < Hesi—rs, Where the set T
can be different for both cases when pppcey > Hesi-rs and Hppeen < Mesi—rs» and is
according to at least one of Alt 2E-1 through Alt 2E-13. When pppcey = Mesi—rs» the
set $={0,1,2,3,4,16,24}.

[0202] In one alternative Alt 2F-2, the set S includes additional values in the
set T for both cases when Uppccy > Hesi—-rs @nd Mppeen < Hesi-rs, Where the set T is
the same for both cases when Wppecy > Mesi—rs @nd Mppecu < Mesi—rss and is according
to at least one of Alt 2E-1 through Alt 2E-13.

[0203] In one alternative Alt 2F-2a, the set S includes additional values in

the set T for both cases when UpDCCH > Hecsi-Rs and WpDccH < Hesi-Rrs s where the set T
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can be different for both cases when pppecy > Mesi—rs and Hppecu < Mesi-rss and is
according to at least one of Alt 2E-1 through Alt 2E-13.

[0204] In one alternative Alt 2F-3, the set S includes additional values in the
set T for both cases when pppecy = Mesi-rs and Hppeeu <, where the set T is the same
for both cases when pppecn = Mesi—rs and Mppecn < Hesi-rs, and is according to at least
one of Alt 2E-1 through Alt 2E-13.

[0205] In one alternative Alt 2F-3a, the set S includes additional values in
the set T for both cases when pppcen = Hesi—rs and Wppecn < Hesi-rss Where the set T
can be different for both cases when pppecy = Mesi—rs @and Mppecu < Mesi—rss and 1s
according to at least one of Alt ZE-1 through Alt 2E-13.

[0206] In one alternative Alt 2F-4, the set S includes additional values in the
set T only when pppecnu > Hesi—rs. Where the set T is according to at least one of Alt
2E-1 through Alt 2E-13. When pppcey < Mesi-rs. the set S={0,1,2,3,4,16,24}.

[0207] In one alternative Alt 2F-5, the set S includes additional values in the
set T only when pppeen < Mesi—rs. Where the set T is according to at least one of Alt
2E-1 through Alt 2E-13. When pppcen > Hesi-rs, the set S={0,1,2,3,4,16,24}.

[0208] In one alternative Alt 2F-6, the set S includes additional values in the
set T only when Mppecy = Mesi—rs, Where the set T is according to at least one of Alt
2E-1 through Alt 2E-13. When pppccn < Hesi-rs, the set S={0,1,2,3,4,16,24}.

[0209] In one alternative Alt 2F-7, the set S includes additional values in the
set T only when Wppccn < Mesi—rs, Where the set T is according to at least one of Alt
2E-1 through Alt 2E-13. When pppccy > Mcsi-rs, the set S={0,1,2,3,4,16,24}.

[0210] [n one alternative Alt 2F-8, the set S includes additional values in the
set T only when Wppeen > Mcsi—rs, Where the set T is according to at least one of Alt

2E-1 through Alt 2E-13. When pppcen < Hesi—rs, the set S={0,1,2,3,4,16,24}.
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[0211] In one alternative Alt 2F-9, the set S includes additional values in the
set T only when pppcey < Hesi—rs» Where the set T is according to at least one of Alt
2E-1 through Alt 2E-13. When pppccy = Wesi-rs. the set S=1{0,1,2,3,4,16,24}.

[0212] In one embodiment 3, let k be the number of (OFDM) symbols between the
end of the PDCCH containing the triggering DCI and the CSI-RS. In order to avoid too
short time between DCI decoding and start receiving the triggered CSI-RS at the UE,
which could happen if k is too small, the UE processing can be relaxed. At least one
of the following embodiments can be used for this purpose.

[0213] In one sub—embodiment 3A, the UE does not expect that the SCS associated
with the PDCCH carrying the triggering DCI is greater than the CSI-RS SCS, i.e.,
MppccH < Mcsi—rs, and the UE processing relaxation is defined in the numerology of
the aperiodic CSI-RS, pesi—grs. In one example, the UE processing relaxation is
performed regardless of the values for pppcey and pesi—gs- In another example, when
HppccH = Mcsi—rs» NO processing relaxation is performed, and when pppcey < Hesi—rs, the
UE processing relaxation is performed according to at least one of the following
examples.

[0214] In one example 3A-1, the UE does not expect that the PDCCH carrying the
triggering DCI is contained in the last x symbols of the slot (in CSI-RS numerology),

i.e., k=x. In one example, x = 10.

[0215] In one example 3A-2, the UE is not required to process aperiodic CSI-RS
. HCSI- HesI- HCSI—
if there are less than mxzuiilc:: [ X zui:c::] l X ;‘;:C::J symbols between

the end of the PDCCH containing the triggering DCI and the beginning of CSI-RS, i.e.,

. Here, m is defined according to at

k<mx

2HCSI-RS 2HCSI-RS 2HCSI-RS
—e X
2MPDCCH 2HPDCCH 2HPDCCH

least one of Alt1A-5, Alt1A-6, Alt1A-7, and AIt1A-8 or m is fixed.
[0216] In one example 3A-3, the CSI-RS triggering offset X is always larger than

zZero.
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[0217] In one example 3A-4, the UE processing is relaxed by y slots in CSI-RS
numerology. In one example, y = 1.
[0218] In one example 3A-5, the slot offset is applied as follows.
[0219] * slot offset = max(1,X) if Uppccy # Hesi-rs. and
[0220] * slot offset = X if Wppccw = Hesi-grs -
[0221] In one example 3A-6, the UE processing relaxation is based on choosing

an appropriate Beamswitchtiming Y (cf. embodiment 1).
[0222] In one example 3A-6a, the UE processing relaxation is based on defining
the earliest possible starting point for the CSI-RS transmission/reception (T). In

one example, T = the end of the PDCCH + A or the end of the PDCCH + A xt, where

2HCSI-RS [zPCSI—Rs] IZPCSl—RS
~ 2HPDCCH 2MPDCCH

Eﬁﬁiiid and A is defined according to at least one of the

following examples.

[0223] * In one example Ex 3A-6a-1: The A is determined as a number of symbols
based on CSI-RS SCS counting from the end of the last symbol of the received PDCCH
symbol to the beginning of the first symbol of the corresponding received CSI-RS,
i.e., the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS
starts no earlier than at least A=Acsirs PDCCH symbols after the end of the PDCCH
triggering the aperiodic CSI-RS.

[0224] * In one example Ex 3A-6a-2: The A is determined as a number of symbols
based on CSI-RS SCS counting from the end of the last symbol of the received PDCCH
symbol to the beginning of the first symbol of the corresponding received CSI-RS,
which is quantized (using the granularity of CSI-RS slot duration) to the next CSI-RS
slot boundary, i.e., the UE is expected to be able to measure the aperiodic CSI RS,
if the CSI-RS starts no earlier than the first symbol of the CSI-RS carrier’ s slot
that starts at least A=Ncsirs PDCCH symbols after the end of the PDCCH triggering
the aperiodic CSI-RS.
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[0225] When Wppcey > Mesi—rs» for the UE processing relaxation time (T), the
definition Ex 3A-6a-1 is used.
[0226] In one example, the A value is given by the following:
[0227] * uppcey =0 (i.e., 15 kHz SCS): A = 4 symbols;
[0228] * wppccy = 1 (i.e., 30 kHz SCS): A = 4 symbols;
[0229] * Uppeen = 2 (i.e., 60 kHz SCS): A = 8 symbols;
[0230] * Uppeey = 3 (i.e., 120 kHz SCS): A = 8 or 12 symbols.
[0231] In another example, the A value is given by the following:
[0232] * t=1: A = 4 symbols;
[0233] * t=2. A =4 symbols;
[0234] * t=4! A =4 symbols;
[0235] * t=8! A = 8 symbols;
[0236] * t=16: A = 8 or 12 symbols;
O here e= B or 2 or [
[0238] In another example, the A value is given by m X t, where t= 2:(;:;:: or
[ﬁ%} Et:%j and m is fixed, for example, to 4.
[0239] In another example, the A value is fixed, for example, to 4.
[0240] In these examples, the A value can either be without the quantization
step (Ex 3A-6a-1) or with the quantization step (Ex 3A-6a-2).
[0241] In one example 3A-7, the UE processing relaxation depends on the value
X€{0,..,416,24} of aperiodiclriggeringOffset
[0242] * [f X=0, the relaxation is performed according to at least one of
Example 3A-1 through 3A-6 or 3A-6a.
[0243] * [f X> 0, no processing relaxation is performed.
[0244] In one sub-embodiment 3AA, the UE does not expect that the SCS associated

with the PDCCH carrying the triggering DCI is greater than the CSI-RS SCS, i.e.,

MppceH < Mesi—rss and the UE processing relaxation is defined in the numerology of
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the PDCCH, uppcey - In one example, the UE processing relaxation is performed
regardless of the values for  pppeey and Wesi—gs - In another example, when
HppccH = Mesi—rs > NO processing relaxation is performed, and when Mppcey < Mesi—rs, the
UE processing relaxation is performed according to at least one of the following
examples.

[0245] In one example 3AA-1, the UE does not expect that the PDCCH carrying the
triggering DCI is contained in the last x symbols of the slot (in PDCCH numerology),

1.e., k=x. In one example, x = 10.

[0246] In one example 3AA-2, the UE is not required to process aperiodic CSI-RS
. Kcsi- Hesi- HesI-
if there are less than mx;iilc:: [ zpii::] r lmx ;:IC::J symbols between

the end of the PDCCH containing the triggering DCI and the beginning of CSI-RS, i.e.,

2HCSI-RS [ 2HcsI- RS] l 2HCSI-RS

~mrocer OF X irocch 2PPDCCHJ' Here, m is defined according to at

k<mx

least one of Alt1A-5, Alt1A-6, and Alt1A-7 or m is fixed.

[0247] In one example 3AA-3, the CSI-RS triggering offset X is always larger
than zero.
[0248] In one example 3AA-4, the UE processing is relaxed by y slots in PDCCH

numerology. In one example, y = 1.

[0249] In one example 3AA-5, the slot offset is applied as follows.

[0250] * slot offset = max(1,X) if Wppccuy # Hesi—rs, and

[0251] * slot offset = X if Wppcew = Kesi—Rs -

[0252] In one example 3AA-6, the UE processing relaxation is based on choosing

an appropriate Beamswitchtiming Y (cf. embodiment 1).
[0253] In one example 3AA-6a, the UE processing relaxation is based on defining
the earliest possible starting point for the CSI-RS transmission/reception (T). In

one example, T = the end of the PDCCH + A, or the end of the PDCCH + A x t, where

2HCSI-RS 2HCSI-RS 2HCSI-RS . . .
= [ ] [—J and A is defined according to at least one of the
2HPDCCH 2MPDCCH 2HPDCCH

following examples.
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[0254] * In one example Ex 3AA-6a—1: The A is determined as a number of symbols
based on PDCCH SCS counting from the end of the last symbol of the received PDCCH
symbol to the beginning of the first symbol of the corresponding received CSI-RS,
i.e., the UE is expected to be able to measure the aperiodic CSI RS, if the CSI-RS
starts no earlier than at least A=Ncsirs PDCCH symbols after the end of the PDCCH
triggering the aperiodic CSI-RS.

[0255] * [n one example Ex 3AA-6a-2: The A is determined as a number of symbols
based on PDCCH SCS counting from the end of the last symbol of the received PDCCH
symbol to the beginning of the first symbol of the corresponding received CSI-RS,
which is quantized (using the granularity of CSI-RS slot duration) to the next CSI-RS
slot boundary, i.e., the UE is expected to be able to measure the aperiodic CSI RS,
if the CSI-RS starts no earlier than the first symbo! of the CSI-RS carrier’ s slot
that starts at least A=Ncssrs PDCCH symbols after the end of the PDCCH triggering
the aperiodic CSI-RS.

[0256] When uppccn > Mesi—rs, for the UE processing relaxation time (T), the
definition Ex 3AA-6a-1 is used.

[0257] In one example, the A value is given by the following:
[0258] * pppecy =0 (i.e., 15 kHz SCS): A = 4 symbols;

[0259] * tppeey = 1 (i.e., 30 kHz SCS): A = 4 symbols;

[0260] * Uppcey = 2 (i.e., 60 kHz SCS): A = 8 symbols;

[0261] * Wppecy =3 (i.e., 120 kHz SCS): A = 8 or 12 symbols.
[0262] In another example, the A value is given by the following:
[0263] * t=1! A =4 symbols;

[0264] * t=2! A =4 symbols;

[0265] * t=4! A =4 symbols;

[0266] * t=8! A = 8 symbols;

[0267] * t=16: A = 8 or 12 symbols;
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2HCSI-RS 2HCSI-RS 2HCSI-RS

[0268] where t= 2HPDCCH [zPPDCCH] lzPPDCCHJ'

. . 2UCSI-RsS
[0269] In another example, the A value is given by m X t, where t= T
2KCSI-RS 2KCSI-RS . .
[m] [ml and m is fixed, for example, to 4.
[0270] In another example, the A value is fixed, for example, to 4 or 8.
[0271] In these examples, the A value can either be without the quantization
step (Ex 3AA-6a-1) or with the quantization step (Ex 3AA-6a-2).
[0272] In example 3AA-7, the UE processing relaxation depends on the value
X €{0,..,416,24} of aperiodiclriggeringOffset
[0273] * [f X=0, the relaxation is performed according to at least one of
Example 3AA-1 through 3AA-6 or 3AA-6a.
[0274] * Jf X> 0, no processing relaxation is performed.
[0275] In one sub-embodiment 3B, there is no restriction on PDCCH and CSI-RS

SCSs, i.e., Wppcey and pesi—rs can take any values, and the UE processing relaxation
is defined in the numerology of the aperiodic CSI-RS pcsi_rs- The rest of the details
are the same as or analogous to those in sub-embodiment 3A/3AA (including all examples
and alternatives) except that the condition “if the PDCCH SCS is equal the CSI-RS
SCS (Mppcen = Mcsi-rs) . in some of the above examples (example 3A-1/3AA-1 through
example 3A-7/3AA-7) is replaced with the condition “if the PDCCH SCS is larger than
or equal the CSI-RS SCS (uppcen = Wesi-rs) -

[0276] In one sub—embodiment 3C, there is no restriction on PDCCH and CSI-RS
SCSs, i.e., Mppcey and Meg_gs can take any values. The UE processing relaxation is
defined based on the maximum subcarrier spacing between the PDCCH and the aperiodic
CSI-RS. Hence, when pppcey < Mesi—rs, the UE processing relaxation is defined in the
numerology of the aperiodic CSI-RS pcsi—gs and the rest of the details are the same
as or analogous to those in sub-embodiment 3A (including all examples and
alternatives). When pppecy > Wesi—rs, the UE processing relaxation is defined in the

numerology of the PDCCH pppecy and the rest of the details are the same as or analogous
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to those in sub—embodiment 3A (including all examples and alternatives) except that
Hcsi-rs and Mppecy are swapped everywhere, i.e., Wcsi-gs 1S replaced with pppccy and
Hppccy 1S replaced with pesi—gs-

[0277] In one sub-embodiment 3D, there is no restriction on PDCCH and CSI-RS
SCSs, i.e., Mppccuy and pesi—grs can take any values. The UE processing relaxation is
defined based on the minimum subcarrier spacing between the PDCCH and the aperiodic
CSI-RS. Hence, when pppecy > Wesi—rss the UE processing relaxation is defined in the
numerology of the aperiodic CSI-RS pesi-rs and the rest of the details are the same
as or analogous to those in sub-embodiment 3A (including all examples and
alternatives). When pppecy < Mesi—rs. the UE processing relaxation is defined in the
numerology of the PDCCH pppcey and the rest of the details are the same as or analogous
to those in sub—embodiment 3A (including all examples and alternatives) except that
Hesi—rs @nd Wppeey are swapped everywhere, i.e., Mesi—rs 1S replaced with pppecy and
Uppccy 1S replaced with pesi_gs-

[0278] In one embodiment 4A, the PDCCH containing the triggering DCI triggers
an AP-SRS transmission by the UE. The embodiments 1 through 3 {(on AP-CSI-RS reception)
can be used (analogously) for AP-SRS transmission by the UE in a straightforward
manner .

[0279] Regarding AP-SRS, for a UE configured with one or more SRS resource
configuration(s), and when the higher layer parameter resourcelype in SRS-Resource
is set to 'aperiodic':

[0280] - the UE receives a configuration of SRS resource sets;

[0281] - the UE receives a downlink DCI, a group common DCI, or an uplink DCI
based command where a codepoint of the DCI may trigger one or more SRS resource set(s).
For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the
minimal time interval between the last symbol of the PDCCH triggering the aperiodic

SRS transmission and the first symbol of SRS resource is No. Otherwise, the minimal
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time interval between the last symbol of the PDCCH triggering the aperiodic SRS
transmission and the first symbol of SRS resource is No + 14. The minimal time interval
in units of OFDM symbols is counted based on the minimum subcarrier spacing between
the PDCCH and the aperiodic SRS.

[0282] - If the UE receives the DCI triggering aperiodic SRS in slot n, the UE

transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot

zﬂsxs

+k

where k is configured via higher layer parameter s/otOffset for each

n.2ﬂPDCCH

triggered SRS resources set and is based on the subcarrier spacing of the triggered
SRS transmission, uSKS and pPDCCH are the subcarrier spacing configurations for
triggered SRS and PDCCH carrying the triggering command respectively.

[0283] According to this embodiment, the minimal time interval in units of OFDM
symbols is counted based on the minimum subcarrier spacing between the PDCCH and the
aperiodic SRS. Alternatively, the minimal time interval between the last symbol of
the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS
resource is t=Ny,+zXp or t=(N,+2z)Xp, where z=0 for SRS in a resource set
with usage set to 'codebook' or 'antennaSwitching', and z=X> 0 otherwise (i.e.,
for SRS in a resource set with usage set to 'nonCodebook' or 'beamManagement'). In
one example X = 14.The parameter p is determined according to at least one of the

following examples.

2HSRS 2HSRS 2HSRS 2HSRS
[0284] In one example, p"'zupncm-[ [ZHPDCCH] lzPPDCCHj [ZPPDCCH] r
2HSRS
[zuPDCCHJ'
[0285] In another example, p = (2VsRsTHPDCCH) or p = [2MSRSTHPDCCH| or p =
lZHSRs—uPDCCHJ .
2HUsRsS

[0286] In another example, p = max (1 ) = 2max(0usrs—HppccH)

’ 2WPDCCH



WO 2020/256516 PCT/KR2020/008071

49

[0287] Likewise, if the UE receives the DCI triggering aperiodic SRS in slot
n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in
slot n’+k where k is configured via higher layer parameter slotOffset for each
triggered SRS resources set and n’ is determined according to at least one examples
2A-1 through 2A-8 except that pecs;_gs needs to be replaced with pgps in these examples.
[0288] In one embodiment 4B, the PDCCH containing the triggering DCI triggers
an aperiodic DL RS (e.g., CSI-RS) reception by the UE. The embodiments 1 through 3
(on AP-CSI-RS reception) can be used (analogously) for aperiodic DL RS (e.g., CSI-RS)
reception by the UE in a straightforward manner.

[0289] In one embodiment 4C, the PDCCH containing the triggering DCI triggers
an aperiodic UL RS (e.g., SRS) transmission by the UE. The embodiments 1 through 3
(on AP-CSI-RS reception) can be used (analogously) for aperiodic UL RS (e.g., SRS)
transmission by the UE in a straightforward manner.

[0290] The UE may be configured with non—codebook based UL transmission when
the higher layer parameter txConfig is set to 'nonCodebook'.

[0291] For non-codebook based transmission, PUSCH can be scheduled by DCI format
0_0, DCI format O_1 or semi-statically configured to operate. The UE can determine
its PUSCH precoder and transmission rank based on the SRI when multiple SRS resources
are configured, where the SRI is given by the SRS resource indicator in DCI, or the
SRI is given by srs—Kesourcelndicator. The UE may use one or multiple SRS resources
for SRS transmission, where, in an SRS resource set, the maximum number of SRS
resources which can be configured to the UE for simultaneous transmission in the same
symbol and the maximum number of SRS resources are UE capabilities. In one example,
only one SRS port for each SRS resource is configured. In one example, only one SRS
resource set can be configured with higher layer parameter usage in SKS-ResourceSet
set to 'nonCodebook'. In one example, the maximum number of SRS resources that can

be configured for non—-codebook based uplink transmission is 4. The indicated SRI in
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slot n is associated with the most recent transmission of SRS resource(s) identified
by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI.
[0292] For non-codebook based transmission, the UE can calculate the precoder
used for the transmission of SRS based on measurement of an associated NZP CSI-RS
resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource
set with higher layer parameter usage in SKS-KesourceSet set to 'nonCodebook' if
configured.

[0293] - If aperiodic SRS resource set is configured, the associated NZP-CSI-RS
i1s indicated via SRS request field in DCI format O0_1 and 1.1, where
AperiodicSRS-Resourcelrigger (indicating the association between aperiodic SRS
triggering state and SRS resource sets), triggered SRS resource(s) srs-ResourceSet Id,
csi—-RS (indicating the associated NZP-CS/-RS-Kesourceld) are higher layer configured
in SKS-ResourceSet. A UE is not expected to update the SRS precoding information if
the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource
and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols.
[0294] - If the UE is configured with aperiodic SRS associated with aperiodic
NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SKS
request field if the value of the SRS request field is not '00' and if the scheduling
DCI is not used for cross carrier or cross bandwidth part scheduling. The CSI-RS is
located in the same slot as the SRS request field. If the UE configured with aperiodic
SRS associated with aperiodic NZP CSI-RS resource, any of the TCI states configured
in the scheduled CC shall not be configured with 'QCL-TypeD'.

[0295] In the following embodiments on this component, we assume that the UE
is configured with a SRS resource set, and associatedCSI-KS in SKS-ResourceSet for
the SRS resource set for non-codebook based UL transmission, the details of which
are as explained above. We further assume that SRS resource(s) in the SRS resource

set are configured to be aperiodic.
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[0296] In one embodiment 5A, the PDCCH containing the DCI triggers AP-SRS where
the AP-SRS is associated with an AP-CSI-RS (e.g., AP—-CSI-RS can be received by the
UE to obtain beamforming/precoding information for pre-coded AP-SRS transmission).
In one example, AP-CSI-RS is associated with an AP-SRS via higher layer configuration
(this is pertinent when DL-UL beam correspondence or reciprocity holds). At least
one of embodiments 1-3, or sub—embodiments therein, can be used (analogously) for
aperiodic CSI-RS transmission in this case. The DCI triggering aperiodic CSI-RS can
be DL-related DCI or UL-related DCI.

[0297] Let Wppcen, Mesi—rs. and Msrs, respectively, be the subcarrier spacing
configurations for PDCCH, CSI-RS, and SRS. In the following embodiment, the subcarrier
spacing configurations for PDCCH and CSI-RS are the same, i.e., Mppcch = Hcsi-rs, and
that for SRS can be different from PDCCH/CSI-RS.

[0298] In one embodiment 5B, the PDCCH containing the DCI triggers AP-SRS where
the AP-SRS is associated with an AP-CSI-RS (e.g., AP-CSI-RS can be received by the
UE to obtain beamforming/precoding information for pre-coded AP-SRS transmission).
In one example, AP-CSI-RS is associated with an AP-SRS via higher layer configuration
(this is pertinent when DL-UL beam correspondence or reciprocity holds).

[0299] Regarding the QCL assumption for SRS transmission, the UE is not expected
to be configured with ‘QCL-Type D’ which indicates spatial filtering information
(the spatial filtering information is instead derived based on AP-CSI-RS associated
with the AP-SRS).

[0300] Since CSI-RS is located in the same slot as PDCCH, the slot offset between
PDCCH and CSI-RS is zero.

[0301] The minimal time interval between the last symbol of the PDCCH triggering
the aperiodic SRS transmission and the first symbol of SRS resource is determined

according to at least one example/alternative in embodiment 4A.
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[0302] The slot offset between PDCCH and SRS transmission is determined
according to at least one example/alternative in embodiment 4A.

[0303] The processing time between AP-CSI-RS reception and AP-SRS transmission
needs to be such that the UE can derive/calculate the updated SRS precoding information
after AP-CSI-RS reception. At least one of the following examples is used for the
processing time.

[0304] * In one example 5B-1, a UE is not expected to update the SRS precoding
information if the gap from the last symbol of the reception of the aperiodic
NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less
than Z OFDM symbols. In one alternative, Z is fixed (e.g., 42). In another
alternative, Z is configured to the UE.

[0305] * In one example 5B-2, a UE is not expected to update the SRS precoding
information if the gap from the last symbol of the reception of the aperiodic
NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less
than Z OFDM symbols, where the OFDM symbols is counted based on the minimum subcarrier
spacing between the PDCCH (or AP-CSI-RS) and the AP-SRS. In one alternative, Z is
fixed (e.g., 42). In another alternative, Z is configured to the UE.

[0306] * In one example 5B-3, a UE is not expected to update the SRS precoding
information if the gap from the last symbol of the reception of the aperiodic
NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less
than 42 xq OFDM symbols, where the parameter q is determined according to at least

one of the following examples. Note here that Mppcey = Hesi—gs -

, __ 2Psms 2HUsRs 2HsRs 2HSRS
[0307] ** In one example’ q= 2HPDCCH [zPPDCCH] lzl‘PDCCHJ [ZPPDCCHl
2HsRs
r lzPPDCCHJ :
[0308] *x [n another example, q= (24srs~HpPDCCH) or = [2Hsrs~HpDCcCH] or

q= | 2Hsrs~HpDCCH | |

2MSRS
’ 2HPDCCH

[0309] #*% In another example, q = max (1 ) = 2max(0,usrs~HPDCCH) |
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[0310] * In one example 5B-4, a UE is not expected to update the SRS precoding
information if the gap from the last symbol of the reception of the aperiodic
NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less
than Z X q OFDM symbols, where the parameter q is determined according to at least
one of the following examples in example 5B-3, and Z is either fixed (e.g., 14, 28,
42, or 48), or configured to the UE.
[0311] In 3GPP NR specification, the UL transmission is configured to be either
codebook-based or non-codebook-based via higher layer parameter ¢xConfig in
PUSCH-Config set to either “codebook” or “nonCodebook.”
[0312] According to 3GPP NR specification, the following is supported for
codebook based UL transmission. For codebook based transmission, the UE determines
the UE’ s codebook subsets based on TPMI and upon the reception of higher layer
parameter ULCodebookSubset or codebookSubset in PUSCH-Config which may be configured
with “ful IAndPart i alAndNonCoherent,” or “partialAndNonCoherent,” or
“nonCoherent” depending on the UE capability. The maximum transmission rank may
be configured by the higher parameter (LmaxFank or maxKRank in PUSCH-Config.
[0313] A UE reporting the UE’ s UE capability of “partialAndNonCoherent”
transmission may not expect to be configured by ULCodebookSubset with
“ful [AndPart ialAndNonCoherent.”
[0314] A UE reporting the UE’ s UE capability of “Non-Coherent” transmission
may not expect to be configured by ULCodebookSubset with
“ful lAndPart ialAndNonCoherent” or with “partialAndNonCoherent.”
[0315] A UE may not expect to be configured with the higher layer parameter
ULCodebookSubset set to “partialAndNonCoherent” when two antenna ports are
configured.
[0316] In the present disclosure, “ful 1AndPart ial AndNonCoherent ,”

“partialAndNonCoherent.” and “Non-Coherent” are referred to as the three examples
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of coherence type/capability, where the term “coherence” implies a subset of antenna
ports at the UE that can be used to transmit a layer of UL data coherently.
[0317] According to NR specification, for non—codebook-based UL transmission,
the precoding matrix % equals the identity matrix. For codebook-based UL
transmission, the precodingmatrix ¥ isgivenby =1 for single-layer transmission
on a single antenna port, otherwise by TABLE 3 to TABLE 8.

[0318] The subset of TPMI indices for the three coherence types are summarized
in TABLE 9 and TABLE 10 where rank = r corresponds to (and is equivalent to) r layers.
[0319] The rank (or number of layers) and the corresponding precoding matrix
W are indicated to the UE using TRI and TPMI, respectively. In one example, this
indication is joint via a field “Precoding information and number of layers” in
DCI, e.g., using DCI format O_1. In another example, this indication is via higher
layer RRC signaling. In one example, the mapping between a field “Precoding
information and number of layers” and TRI/TPMI is according to NR.

[0320] The rank (or number of layers) and the corresponding precoding matrix
W are indicated to the UE using TRI and TPMI, respectively. In one example, this
indication is joint via a field “Precoding information and number of layers” in
DCI, e.g., using DCI format O_1. In another example, this indication is via higher
layer RRC signaling. In one example, the mapping between a field “Precoding
information and number of layers” and TRI/TPMI is according to NR.
[0321] [Table 3]

TPMI w

index (ordered from left to right in increasing order of TPMI index)

= AT [ LAl [H)] - | -

[0322] [Table 4]
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index (ordered from left to right in increasing order of TPMI index)
1] 0 [0] 0 1] 1 1 1
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1] [-1] L] - /] 1] j -1 [~ /]
1] 1 [ 1] [1] 1 1 1] 1
1| Jj 1| J 1| 7 1| J 1|-1 1{-1 1|-1 1| -1
16=23 1\ Sl | 2|5 2| =1]] 2|-4] | 2|1 i 2] 2|
] -1J -] 1] -1 —J 1) J
1 1 (1] 1
vi—jl|1|=-7| | 1]-s]]| |-/
S I R B I IV N B B U 1 ' ‘
-J 1 L J ] -1
[0323] [Table 5]
TPMI w
index (ordered from left to right in
increasing order of TPMI index)
11 o] 11 1 11 1
0-2 f[o 1] EL —1] E[j —j]
[0324] [Table 6]
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TPMI w
index (ordered from left to right in increasing order of TPMI index)
1 00 1 00 (1 00 1 1 1
1o 1 0 110 1 0 110 10 11 -1 1
0-3 210 0 1 2|1 0 0 2]-1 0 0 231 1 -1
000 001 0 01 1 -1 -1
1 1 1 111 1 1 1
4_6 Ll—l 1 L—ll—l L—ll—l
- 2317 7 =il | 2B|1 1 -1 |23 J - i
J —Jj —J -1 11 -7 J
[0326] [Table 8]
TPMI w
index (ordered from left to right in increasing order of TPMI index)
1 000 1 1 0 O 1 1 0 O 1 1 1 1
0-3 10100 LOOII _1_0011 11—11—1
a 210 01 0 22|11 -1 0 0 2217 -7 0 0 41 1 -1 -1
0001 0 1 -1 0 0 j —j 1 -1 -1 1
1 1 1 1
11 -1 1 -1
4 4lj =i -J i ) )
Jo-J =i J
[0327] [Table 9]
Rank | Non-Coherent | fullAndPartialAndNonCoherent
1 0-1 0-5
2 0 0-2
[0328] [Table 10]
Rank | Non-Coherent | partialAndNonCoherent | fullAndPartialAndNonCoherent
1 0-3 0-11 0-27
2 0-5 0-13 0-21
3 0 0-2 0-6
4 0 0-2 0-4
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[0329] [n one embodiment 6A1, a UE is configured with a low-resolution dual-stage
codebook C; for codebook-based UL transmission where the codebook C; comprises
precoding matrices W = WIW2, where

[0330] * the first component W1 is a group of L pre-coders/beams/ports, and
[0331] * the second component W2 is a selection vector which selects 1
pre—coder/beam/port (from the L pre-coders/beams/ports in W1) per layer, and if UE
antennas are dual-polarized, then it may also select a co—phase value.

[0332] An example of such a codebook i1s NR Type I CSI codebook.

[0333] In one embodiment 6A2, a UE is configured with a high-resolution
dual-stage codebook C, for codebook-based UL transmission where the codebook C,

comprises precoding matrices W = WIW2, where

[0334] * the first component W1 comprises a group of L pre-coders/beams/ports,
and
[0335] * the second component W2 is a combination vector which combines L

pre—coders/beams/ports (in W1) per layer.

[0336] An example of such a codebook is NR Type 11 CSI codebook. Another example
of such as codebook is that W1 is (potentially oversampled) DFT codebook and W2 is
NR UL codebook (either all or a subset of pre-coder/pre-coding matrices).

[0337] [f both W1 and W2 are indicated by the gNB to the UE, then at least one
of the following alternatives is used for the indication.

[0338] * In one alternative Alt 6A-1: A joint TPMI indicates both W1 and W2.
[0339] * In one alternative Alt 6A-2: A joint SRI indicates both W1 and W2. If
number of SRS resources > 1, then the selected SRS resource(s) is (are) also indicated
jointly with SRI.

[0340] * In one alternative Alt 6A-3: A joint SRIZ indicates both W1 and W2.
If number of SRS resources > 1, then the selected SRS resource(s) is (are) indicated

via a separate SRI indication.
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[0341] * In one alternative Alt 6A-4: A first TPMI1 indicates W1, and a second
TPMI2 indicates W2.
[0342] * In one alternative Alt 6A-5: TPMI indicates W1, and SRI indicates W2.

If number of SRS resources > 1, then the selected SRS resource(s) is (are) also
indicated jointly with SRI.

[0343] * In one alternative Alt 6A-6: TPMI indicates W1, and SRI2 indicates W2.
If number of SRS resources > 1, then the selected SRS resource(s) is (are) indicated
via a separate SRl indication.

[0344] * In one alternative Alt 6A-7: TPMI indicates W2, and SRI indicates WI.
[f number of SRS resources > 1, then the selected SRS resource(s) is (are) also
indicated jointly with SRI.

[0345] * In one alternative Alt 6A-8: TPMI indicates W2, and SRI2 indicates W1.
If number of SRS resources > 1, then the selected SRS resource(s) is (are) indicated
via a separate SRI indication.

[0346] * In one alternative Alt 6A-9: A first SRI1 indicates W1, and a second
SRI2 indicates W2. If number of SRS resources > 1, then the selected SRS resource(s)
is (are) also indicated jointly either with SRI1 or SRI2.

[0347] * In one alternative Alt 6A-10: A first SRI1 indicates W1, and a second
SRIZ indicates W2. If number of SRS resources > 1, then the selected SRS resource(s)
is (are) indicated via a separate SRI indication.

[0348] [f only W1 is indicated by the gNB to the UE (e.g. when W2 is determined
by the UE in a transparent manner), then at least one of the following alternative
is used for the indication.

[0349] * [n one alternative Alt 6A-11: TPMI indicates WI1.

[0350] * In one alternative Alt 6A-12: SRI indicates W1. If number of SRS
resources > 1, then the selected SRS resource(s) is (are) also indicated jointly with

SRI.
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[0351] * In one alternative Alt 6A-13: SRI2 indicates W1. If number of SRS
resources > 1, then the selected SRS resource(s) is (are) indicated via a separate
SRI indication.

[0352] If only W2 is indicated by the gNB to the UE (e.g. when W1 is determined
by the UE in a transparent manner), then at least one of the following alternative
is used for the indication.

[0353] * In one alternative Alt 6A-14: TPMI indicates W2.

[0354] * In one alternative Alt 6A-15: SRI indicates W2. If number of SRS
resources > 1, then the selected SRS resource(s) is (are) also indicated jointly with
SRI.

[0355] * In one alternative Alt 6A-16: SRIZ indicates W2. If number of SRS
resources > 1, then the selected SRS resource(s) is (are) indicated via a separate
SRI indication.

[0356] The W1 indication is in a WB manner, i.e., a single W1l is indicated common
for all scheduled PRBs/SBs for UL transmission. The W2 indication, on the other hand,
can either be in a WB manner or per SB, i.e., one W2 is indication for each scheduled
PRB/SB.

[0357] The W1 indication can be via UL-related DCI (e.g., DCI format O_1 in NR).
Alternatively, it is via higher-layer (e.g., RRC) signaling.

[0358] Alternatively, the W1 indication is via PDSCH. Likewise, the W2
indication can be via UL-related DCI (e.g., DCI format O_1 in NR). Alternatively,
the W2 indication is via higher-layer (e.g., RRC) signaling. Alternatively, the W2
indication is via PDSCH.

[0359] In one alternative, the value L in UL codebooks (C; and C;) is fixed,
for example, L=1 for C; and L=2 for C,. In another alternative, the value L in
UL codebooks (C; and C,) is configured (e.g. via higher layer RRC signaling), for

example, from {1,2}.
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[0360] In one example, when L =1 for C;, the UL codebook is the same as NR Type
I codebook for Codebook-Config 1.
[0361] In one example, when L =2 for C,, the UL codebook is the same as Rel.

15 Type Il codebook, except that there can be some additional restrictions such as
either one or any combination of the following restrictions.

[0362] * The W2 comprises only coefficient phase, where the phase codebook is
fixed to QPSK (2 bits per coefficient). The coefficient amplitude is assumed to be
one.

[0363] * The W2 comprises only coefficient phase, where the phase codebook is
configurable fromQPSK (2 bits) and 8PSK (3 bits). The coefficient amplitude is assumed
to be one.

[0364] * The W2 comprises coefficient phase and coefficient amplitude, where

the phase codebook is fixed to QPSK (2 bits per coefficient) and the coefficient

amplitude is fixed to {0,321} (2 bits).
[0365] * The W2 comprises coefficient phase and coefficient amplitude, where

the phase codebook is configurable from QPSK (2 bits) and 8PSK (3 bits) and the

coefficient amplitude is fixed to {0,3,%,1} (2 bits).

[0366] * The W2 comprises coefficient phase and coefficient amplitude, where
the phase codebook is fixed to QPSK (2 bits per coefficient) and the coefficient
amplitude is fixed to WB amplitude codebook in Rel.15 Type II codebook.

[0367] * The W2 comprises coefficient phase and coefficient amplitude, where
the phase codebook is configurable from QPSK (2 bits) and 8PSK (3 bits) and the
coefficient amplitude is fixed to WB amplitude codebook in Rel.15 Type II codebook.
[0368] * Only rank 1 is supported.

[0369] FIGURE 11 illustrates a method for a partial reciprocity based scheme

1100 according to embodiments of the present disclosure. The embodiment of the partial

reciprocity based scheme 1100 illustrated in FIGURE 11 is for illustration only.
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FIGURE 11 does not limit the scope of this disclosure to any particular implementation
of the partial reciprocity based scheme 1100.

[0370] In one embodiment 7, a UE is configured with codebook-based UL
transmission according to the method illustrated in FIGURE 11. As illustrated in
FIGURE 11, The UE receives higher-layer configuration to transmit Nggg =1 SRS
resources. Inresponse, the UE transmits SRS resources according to the configuration.
The gNB measures these SRS resources, estimates UL channel based on the SRS measurement,
and then determines/calculates W1 (indicating a group of precoders/beams). The UE
receives an indication about W1 (from the gNB). The UE next receives a configuration
about CSI-RS measurement (for W2 calculation). The UE receives/measures CSI-RS,
estimates DL channel, and (assuming reciprocity) uses it as UL channel for W2
calculation. The UE finally transmits UL transmission using pre-coder/pre-coding
matrix W =W1W2, where W1 is indicated by the gNB, and W2 is determined by the UE.
Since W2 is transparent to the gNB/NW, the UE can calculate W2 for each scheduled
PRB/SB for UL transmission, i.e., the UL precoding can be applied in a per PRB/SB
manner .

[0371] Since W1 is a WB component of the pre—coding matrix W, it can be indicated
via higher layer (e.g. RRC) signaling. Alternatively, W1l is indicated via UL-related
DCI (e.g. DCI format O_1 in NR). Also, W1 indication can be via a separate UL-related
DCI parameter. Or, this indication can be via an existing UL-related DCI parameter
such as TPMI or SRI.

[0372] The W1 indication can correspond to a fixed rank (transmit rank indicator
or TRI) value, for example, rank 1. Or, a rank (TRI) value is also indicated jointly
with the W1 indication. Or, a rank (TRI) value is also indicated separately from the
W1 indication. In the latter case, at least one of the following indication

alternatives can be used.
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[0373] * Inone alternative Alt 7-1: W1 indication is via higher-layer signaling
and TRI indication is via DCI. Their respective indication is either joint using an
existing parameter or separate using a new parameter.

[0374] * In one alternative Alt 7-2: W1 indication is via DCI and TRI indication
is via higher—layer signaling. Their respective indication is either joint using an
existing parameter or separate using a new parameter.

[0375] * In one alternative Alt 7-3: Both W1 and TRI indication are via DCI,
either jointly using a single parameter or separately using two parameters.

[0376] * In one alternative Alt 7-4: Both W1 and TRI indication are via
higher-layer signaling, either jointly using a single parameter or separately using
two parameters.

[0377] The W2 calculation at the UE either follows rank indicated via TRI or
has a fixed rank (e.g. rank 1). In an alternative, TRI is indicated via higher layer
signaling, and W1 and W2 are calculated/indicated accordingly.

[0378] The other UL-related parameters such as MCS can be indicated jointly with
the W1 indication. Or, they are indicated via a separate indication (e.g., via DCI).
[0379] The SRS and CSI-RS resources can be linked (or associated with each other)
via higher layer configuration of parameters such as associatedSKS in
CS[-RS-KesourceSet for CSI-RS resource and associatedCSI-RS in SKS-ResourceSet for
SRS resource.

[0380] FIGURE 12 illustrates another method for a partial reciprocity based
scheme 1200 according to embodiments of the present disclosure. The embodiment of
the partial reciprocity based scheme 1200 illustrated in FIGURE 12 is for illustration
only. FIGURE 12 does not limit the scope of this disclosure to any particular
implementation of the partial reciprocity based scheme 1200.

[0381] In one embodiment 7A, as illustrated in FIGURE 12, which is a variation

of embodiment 7, the UE is further configured to transmit W2 to the gNB which uses
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it to determine parameters such as MCS for UL transmission assuming W = WIW2 as UL
pre-coder/pre—coding matrix. The UE receives MCS (e.g., via UL-related DCI) and
transmits UL data accordingly.

[0382] FIGURE 13 illustrates yet another method for a partial reciprocity based
scheme 1300 according to embodiments of the present disclosure. The embodiment of
the partial reciprocity based scheme 1300 illustrated in FIGURE 13 is for illustration
only. FIGURE 13 does not limit the scope of this disclosure to any particular
implementation of the partial reciprocity based scheme 1300.

[0383] In one embodiment 8, as illustrated in FIGURE 13, a UE is configured with
codebook-based UL transmission. The UE receives a configuration (e.g., via higher
layer signaling) about CSI-RS measurement (for W1 calculation). The UE
receives/measures CSI-RS, estimates DL channel, and (assuming reciprocity) uses it
as UL channel for W1 calculation. The calculated W1 is used to pre-code Nggs =1 SRS
resources, whose configuration is received by the UE via higher layer signaling,
either jointly with or separate from CSI-RS configuration. The UE transmits SRS
resources (pre—coded with W1) according to the configuration. The gNB measures these
SRS resources, estimates UL channel based on the SRS measurement, and then
determines/calculates W2 component of the UL pre-coder. The UE receives an indication
about W2 (from the gNB). The UE finally transmits UL transmission using
pre—coder/pre-coding matrix W =W1W2, where W2 is indicated by the gNB (hence, it is
non—transparent ), and W1 is determined by the UE (hence, it is transparent).
[0384] The W2 indication can be WB, i.e., a single W2 is indicated for all
scheduled PRBs/SBs for UL transmission. Alternatively, the gNB/NW can calculate W2
for each scheduled PRB/SB for UL transmission, i.e., the UL precoding can be applied

in a per PRB/SB manner.
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[0385] The use of multiple pre—coded SRS resources (that are pre-coded using
W1 derived based on CSI-RS measurement ) can, for instance, be for capturing UL channel
rank space or avoiding UL channel null space.

[0386] Let X = number of precoders/beams in W1.

[0387] In one sub-embodiment 8-1, Nggrs =X, and each SRS resource comprises 1
port. The W2 indicates a pre—coder which combines all X SRS ports (equivalently, all
precoders/beams in W1) for each layer using the W2 of high-resolution codebook C, in
embodiment AZ2.

[0388] In one sub-embodiment 8-2, Nggs =1, and the SRS resource comprises X
port. The W2 indicates a pre-coder which combines all X SRS ports (equivalently, all
precoders/beams in W1) for each layer using the W2 of high-resolution codebook C, in
embodiment AZ.

[0389] In one sub-embodiment 8-3, Nsgs =Y, and each SRS resource comprises
X/Y ports. The W2 indicates a pre-coder which combines all X SRS ports (equivalently,
all precoders/beams in W1) for each layer using the W2 of high-resolution codebook
C, in embodiment AZ.

[0390] In one sub—embodiment 8-4, Ngrs =X, and each SRS resource comprises 1
port. The W2 indicates a pre-coder which selects 1 out of X SRS ports (equivalently,
1 precoder/beam in W1) for each layer using the W2 of low-resolution codebook C; in
embodiment Al.

[0391] In one sub—embodiment 8-5, Nggs = 1, and the SRS resource comprises X
port. The W2 indicates a pre—coder which selects 1 out of X SRS ports (equivalently,
1 precoder/beam in W1) for each layer using the W2 of low-resolution codebook C; in
embodiment Al.

[0392] In one sub-embodiment 8-6, Nggs =Y, and each SRS resource comprises

X/Y ports. The W2 indicates a pre—coder which selects 1 out of X SRS ports
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(equivalently, 1 precoder/beam in W1) for each layer using the W2 of low-resolution
codebook C; in embodiment Al.

[0393] The W2 indication is according to one of Alt 6A-14, 6A-15, and 6A-16.
Alternatively, a generalized (joint) SRI can be used to indicate both SRS resource
selection and W2 for the selected SRS resources. That is, this generalized SRI
essentially functions as a TPMI across the selected SRS resources. Alternatively,
generalized (joint) TPMI can be used to indicate both SRS resource selection and W2
for the selected SRS resources. That is, this generalized TPMI essentially functions
as a TPMI across the selected SRS resources. Alternatively, a SRI can be used to
indicate SRS resource selection, and TPMI can be used to indicate W2 for the selected
SRS resources.

[0394] The W2 indication can correspond to a fixed rank (transmit rank indicator
or TRI) value, for example, rank 1. Or, a rank (TRI) value is also indicated jointly
with the W2 indication. Or, a rank (TRI) value is also indicated separately from the
W2 indication. In the latter case, at least one of the following indication
alternatives can be used.

[0395] * In one alternative Alt 8-1: W2 indication is via higher-layer signaling
and TRI indication is via DCI. Their respective indication is either joint using an
existing parameter or separate using a new parameter.

[0396] * In one alternative Alt 8-2: W2 indication is via DCI and TRI indication
is via higher-layer signaling. Their respective indication is either joint using an
existing parameter or separate using a new parameter.

[0397] * In one alternative Alt 8-3: Both W2 and TRI indication are via DCI,
either jointly using a single parameter or separately using two parameters.

[0398] * In one alternative Alt 8-4: Both W2 and TRI indication are via
higher—-layer signaling, either jointly using a single parameter or separately using

two parameters.
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[0399] The W1 calculation at the UE has a fixed rank (e.g., rank 1). In an
alternative, TRI is indicated via higher layer signaling, and W1 and W2 are
calculated/indicated accordingly.

[0400] The SRS and CSI-RS resources can be linked (or associated with each other)
via higher layer configuration of parameters such as associatedSKS in
CSI-RS-KesourceSet for CSI-RS resource and associatedCS[-KS in SKS-ResourceSet for
SRS resource.

[0401] In one embodiment 8A, a variation of embodiment 8, the UE is configured
to transmit W1 to the gNB and SRS resources (that are not pre-coded with W1), which
uses them to determine parameters such as MCS for UL transmission assuming W = W1W2
as UL pre-coder/pre-coding matrix. The UE receives MCS (e.g. via UL-related DCI) and
transmits UL data accordingly.

[0402] FIGURE 14 illustrates still another method for a partial reciprocity
based scheme 1400 according to embodiments of the present disclosure. The embodiment
of the partial reciprocity based scheme 1400 illustrated in FIGURE 14 is for
illustration only. FIGURE 14 does not limit the scope of this disclosure to any
particular implementation of the partial reciprocity based scheme 1400.

[0403] In one embodiment 9, as illustrated in FIGURE 14, a UE is configured with
codebook-based UL transmission. The UE receives higher-layer configuration for the
first SRS transmission comprising Nsgs; =1 SRS resources. In response, the UE
transmits the first SRS resources according to the configuration. The gNB measures
these SRS resources, estimates UL channel based on the SRS measurement, and then
determines/calculates W1 (indicating a group of precoders/beams). The UE receives
an indication about W1 (from the gNB). The UE also receives higher-layer configuration
for the second SRS transmission comprising Nsgs, = 1 SRS resources, either jointly
with or separate from the first SRS configuration. The UE transmits the second SRS

resources (pre—coded with W1) according to the configuration. The gNB measures these
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SRS resources, estimates UL channel based on the SRS measurement, and then
determines/calculates W2 component of the UL pre-coder. The UE receives an indication
about W2 (from the gNB). The UE finally transmits UL transmission using
pre—coder/pre-coding matrix W = W1W2.

[0404] The first SRS resources may or may not be pre—coded, but the second SRS
resources are pre-coded based on W1 (e.g. via TPMI1). The rank (TRI) indication can
be according to at least one of the following alternatives.

[0405] In one alternative Alt 9-1 (with W1): TRI is indicated either jointly
or separately with the W1 indication (e.g. via TPMI1). The W2 indication either follows
rank indicated via TRI or has a fixed rank (e.g. rank 1).

[0406] In one alternative Alt 9-2 (with W2): TRI is indicated either jointly
or separately with the W2 indication (e.g. via TPMI2). The W1 indication can assume
a fixed rank (e.g. rank 1).

[0407] In one alternative Alt 9-3 (with both W1 and W2): both TRI1 and TRI 2

are indicated.

[0408] * TRI1 is indicated either jointly or separately with the W1 indication.
[0409] * TRIZ 1s indicated either jointly or separately with the W2 indication.
[0410] FIGURE 15 illustrates a flow chart of a method 1500 for operating a user

equipment (UE) for aperiodic channel state information reference signal (CSI-RS)
reception, as may be performed by a UE such as UE 116, according to embodiments of
the present disclosure. The embodiment of the method 1500 illustrated in FIGURE 15
is for i1llustration only. FIGURE 15 does not limit the scope of this disclosure to
any particular implementation.

[0411] As illustrated in FIGURE 15, the method 1500 begins at step 1502. In step
1502, the UE (e.g., 111-116 as illustrated in FIGURE 1) receives aperiodic CSI-RS

configuration information including a CSI-RS triggering offset.
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[0412] In step 1504, the UE receives downlink control information (DCI) via a
physical downlink control channel (PDCCH), where the DCI triggers an aperiodic CSI-RS.
[0413] In step 1506, the UE determines the CSI-RS triggering offset based on
the CSI-RS configuration information. The CSI-RS triggering offset is configured from
a first set when pppcey < Mesirs, and the CSI-RS triggering offset is configured from
a second set when Mppecy = Mesirs, Wherein pppeey and Hesirs are subcarrier spacing
configurations for the PDCCH and the aperiodic CSI-RS, respectively.

[0414] In step 1508, the UE receives the aperiodic CSI-RS inaslot K determined
based on the CSI-RS triggering offset, a slot containing the triggering DCI, and the
subcarrier spacing configurations (pppccy and Mcsirs) -

[0415] In one embodiment, the first set is {0, 1, 2, . . . 31} and the second
set is {0, 1, 2, 3, 4, 16, 24}.

2HBCSIRS
' 2HPDCCH

[0416] In one embodiment, the slot K =[n j+X, where n is the slot

containing the triggering DCI, X is the CSI-RS triggering offset, and | |is a floor
function.

[0417] In one embodiment, the processor is further configured to determine a
starting orthogonal frequency-division multiplexing (OFDM) symbol for the aperiodic
CSI-RS reception, and the transceiver is further configured to start the aperiodic
CSI-RS reception from the starting OFDM symbol . For pppecy < Hesirs, the starting OFDM
symbol is determined such that the CSI-RS reception starts no earlier than a first
OFDM symbol of a CSI-RS slot that starts at least A PDCCH symbols after an end of
the PDCCH triggering the aperiodic CSI-RS. For pppcen > Mesirs, the starting OFDM
symbol is determined such that the CSI-RS reception starts no earlier than at least
A PDCCH symbols after the end of the PDCCH triggering the aperiodic CSI-RS.
[0418] In one embodiment, when pppeey = 0 indicating subcarrier spacing of 15

kHz, A = 4.
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[0419] In one embodiment, the processor is further configured to determine a
quasi co-location (QCL) assumption for the aperiodic CSI-RS reception based on a
condition on a scheduling offset & between a last symbol of the PDCCH triggering the
aperiodic CSI-RS and a first symbol of the aperiodic CSI-RS, where the condition is
given by, when 8 < a, the QCL assumption is a QCL assumption for a PDSCH, if the PDSCH
is received in the same OFDM symbols as the aperiodic CSI-RS, and the QCL assumption
1s aQCL assumption for a PDCCH, otherwise, when & = «, the QCL assumption is indicated
via the PDCCH triggering the aperiodic CSI-RS. The transceiver is further configured
to apply the determined QCL assumption for the aperiodic CSI-RS reception, where
a is a threshold and the QCL assumption corresponds to QCL-TypeD indicating a beam

to receive the aperiodic CSI-RS.

[0420] In one embodiment, the threshold a=Y+d2=2 yherein Y is a UE

2HPDCCH’

reported threshold beamSwitchTiming taken from a set that includes {14, 28, 48}, and
wherein d is an additional delay such that d =0 when pppecy = Hesirs @and d = m when
HppccH < MesIRs -

[0421] In one embodiment, when pppccy = 0 indicating a subcarrier spacing of 15
kHz, m = 4; when pppccy = 1 indicating a subcarrier spacing of 30 kHz, m = 4; and
when Uppcey = 2 indicating a subcarrier spacing of 60 kHz, m = 8.

[0422] FIGURE 16 illustrates a flow chart of another method 1600, as may be
performed by a base station (BS) such as BS 102, according to embodiments of the present
disclosure. The embodiment of the method 1600 illustrated in FIGURE 16 is for
illustration only. FIGURE 16 does not limit the scope of this disclosure to any
particular implementation.

[0423] As 1llustrated in FIGURE 16, the method 1600 begins at step 1602. In step
1602, the BS (e.g., 101-103 as illustrated in FIGURE 1), generates an aperiodic channel
state information reference signal (CSI-RS) configuration information and a downl ink

control information (DCI).
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[0424] In step 1604, the BS transmits the aperiodic CSI-RS configuration
information including a CSI-RS triggering offset.

[0425] In step 1606, the BS transmits the DCI via a physical downlink control
channel (PDCCH), where the DCI triggers an aperiodic CSI-RS.

[0426] In step 1608, the BS transmits the aperiodic CSI-RS in a slot Kj.
[0427] The CSI-RS triggering offset is configured from a first set when
HppccH < Mesirs, and from a second set when pppeey > Mcsirs» Where pppeen and Hesirs
are subcarrier spacing configurations for the PDCCH and the aperiodic CSI-KRS,
respectively. The slot Ky is determined based on the CSI-RS triggering offset, a slot
containing the triggering DCI, and the subcarrier spacing configurations (puppecy and
Mcsigs ) -

[0428] In one embodiment, the first set is {0, 1, 2, . . . 31} and the second
set is {0, 1, 2, 3, 4, 16, 24}.

2HCSIRS

[0429] In one embodiment, the slot K =ln.m + X, where n is the slot

containing the triggering DCI, X is the CSI-RS triggering offset, and | |is a floor
function.

[0430] In one embodiment, a starting orthogonal frequency-divisionmultiplexing
(OFDM) symbol for an aperiodic CSI-RS reception is determined based on the CSI-RS
configuration information, and the aperiodic CSI-RS reception is started from the
starting OFDM symbol . For pppcey < Mesirs, the starting OFDM symbol is determined such
that the CSI-RS reception starts no earlier than a first OFDM symbol of a CSI-RS slot
that starts at least A PDCCH symbols after an end of the PDCCH triggering the aperiodic
CSI-RS. For uppecu > Mesirs, the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than at least A PDCCH symbols after the end of
the PDCCH triggering the aperiodic CSI-RS.

[0431] In one embodiment, when pppecy = 0 indicating a subcarrier spacing of 15

kHz, A = 4.
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[0432] In one embodiment, a quasi co—location (QCL) assumption for aperiodic
CSI-RS reception is determined based on a condition on a scheduling offset & between
a last symbol of the PDCCH triggering the aperiodic CSI-RS and a first symbol of the
aperiodic CSI-RS, where the condition is given by, when § < «, the QCL assumption
is a QCL assumption for a PDSCH, if the PDSCH is received in the same OFDM symbols
as the aperiodic CSI-RS, and the QCL assumption is a QCL assumption for a PDCCH,
otherwise, when 6§ > «, the QCL assumption is indicated via the PDCCH triggering the
aperiodic CSI-RS; and the determined QCL assumpt ion for the aperiodic CSI-RS reception
is applied, where «a is a threshold and the QCL assumption corresponds to QCL-TypeD

indicating a beam to receive aperiodic CSI-RS.

2HCSIRS

[0433] In one embodiment, the threshold a =Y+ d=——, wherein Y is a UE

2WPDCCH’

reported threshold beamSwitchTiming taken from a set that includes {14, 28, 48}, and
wherein d is an additional delay such that d =0 when Wppccy = Hcsirs @and d = m when
HppccH < Hcsirs -

[0434] In one embodiment, when uppcey = 0 indicating a subcarrier spacing of 15
kHz, m = 4; when pppcey =1 indicating a subcarrier spacing of 30 kHz, m = 4; and
when pppeey =2 indicating a subcarrier spacing of 60 kHz, m = 8.

[0435] Although the present disclosure has been described with an exemplary
embodiment, various changes and modifications may be suggested to one skilled in the
art. It is intended that the present disclosure encompass such changes and
modifications as fall within the scope of the appended claims. None of the description
in this application should be read as implying that any particular element, step,

or function is an essential element that must be included in the claims scope. The

scope of patented subject matter is defined by the claims.
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[CLAIMS]
[Claim 1]
A user equipment (UE) for aperiodic channel state information reference
signal (CSI-RS) reception, the UE comprising:
a transceiver configured to:
receive aperiodic CSI-RS configuration information including a CSI-RS
triggering offset, and
receive downlink control information (DCI) via a physical downlink control
channel (PDCCH), wherein the DCI triggers the aperiodic CSI-RS; and
a processor operably connected to the transceiver, the processor configured
to determine the CSI-RS triggering offset based on the CSI-RS configuration
information, wherein:
the CSI-RS triggering offset is configured from a first set when

Mppce < Mcsirs, and

the CSI-RS triggering offset is configured from a second set when
HppccH = Hesirs »
wherein pppecy and pesirs are subcarrier spacing configurations for the
PDCCH and the aperiodic CSI-RS, respectively, and
wherein the transceiver is further configured to receive the aperiodic CSI-RS
in a slot K¢ determined based on the CSI-RS triggering offset, a slot containing the
triggering DCI, and the subcarrier spacing configurations (pppcey and pcsirs) -
[Claim 2]
The UE of Claim 1, wherein the first set is {0, 1, 2, . . . 31} and the second
set is {0, 1, 2, 3, 4, 16, 24}.
[Claim 3]
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2HCSIRS

.m] + X, where n is the slot

The UE of Claim 1, wherein the slot Kg = ln

containing the triggering DCI, X is the CSI-RS triggering offset, and | ] is a floor
function.
[Claim 4]

The UE of Claim 1, wherein:

the processor is further configured to determine a starting orthogonal
frequency-division multiplexing (OFDM) symbol for the aperiodic CSI-RS reception;
and

the transceiver is further configured to start the aperiodic CSI-RS reception
from the starting OFDM symbol, where

for pwppccn < Mesirs, the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than a first OFDM symbol of a CSI-RS slot that
starts at least A PDCCH symbols after an end of the PDCCH triggering the aperiodic
CSI-RS; and

for Wppcch > Mcsirs, the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than at least A PDCCH symbols after the end of
the PDCCH triggering the aperiodic CSI-RS, and

wherein when pppeey =0 indicating a subcarrier spacing of 15 kHz, A = 4.

[Claim 5]

A base station (BS), the BS comprising:

a processor configured to generate an aperiodic channel state information
reference signal (CSI-RS) configuration information and a downlink control
information (DCI); and

a transceiver, operably connected to the processor, the transceiver
configured to:

transmit the aperiodic CSI-RS configuration information including a CSI-RS

triggering offset;
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transmit the DCI via a physical downlink control channel (PDCCH), wherein
the DCI triggers an aperiodic CSI-RS; and

transmit the aperiodic CSI-RS in a slot Kg,

wherein the CSI-RS triggering offset is configured from a first set when
Hppcc < Hesirs, and from a second set when pppcey > Mesirs. Where pppeey and Hesirs
are subcarrier spacing configurations for the PDCCH and the aperiodic CSI-RS,

respect ively, and
wherein the slot K, is determined based on the CSI-RS triggering offset, a

slot containing the triggering DCI, and the subcarrier spacing configurations (Uppccy

and Ucsirs) -

[Claim 6]

The BS of Claim 5, wherein the first set is {0, 1, 2, . . . 31} and the second
set is {0, 1, 2, 3, 4, 16, 24}.
[Claim 7]

2UCSIRS
" 2UPDCCH

The BS of Claim 5, wherein the slot K¢ = ln ]+X, where n is the

slot containing the triggering DCI, X is the CSI-RS triggering offset, and | ]is
a floor function.
[Claim 8]

The BS of Claim 5, wherein:

a starting orthogonal frequency-division multiplexing (OFDM) symbol for an
aperiodic CSI-RS reception is determined based on the CSI-RS configuration
information; and

the aperiodic CSI-KS reception is started from the starting OFDM symbol,
where

for pppeen < Mesirss the starting OFDM symbol is determined such that the

CSI-KS reception starts no earlier than a first OFDM symbol of a CSI-RS slot that
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starts at least A PDCCH symbols after an end of the PDCCH triggering the aperiodic
CSI-RS; and

for Uppcey > Uesirs,» the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than at least A PDCCH symbols after the end of
the PDCCH triggering the aperiodic CSI-RS, and

wherein when pppccy =0 indicating a subcarrier spacing of 15 kHz, A = 4.

[Claim 9]

A method for operating a user equipment (UE) for aperiodic channel state
information reference signal (CSI-RS) reception, the method comprising:

receiving aperiodic CSI-RS configuration information including a CSI-RS
triggering offset;

receiving downlink control information (DCI) via a physical downlink control
channel (PDCCH), wherein the DCI triggers the aperiodic CSI-RS; and

determining the CSI-RS triggering offset based on the CSI-RS configuration
information, wherein:

the CSI-RS triggering offset is configured from a first set when

HppccH < Mcsirs. and

the CSI-RS triggering offset is configured from a second set when
HpDccH = Kesirs s

wherein pppecy and Mcsirs are subcarrier spacing configurations for the
PDCCH and the aperiodic CSI-RS, respectively; and

receiving the aperiodic CSI-RS in a slot Ky determined based on the CSI-RS
triggering offset, a slot containing the triggering DCI, and the subcarrier spacing
configurations (uppecy and Mesigs) -

[Claim 10]

The method of Claim 9, wherein the first set is {0, 1, 2, . . . 31} and the

second set is {0, 1, 2, 3, 4, 16, 24}.
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[Claim 11]
The method of Claim 9, wherein:
the first set is {0, 1, 2, . . . 31} and the second set is {0, 1, 2, 3, 4,
16, 24}; and
the slot K¢ = [n. ZUCSIRSJ + X, wheren is the slot containing the triggering
2HPDCCH

DCI, X is the CSI-RS triggering offset, and | |is a floor function.
[Claim 12]

The method of Claim 9, further comprising:

determining a starting orthogonal frequency-division multiplexing (OFDM)
symbol for the aperiodic CSI-RS reception; and

starting the aperiodic CSI-RS reception from the starting OFDM symbol, where

for Mppecu < Mesirs, the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than a first OFDM symbol of a CSI-RS slot that
starts at least A PDCCH symbols after an end of the PDCCH triggering the aperiodic
CSI-RS;

for Wppcen > Mesirss the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than at least A PDCCH symbols after the end of
the PDCCH triggering the aperiodic CSI-RS; and

when pppecy =0 indicating a subcarrier spacing of 15 kHz, A = 4.

[Claim 13])

A method for operating a base station (BS), the method comprising:

generat ing an aperiodic channel state information reference signal (CSI-RS)
configuration information and a downlink control information (DCI);

transmitting the aperiodic CSI-RS configuration information including a
CSI-RS triggering offset;

transmitting the DCI via a physical downlink control channel (PDCCH), wherein

the DCI triggers an aperiodic CSI-RS; and



WO 2020/256516 PCT/KR2020/008071

78

transmitting the aperiodic CSI-RS in a slot Kg,

wherein the CSI-RS triggering offset is configured from a first set when
Mppceh < Mesirs, and from a second set when pppcen > Mesirs, Where pppecn and esirs
are subcarrier spacing configurations for the PDCCH and the aperiodic CSI-RS,
respectively, and

wherein the slot K, is determined based on the CSI-RS triggering offset, a
slot containing the triggering DCI, and the subcarrier spacing configurations (Uppccy
and .chms)-

[Claim 14])

The method of Claim 13, wherein the first set is {0, 1, 2, . . . 31} and the

second set is {0, 1, 2, 3, 4, 16, 24}, and

2HCSIRS
‘2uPDCCH

wherein the slot K¢ = [n J+X, where n is the slot containing the

triggering DCI, X is the CSI-RS triggering offset, and | ]is a floor function.
[Claim 15]

The method of Claim 13, wherein:

a starting orthogonal frequency-division multiplexing (OFDM) symbol for an
aperiodic CSI-RS reception is determined based on the CSI-RS configuration
information; and

the aperiodic CSI-RS reception is started from the starting OFDM symbol,
where

for uppcen < Mesirs, the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than a first OFDM symbol of a CSI-RS slot that
starts at least A PDCCH symbols after an end of the PDCCH triggering the aperiodic
CSI-RS; and

for Uppcew > Hesirs» the starting OFDM symbol is determined such that the
CSI-RS reception starts no earlier than at least A PDCCH symbols after the end of

the PDCCH triggering the aperiodic CSI-RS, and
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wherein when pppecy = 0 indicating a subcarrier spacing of 15 kHz, A = 4.
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[Figure 4a]
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[Figure 4b]
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[Figure 5]

Y

M4 uoissjuisue.i Jo |01Uo9

panjusuel] O-=— 131

—~
06

008

p—
08G

Y

(¥

(Y )

J01BINPOW  fee

4

1apoouq

ftt—

=
0€s

(Y )

\’\
0vS Wi

2 A

\.'\
096G 134

\'\
0GG bulddew 3y

\'\
0cs

Sig
uojieurioju|

—~
0ig



PCT/KR2020/008071

WO 2020/256516

7/17

[Figure 6]
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[Figure 7]
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[Figure 8]
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[Figure 9]
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[Figure 12]
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[Figure 15]
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[Figure 16]
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