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(57) Abréegée/Abstract:
Methods, systems, and devices for wireless communication are described.. In aspects of the present disclosure, a user eguipment
(UE) may report metrics (e.g., recelved signal power, beam identifier) about synchronization signal (SS) beams using the same
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(57) Abrege(suite)/Abstract(continued):

(e.g., or a similar) framework that is used for channel state information reference signal (CSI-RS) reporting. Because SSs are
Intended to be broadcast across a wide coverage area In a beamformed manner, the SSs represent a promising complement to
existing beam management technigues. Accordingly, beam management may be achieved at least in part based on reporting one
or more metrics of beamformed SSs through a channel feedback framework.



woO 20187187354 A1 IO 100 AR AT O R

CA 03054344 2015-08-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/187354 Al

11 October 2018 (11.10.2018) WIPO I PCT

(51) International Patent Classification:
HO4B 7/06 (2006.01) HO4L 25/02 (2006.01)
HO4L 5/00 (2006.01)

(21) International Application Number:
PCT/US2018/025931

(22) International Filing Date:
03 April 2018 (03.04.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/481,658 04 April 2017 (04.04.2017) US
15/943,586 02 April 2018 (02.04.2018) US

(71) Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, Californmia 92121-1714 (US).

(72) Inventors: SUBRAMANIAN, Sundar; 5775 Morehouse
Drive, San Diego, California 92121-1714 (US). WANG,
Xiao Feng; 5775 Morchouse Drive, San Diego, California
92121-1714 (US). LI, Junyi; 5775 Morehouse Drive, San
Diego, California 92121-1714 (US). CEZANNE, Juergen;
5775 Morehouse Drive, San Diego, California 92121-1714
(US). SAMPATH, Ashwin; 2 Southern Hills Drive, Skill-
man, NJ 08558 (US).

(74) Agent: KARREN, J. Scott; Holland & Hart LLP, P.O. Box
11583, Salt Lake City, Utah 84147 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ LA, LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(34) Title: BEAM MANAGEMENT USING SYNCHRONIZATION SIGNALS THROUGH CHANNEL FEEDBACK FRAME-

WORK

FIG.

\ 200

2

(57) Abstract: Methods, systems, and devices for wireless communication are described.. In aspects of the present disclosure, a user

equipment (UE) may report metrics (e.g., received signal power,

beam identifier) about synchronization signal (SS) beams using the

same (e.g., or a similar) framework that 1s used for channel state information reference signal (CSI-RS) reporting. Because SSs are

intended to be broadcast across a wide coverage area in a beamfor

'med manner, the SSs represent a promising complement to existing

beam management techniques. Accordingly, beam management may be achieved at least in part based on reporting one or more metrics

of beamformed SSs through a channel feedback framework.
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BEAM MANAGEMENT USING SYNCHRONIZATION SIGNALS THROUGH
CHANNEL FEEDBACK FRAMEWORK

CROSS REFERENCES

[0001] The present Application for Patent claims the benefit of U.S. Provisional Patent
Application No. 62/481,658 by Subramanian, et al., entitled “Beam Management Using
Synchronization Signals Through Channel Feedback Framework,” filed April 4, 2017; and
U.S. Patent Application No. 15/943,586 by Subramanian, et al., entitled “Beam Management
Using Synchronization Signals Through Channel Feedback Framework,” filed April 2, 2018;

each of which 1s assigned to the assignee hereof.

BACKGROUND

[0002] The following relates generally to wireless communication, and more specifically
to beam management using synchronization signals (SSs) through channel feedback

framework.

[0003] Wireless communications systems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources (e.g., time, frequency, and power). Examples of such multiple-
access systems include code division multiple access (CDMA) systems, time division
multiple access (TDMA) systems, frequency division multiple access (FDMA) systems, and
orthogonal frequency division multiple access (OFDMA) systems, (e.g., a Long Term
Evolution (LTE) system, or a New Radio (NR) system). A wireless multiple-access
communications system may include a number of base stations or access network nodes, each
simultaneously supporting communication for multiple communication devices, which may

be otherwise known as user equipment (UE).

[0004] In some wireless communications systems (e.g., systems supporting millimeter
wave (mmW) communications), beamforming may be used in order to overcome the
relatively high path losses associated with frequencies 1n these systems. In order to support
beamformed transmissions, communicating wireless devices (e.g., a base station and UE)
may be operable to discover and maintain suitable beams for a given communication link.

The set of procedures and protocols required for this task may be referred to as beam
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management. As an example, beam management may be based on a UE observing
beamformed downlink signals and reporting one or more performance metrics for the
respective beamformed signals to the base station. For example, channel state information
reference signals (CSI-RS) associated with multiple transmission beams may be provided and
channel state feedback may include reports indicating channel information for the best
transmission beams. Improvements 1n providing channel feedback based on transmission

beams from a base station may be desired.

SUMMARY

[0005] The described techniques relate to improved methods, systems, devices, or
apparatuses that support beam management using synchronization signals (SSs) through
channel feedback framework. In aspects of the present disclosure, a user equipment (UE)
may report metrics (e.g., recetved signal power, beam 1dentifier) about SS beams following
the same framework used for channel state information reference signal (CSI-RS) reporting.
Because some wireless systems (e.g., mmW systems) employ beamformed directional
transmissions (e.g., of SSs and other signals) to overcome path loss complications,
considerations for efficient reporting of beamformed signal properties (1.e., beam
management) may benefit the system. Accordingly, beam management may be achieved at
least 1n part based on reporting one or more metrics of beamformed SSs through a channel

feedback framework.

[0006] A method of wireless communication at a UE 1s described. The method may
include 1dentifying a first feedback resource set and reporting configuration according to a
channel state information (CSI) framework that indicates a set of SS blocks of an SS burst
transmitted by a base station using a first set of transmission beams, performing first channel
measurements for the set of SS blocks, and reporting, to the base station, a first resource

indicator for at least one of the set of SS blocks based on the first channel measurements.

[0007] An apparatus for wireless communication at a UE 1s described. The apparatus may
include a processor, memory 1n electronic communication with the processor, and
instructions stored 1n the memory. The instructions may be executable by the processor to
cause the apparatus to 1dentify a first feedback resource set and reporting configuration
according to a CSI framework that indicates a set of SS blocks of an SS burst transmitted by a

base station using a first set of transmission beams, perform first channel measurements for
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the set of SS blocks, and report, to the base station, a first resource indicator for at least one

of the set of SS blocks based on the first channel measurements.

[0008] Another apparatus for wireless communication at a UE 1s described. The
apparatus may include means for identifying a first feedback resource set and reporting
configuration according to a CSI framework that indicates a set of SS blocks of an SS burst
transmitted by a base station using a first set of transmission beams, means for performing
first channel measurements for the set of SS blocks, and means for reporting, to the base
station, a first resource indicator for at least one of the set of SS blocks based on the first

channel measurements.

[0009] A non-transitory computer-readable medium storing code for wireless
communication at a UE 1s described. The code may include instructions executable by a
processor to 1dentify a first feedback resource set and reporting configuration according to a
CSI framework that indicates a set of SS blocks of an SS burst transmitted by a base station
using a first set of transmission beams, perform first channel measurements for the set of SS
blocks, and report, to the base station, a first resource indicator for at least one of the set of

SS blocks based on the first channel measurements.

[0010] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, identifying the first feedback resource set and reporting
configuration may include operations, features, means, or instructions for receiving the first

feedback resource set and reporting configuration from the base station.

[0011] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, reporting may include operations, features, means, or

instructions for reporting a channel metric associated with the at least one of the set of SS

blocks.

[0012] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the reporting occurs periodically, semi-persistently, or

aperiodically as identified by the first reporting configuration.

[0013] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, reporting aperiodically occurs based on a trigger, where

the trigger may include operations, features, means, or instructions for recerving a reporting
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indicator 1n a downlink control information message or identifying a triggering event based

on the first channel measurements.

[0014] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, reporting may include operations, features, means, or

instructions for reporting an indicator of an antenna port for at least one of the set of SS

blocks.

[0015] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
obtaining a second feedback resource set and reporting configuration according to the CSI
framework, where the second feedback resource set and reporting configuration identifies a
set of resources associated with a CSI-RS transmitted by a base station using a second set of
transmission beams, performing second channel measurements for the CSI-RS and reporting
according to the second reporting configuration, to the base station based on the second
channel measurements, at least one channel metric for at least one of the set of resources
associated with the CSI-RS and a second resource indicator of the at least one of the set of

ICSOuUrcces.

[0016] In some examples of the method, apparatuses, and non-transitory computer-

readable medium described herein, the set of SS blocks includes a subset of SS blocks of the

SS burst.

[0017] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
1dentifying a waveform for the set of SS blocks for performing the first channel

measurements based on decoding at least one SS block of the SS burst.

[0018] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the first feedback resource set configuration includes a
spatial quasi-colocation indicator for at least one of the set of SS blocks, an indicator of
resources for the set of SS blocks, an indicator of a duration of the SS burst, an indicator of
antenna ports associated with the set of SS blocks, an indicator of a number of SS blocks of
the SS burst, an indicator of a channel metric for reporting for the set of SS blocks, or a

combination thereof.
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[0019] A method of wireless communication at a base station 1s described. The method
may include configuring, for a UE, a first feedback resource set and reporting configuration
according to a CSI framework that indicates a set of SS blocks of an SS burst transmitted by
the base station using a first set of transmission beams, receiving, from the UE, a first
resource indicator of at least one of the set of SS blocks, and determining a characteristic of a
transmission beam for a data or control transmission to the UE based on the first resource

indicator.

[0020] An apparatus for wireless communication at a base station 1s described. The
apparatus may include a processor, memory 1n electronic communication with the processor,
and 1nstructions stored 1n the memory. The 1nstructions may be executable by the processor
to cause the apparatus to configure, for a UE, a first feedback resource set and reporting
configuration according to a CSI framework that indicates a set of SS blocks of an SS burst
transmitted by the base station using a first set of transmission beams, receive, from the UE, a
first resource indicator of at least one of the set of SS blocks, and determine a characteristic
of a transmission beam for a data or control transmission to the UE based on the first resource

indicator.

[0021] Another apparatus for wireless communication at a base station 1s described. The
apparatus may 1nclude means for configuring, for a UE, a first feedback resource set and
reporting configuration according to a CSI framework that indicates a set of SS blocks of an
SS burst transmitted by the base station using a first set of transmission beams, means for
receiving, from the UE, a first resource indicator of at least one of the set of SS blocks, and
means for determining a characteristic of a transmission beam for a data or control

transmission to the UE based on the first resource indicator.

[0022] A non-transitory computer-readable medium storing code for wireless
communication at a base station 1s described. The code may include instructions executable
by a processor to configure, for a UE, a first feedback resource set and reporting
configuration according to a CSI framework that indicates a set of SS blocks of an SS burst
transmitted by the base station using a first set of transmission beams, receive, from the UE, a
first resource 1ndicator of at least one of the set of SS blocks, and determine a characteristic
of a transmission beam for a data or control transmission to the UE based on the first resource

indicator.
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[0023] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, receiving may include operations, features, means, or

instructions for receiving a channel metric associated with the at least one of the set of SS

blocks.

[0024] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, receiving may include operations, features, means, or

instructions for receiving an indicator of an antenna port for the at least one of the set of SS

blocks.

[0025] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the first feedback resource set and reporting configuration
includes an indication for periodic, semi-persistent, or aperiodic reporting, a spatial quasi-
colocation indicator for at least one of the set of SS blocks, an indicator of resources for the
set of SS blocks, an indicator of a duration of the SS burst, an indicator of antenna ports
assoclated with the set of SS blocks, an indicator of a number of SS blocks of the SS burst, an

indicator of a channel metric for reporting for the set of SS blocks, or a combination thereof.

[0026] In some examples of the method, apparatuses, and non-transitory computer-

readable medium described herein, the set of SS blocks includes a subset of SS blocks of the

SS burst.

[0027] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
configuring, for the UE, a second feedback resource set and reporting configuration
according to the CSI framework, where the second feedback resource set and reporting
configuration identifies a set of resources associated with a CSI-RS transmitted by the base
station using a second set of transmission beams and receiving, from the UE, at least one
channel metric for at least one of the set of resources associated with the CSI-RS and a
second resource indicator of the at least one of the set of resources, where the determining the

characteristic of the transmission beam may be based on the at least one channel metric.
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BRIEF DESCRIPIION OF THE DRAWINGS

[0028] FIG. 1 1llustrates an exampie of a system for wireless communication that

supports beam management using synchronization signais (SSs) through channel feedback

framework 1n accordance with aspects of the present disclosure.

[0029] FI1G. 2 illustrates an example of a wireless communications system that supports

beam management using SSs through channel feedback framework 1n accordance with

aspects of the present disclosure.

[6030] FIG. 3 illustrates an exampie of a configuration message that supports beam
management using SSs through channel feedback framework in accordance with aspects of

the present disclosure.

0031} FIG. 4 1ilustrates an example of a process flow that supports beam management

using SSs through channel feedback framework 1n accordance with aspects of the present

disclosure.

[0032] FIGs. 5 through 7 show block diagrams of a device that supports beam
management using SSs through channel feedback tramework m accordance with aspects of

the present disclosure.

[0033] FIG. 8 1llustrates a block diagram of a system mncluding a user equipment (UE)
that supports beam management using SSs through channel feedback framework 1n

accordance with aspecis of the present disciosure.

[0034] FIGs. 9 through 11 show block diagrams of a device that supports beam
management using SS8s through channel feedback tramework 1in accordance with aspects of

the present disclosure.

[0035] FIG. 12 1tlustrates a block diagram of a system including a base station that
supports beam management using SSs through channet feedback framework 1n accordance

with aspects of the present disclosure.

(0036} FIGs. 13 and 14 illustrate methods that support beam management using SSs

through channel feedback framework for in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

RECTIFIED SHEET (RULE 91) ISA/EP
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[G037] Some wireless communications systems employ beamiormung 1n order to
overcome communication range lirmiations that result from relatively high path losses
associated with frequencies 1n the system. To support these beamformed transmissions,
communicating devices may periodically measure one or more metrics associated with one or
more beamformed transmissions, a process which 15 a part of beam management. For
exampie, beam management may 1nclude beam selection and switching, beam recovery,
beam opfimization, and the like. For example, a base station may select a more suitable beam
when a previously selected beam becomes obsolete (e.g., because of movement of the devices
or some other factor affecting the communications). Because synchronization signals {88s)
are intended to be broadcast across a wide coverage area in a beamformed manner, the SSs
represent a promisimg complement to existing beam management techniques. Accordingly,
and as described further below, SS5s may assist beam management through the channel

feedback framework.

G038} Aspects of the disclosure are mmitially described 1 the context of a wireless

communicafions system. Aspects of the disclosure are then iliustrated by and described with

reference to contiguration messages and process tlows. Aspects of the disclosure are further
illustrated by and described with reference to apparatus diagrams, system diagrams, and

Howcharts that relate to beam-aware handover procedure for mulfi-beam access systems.

[0039] FIG. 1 illustrates an example of a wireless communications system 100 1n
accordance with various aspects of the present disclosure. The wireless communicafions
system 100 1mncludes base stations 103, user equipments (ULEs) 113, and a core network 130.

[n some examples, the wireless communications system 100 may be a Long Term Evolufion

(LTE) network, LTE-Advanced (LTE-A) network, or a 5G new radio (NR) network. In some

cases, wireiess communications system 100 may support enhanced broadband
communications, ultra-rehable (1.¢., mission critical) communications, low latency
communicafions, and communications with low-cost and low-complexity devices. Wireless
communications system 100 may support the efficient use of resources by enabling 88
reporfing for beam management through reuse of the channel state information reference

signal {(CSI-RS) reporting framework.

|6040] Base stations 105 may wirelessly communicate with UEs 115 via one or more

base station antennas. Each base station 105 may provide communication coverage for a

respeciive geographic coverage area 110. Communication hinks 125 shown 1n wireless

RECTIFIED SHEET (RULE 91) ISA/EP
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communications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downlink fransmissions, from a base station 103 to a UE 113. Controi
information and data may be multiplexed on an uplink channel or downlink channel
according to vanious techniques. Control informafion and data may be multiplexed on a
downlink channel, for example, using time division mulfiplexing (TDM) techniques,
frequency division multiplexing (FDM) techniques, or hybrnid TDM-FDM techmques. In
some exampies, the control information transmitted during a transmission time mterval {(111)
of a downlink channel may be distributed between different control regions 1n a cascaded
manner {€.g., between a common control region and one or more UE-specific control

regions).

[0041] UEs 115 may be dispersed throughout the wireless communications system 100,
and each UE 115 may be stationary or mobiie. A UE 115 may also be referred to as a mobile
station, a subscriber station, a mobile unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless communications device, a remote device, a

mobile subscriber stafion, an access terminal, a mobile termunal, a wireless ferminal, a remofe

termnal, a handset, a user agent, a mobile chent, a client, or some other suitable termmnology.
A UE 115 may also be a celiular phone, a personal digital assistant (PDA), a wireless
modem, a wireless communication device, a handheld device, a tablet computer, a laptop
computer, a cordless phone, a personal electronic device, a handheld device, a personal
computer, a wireless local loop (WLL) station, an Infernet of things {IoT) device, an Internet
of Evervthing (IoE) device, a machine type communication (MTC) device, an appliance, an

automobile, or the hike.

[06042] In some cases, a UE 115 may also be able to communicate directly with other UEs
115 (e.g., using a peer-to-peer (P2P) or device-to-device (1)2D) protocol). One or more of a
oroup of UEs 115 utilizing D21 communications may be within the coverage area 110 of a
ceil. Other UEs 115 1n such a group may be outside the coverage area 110 of a cell, or
otherwise unabie fo recetve transmissions from a base station 105. In some cases, groups of
UEs 115 communicating via D2D communications may utilize a ong-to-many (1:M) system
1n which each UE 115 transmats to every other UE 1135 1n the group. In some 1nstances, a base
station 105 facilitates the scheduling of resources for D21 communications. In other cases,

D2D commmunications are carried out independently of a base station 105.

RECTIFIED SHEET (RULE 91) ISA/EP
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LLER] Some UEs 115, such as M1C or [o'1 devices, may be low cost or low complexity
devices, and may provide for automated communication between machines, 1.¢., Machine-to-
Machine (M2M) communication. M2M or M'TC may refer to data communication
technologies that allow devices to communicate with one another or a base station 1035
without human ntervention. For example, M2M or MTC may refer to communications from
devices that integrate sensors or meters {o measure or capture information and relay that
information to a central server or application program that can make use of the information or
present the information to humans interacting with the program or application. Some UEs
115 may be designed to coliect information or enable automated behavior of machines.
Examples of apphications for MTC devices include smart metering, invenfory monitoring,
water level monitoring, equipment monitoring, heaithcare montoring, wildlife

monitoring, weather and geological event monitoring, fleet management and fracking, remote

security sensing, physical access control, and transacfion-based business charging.

[0044] Base stations 103 may communicate with the core network 130 and with one

another. For example, base stations 105 may nterface with the core network 130 through

backhaul links 132 (e.g., S1, 82). Base stations 1035 may comimunicate with one another over
backhaul links 134 (e.g., X1, X2) etther directly or indirectly (e.g., through core network
130). Base stations 105 may perform radio configuration and scheduling for communication
with UEs 115, or may operate under the control of a base station controller (not shown). In
some exampies, base stations 105 may be macro cells, small cells, hot spots, or the like. Base

stations 105 may aiso be referred to as eNodeBs (eNBs) 105, next generation NodeBs {(gNBs)
105, ete.

[0045] In some cases, wireless communications system 100 may be a packet-based
network that operate according to a layered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PDCP) layer may be [P-based. A Radio
Link Control (RLC) layer may 1n some cases perform packet segmentation and reassembly to
communicate over logical channels. A Medium Access Control (MAC) layer may perform
prionty handling and multiplexing of logical channels 1nto transport channels. The MAC
layer may also use Hybrid Automatic Repeat Request (HARQ) to provide retransmission at
the MAC layer to improve link efficiency. In the control plane, the Radio Resource Control
(RRC) protocol layer may provide establishment, configuration, and maintenance of an RRC

connection between a UE 115 and a base station 103, or core network 130 supporting radio

RECTIFIED SHEET (RULE 91) ISA/EP
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bearers for user plane data. At the physical layer, transport channels may be mapped {o

physical channels.

10046} Wireless communications system 100 may support operation on mulfiple cells or

carriers, a feature which may be referred to as carrier aggregation (CA) or multi-carrier
operation. A carrier may also be referred to as a component carrier {CC), a layer, a channel,

bl S

¢te. The terms “carrier,” “component carrier,” and “channel” may be used nterchangeably
herein. A UE 113 may be configured with multiple downlink CCs and one or more uphnk
CCs for CA. CA may be used with both frequency division duplex (FDD) and time division

duplex (1DD) CC.

[6047] In some cases, wireless communications system 100 may utilize enhanced
component carriers (eCCs). An eCC may be characterized by one or more features including
wider bandwidth, shorter symbol duration, shorter TTIs, and modified control channel
configuration. In some cases, an eCC may be associated with a cammer aggregation
configuration or a dual connectivity configuration (e.g., when mulfiple serving cells have a
suboptimal or non-ideal backhaul hnk). An ¢CC may also be configured for use 1n unlicensed
spectrum or shared spectrum (where more than one operator 15 allowed o use the spectrum).
An eCC characterized by wide bandwidth may 1nclude one or more segments that may be
utilized by UEs 1135 that are not capable of moniforing the whole bandwidth or prefer to use a

limited bandwidth (e.g., to conserve power).

0048} In some cases, an eCC may utilize a different symbol duration than other CCs,

which may 1nclude use of a reduced symbol duration as compared with symbol durations of
the other CCs. A shorter symbol duration may be associated with increased subcarrier
spacing. A TTI 1n an eCC may 1nclude one or multiple symbois. In some cases, the TTI
duration {that 1s, the number of symbols 1n a T1I) may be vanable. In some mstances, an eCC
may utilize a different symbol duration than other CCs, which may include use of a reduced
symbol duration as compared with symbol durations of the other CCs. A shorter symbol
duration 1s associated with increased subcarrier spacing. A device, such as a UE 115 or base
station 105, ulilizing eCCs may transmit wideband signals {e.g., 20, 40, 60, 80 MHz) at
reduced symbol durations (e.g., 16.67 microseconds). A TTI1n eCC may mmciude one or
multiple symbols. In some cases, the 111 duration {that 1s, the number of symbois n a'l'l])

may be vanable.
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[6049] A shared radio frequency spectrum band may be utilized 1n an NR shared
spectrum system. For example, an NR shared spectrum may utilize any combination of
licensed, shared, and unlicensed spectrums, among others. The flexibility of eCC symboi
duration and subcarrier spacing may allow for the use of eCC across multiple specirums. In

some examples, NR shared spectrum may increase spectrum ufilization and spectral

efficiency, specifically through dynamic vertical (e.g., across frequency) and horizontal (e.g.,

across fime) shanng of resources.

[6050] In some cases, wireless system 100 may ufilhize both licensed and unlicensed radio
frequency spectrum bands. For example, wireless system 100 may employ LTE License
Assisted Access {LTE-LAA) or LTE Unlicensed (L'TE U) radio access technology or NR
technology 1n an unlicensed band such as the 5 GHz Industrial, Scientific, and Medicai (ISM)
band. When operating 1n unlicensed radio frequency spectrum bands, wireless devices such
as base stations 105 and UEs 115 may employ listen-before-talk (LBT) procedures to ensure
the channel 1s clear before transmitting data. In some cases, operafions 1n unlicensed bands

may be based on a CA conliguration 1n conjunction with CCs operating 1n a licensed band.

Operations i unhcensed spectrum may include downhink transmissions, uplink
fransmissions, or both. Duplexing in unhcensed spectrum may be based on FDD, TDD, or a

combination of both.

0051 ] Wireless communications system 100 may operate 1in an uitra-high frequency
(UHF) region using frequency bands from 300 MHz to 3 GHz. This region may also be
known as the decimeter band, since the wavelengths range from approximately one decimeter
to one meter 1 length. UHF waves may propagate mainly by hine of sight, and may be
blocked by buiidimes and environmental features. However, the waves may penetrate walls
sutficiently to provide service to ULEs 115 located indoors. Transmission of UHEF waves 15
characterized by smaller antennas and shorter range (¢.g., less than 100 km)} compared to
fransmussion using the smaller frequencies (and longer waves) of the high frequency (HF) or
very high frequency (VHF) porfion of the spectrum. Wireless communications system 100
may also operate 1n a super high frequency (SHFE) region using frequency bands from 3 GHz
to 30 GHz, otherwise known as the cenfimeter band. In some cases, wireless communication
system 100 may also utilize extremely high frequency (EHF) portions of the spectrum (e.g.,
from 25 GHz to 300 GHz), also known as the smllimeter band. Systems that use this region
may be referred to as mitlimeter wave (mmW) systems. Thus, EHI antennas may be even

smaller and more closely spaced than UHF antennas. In some cases, this may facilitate use of
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antenna arrays within a UE 115 {(e.g., tor directional beamtorming). However, EHF
transmissions may be subject to even greater atmospheric attenuation and shorter range than
UHF transmissions. Techniques disclosed herein may be employed across transmissions that

use on¢ or more different frequency regions.

[6G0S52] Wireless communications system 100 may support mmW communications
between ULEs 115 and base stations 103, Devices operating in mmW, SHI, or EHI” bands
may have multiple antennas to allow beamforming. That 1s, a base station 105 may use
multiple anfennas or antenna arrays to conduct beamformng operations for directional
communications with a UE 115. Beamforming (which may also be referred to as spatial
filtering or directional transmission) 1s a signal processing technique that may be used at a
transmitter {e.g., a base station 105) to shape and/or steer an overall antenna beam 1n the
direciion of a target receiver (e.g., a UE 115). This may be achieved by combining elements
11 an anfenna array 1n such a way that transmitted signals at particular angles experience
constructive interference while others experience destructive interference. For example, base

station 105 may have an antenna array with a number of rows and columns of anfenna ports

that the base station 105 may use for beamtorming 1n 1fs communication with UE 113.
Signals may be transmitted multiple times 1n different directions (e.g., each fransmission may
be beamformed differently). A mmW receiver (e.g., a UE 115) may try multiple beams (e.g.,
antenna subarrays) while receiving the SSs. Multiple-mput multiple-output (MIMO) wireless
systems use a fransmission scheme between a fransmtter (e.g., a base station 105) and a
receiver {e.g., a UE 113), where both transmitter and receiver are equipped with muifiple

antennas.

[6053] In some cases, the antennas of a base station 105 or UE 115 may be located within
one or more antenna arrays, which may support beamforming or MIMO operation. One or
more base station anfennas or antenna arrays may be collocated at an antenna assembly, such
as an antenna tower. In some cases, antennas or antenna arrays associated with a base station
135 may be located 1n diverse geographic locations. A base station 103 may use mulitiple
antennas or antenna arrays {o conduct beamforming operations for directional

communications with a UE 115.

LLLLREY MIMO wireless systems use a transmission scheme between a transmitier {e.g., a

base station 105) and a receiver {e.g., a UE 1135}, where both transmuiter and receiver are

equipped with multiple anfennas. Some porfions of wireless communications system 100 may
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use beamiormmng. For example, base station 105 may have an anienna array with a number of
rows and colummns of antenna ports that the base station 105 may use for beamforming in its
communication with UE 115. Signals may be transmitted multiple times 1n different

directions (¢.g., cach transmission may be beamformed differently). A mmW receiver {€.g.. a

UE 113) may try multiple beams {(e.g., antenna subarrays) while recerving SSs {(e.g., or other
reference signals such as CSI-RS). Each of these beams may be referred to as a receive beam

1n aspects of the present disclosure.

[0055] In some cases, the antennas of a base station 103 or UE 115 may be located within
one or more antenna arrays, which may support beamtorming or MIMO operation. One or
more base station antennas or antenna arrays may be collocated at an antenna assembly, such
as an antenna tower. In some cases, antennas or antenna arrays associated with a base station
105 may be located 1n diverse geographic locations. A base station 105 may multiple use
antennas or antenna arrays o conduct beamforming operations for direcfionai

communications with a UE 115.

[G056] Synchronization {¢.g., cell acquisition) may be performed using SSs or channels
transmitted by a synchronization source {e.g., a base station 103). A base station may fransmit
SS blocks containing discovery reference signals. SS blocks may mnclude a primary
synchronization signal (PSS), a secondary synchronization signal (SSS), or a physical
broadcast channel (PBCH). A UE 115 attempting to access a wireless network may perform
an 1nif1al cell search by detecting a PSS from a base station 103, The PSS may enable
synchronization of symbol timing and may 1indicate a physical layer identity value. The PSS
may be utilized o acquire timing and frequency as well as a physical layer identifier. The UE
115 may then recetve an SSS. The SSS may enable radio frame synchronization, and may
provide a cell group 1dentity vaiue, which may be combined with the physical layer identifier
to form the physical celi identifier (PCID) which identifies the cell. The SSS may also enable
detection of a duplexing mode and a cyclic prefix (CP) length. An SSS may be used {o
acquire other system mnformation (e.g., subframe index). The PBCH may be used to acquire

additional sysiem mformation needed for acquisifion (e.g., bandwidth, frame 1ndex).

6057} In some cases, SS blocks may be transmitied 1n a beamformed manner. Because a
base station may not know the locations of devices attempting to synchronize with a cell, SS

blocks may be successively fransmitted 1n a beam swept manner, as described further below.

[n aspects of the present disclosure, the decoded waveforms of the SS blocks may effectively
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serve as reference signals and be used to indicate the guality of a given beam pair hink.
Accordingly, a UE 115 may recerve a beamformed SS biock and report information based on
measurements of the received SS block relative to the decoded wavetorm to the base station
105. The base station 105 may 1n turn use the reported information for a variety of purposes

(e.g., scheduling, fransmission power control). Varnious configurations for reporfing
information {e.g., which metrics to report, which beams to measure, peniodicity of

measurements, periodicity of reports) are considered herein.

[0058] FIG. 2 1llustrates an example of a wireless communications system 200 that
supports beam management using SSs through channel feedback framework 1n accordance
with various aspects oi the present disclosure. Wireless communications system 200 mncludes
a base station 105-a and a UE 115-a, each of which may be an example of the corresponding

device described with reference to FIG. 1.

[0059] Wireless communications system 200 may operate 1n frequency ranges that are
associated with beamformed fransmissions between base station 105-a and UE 115-a. For
exampie, wireless communication system 200 may operate using mmW frequency ranges. As
a result, signal processing fechniques, such as beamforming may be used to combine energy

coherently and overcome path losses.

0060} By way of example, base station 105-a may contain multiple antennas. In some
cases, each antenna may transmit a phase-shiiied version of a signal such that the phase-
shifted versions constructively interfere in certain regions and destructively interfere 1n
others. Weights may be applied to the various phase-shifted versions, e.g., 1n order {o steer
the transmissions 11 a desired direction. Such techniques (or similar techniques) may serve to

mncrease the coverage area 110-a of the base sfation 105-a or otherwise benefit the wireless

communicafions system 200.

[0061] Iransmmt beams 205-a and 205-b represent examples of beams over which
information may be transmitted. Accordingly, each transmit beam 205 may be directed from

base station 105-a toward a different region of the coverage area 110-a and 1n some cases,

two or more beams 205 may overlap. Transmif beams 205-a and 205-b may be transmtted
simultaneousiy or at different {imes. In either case, a UE 113-a may be capable of receiving

one or more transmmt beams 205 via respective receive beams 210-a, 210-b.

[0062] In one example, UE 115-a may form one or more receive beams 210-a, 210-b.

Similar o base station 105-a, UE 115-a may contain mulitiple antennas. The receive beams
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210-a, 210-b may each receive one of the transmmt beams 205-a and 205-b {e.¢., UE 115-a
may be positioned within wireless communication systems 200 such that UE 1153-a receives
both beamtormed transmit beams 205). Such a scheme may be referred to as a receive-
diversity scheme. In some cases, the recerve beams 210 may receive a single transmit beam
205-a (e.g., recetve beam 210-a may recerve the transmit beam 205-a with various pathloss
and multipath effects included). That 1s, each antenna of UE 115-a may receive the transmit
beam 205-a which has experienced different path losses or phase shifis {e.gc., different phase
shifts may be due fo the different path lengths between the base station 105-a and the
respective antennas of the UE 113-a) and appropriately combine the received signals that 1s
represented by receive beam 210. A transmit beam 205 and a corresponding receive beam
210 may 1 some cases be referred 1o as a beam pair hink. Various methods for identifying a
desired beam pair link are considered within the scope of the present disclosure. For example,
1n some cases base station 105-a may repeat fransmmssions over mulfiple transmit beams 203
(e.o., 1n every direction) and UE 1135-a may report the strongest recetved beam 205 (e.o.,
without necessarnly trying mulfiple recerve beams 210). Additionally or alternatively, base
station 105-a may transmit multipie transmit beams 205 over a small angular region {e.g., to
assist a UE 115-a 1n fine-tuning the selected transmit beam 203). Further, 1n some cases, base
station 105-a may repeat transmission of a single transmmt beam (e.g., transmmt beam 205-a)

multiple times {e.g., to allow UE 115-a to compare muitiple recerve beams 210).

[G063] In some examples, transmt beams 205 may carry CSI-RS and/or SS. Base station
105-a may transmit to UE 113-a using multiple transmit beams 205, and UE 115-a may use
different antenna sub-arrays to create various receive beams 210. For mstance, during a cell
acquisiiion procedure, the UE 115-a may recetve one or more transmit beams 205 using
different receive beams 210 and may determine the fransmit beam 205 and receive beam 210
pairing that has the strongest signal (1.e., has the highest measured signal strength or highest
signal to noise ratio (SNR)). Throughout communications, the UE 115-a may reassess the

transmit beam 2035 and receive beam 210 pairing (e.g., which may be part of beam

management} based on various SS blocks and CSI-RS transmissions.

[0064] As described herein, the virtual antenna ports and wavetorms associated with a
oiven SS block may be referred fo as a resource (e.g., such that each SS block may form a
separate resource). A simiiar definition may apply to CSI-RS (e.g., 1n which the waveforms
assoctated with a resource may stretch over a singie or several symbols). Accordingly,

measurements made by UE 115-a (e.g., reference signal recetve power {RSRP), channel
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quality mndicator (CQI)) may be made relative 1o a resource. In various examples, base station
105-a may transmt the wavetorms over several resources and request that UE 1135-a compare
thetr performance with regard to one or more specified metrics {e.g., RSRP, SNR, CQI). A
coliection of resources for comparison may be referred to as a resource sef. In some cases,

UE 115-a may be asked to report one or more metrics of each resource or of a requested

number of resources {e.g., the N best resources) together with therr CSI-RS resource indicator
(CRI). The set of transmt beams 2035 (e.g., contaiming the SS blocks) which cover ali
spatially relevant directions of the cell may be referred to herein as an SS burst. An SS burst
may have, for example, 128 S8 blocks, and 1n some cases an 8§ burst may be partitioned 1nto

subsets of SS biocks.

[0065] In some 1nstances, unified reporting for SS blocks and CSI-RS may be achieved
by looking at the sitmilanties between the SS blocks and the CSI-RS. For example, after UE
115-a has decoded the contents of the S8 blocks, the decoded waveforms can be viewed as
reference signals (e.g., stmmlarly to the wavetorms of CSI-RS). In either case, UE 115-a

rece1ves a known wavelorm over a stretch of fime from a sef of antenna ports of the base

station 1035 that are associated with a given transmut beam 203. Accordingly, base station
105-a may, for example, ask UE 115-a about the SS block(s) associated with the fransmait
beam(s) 205 which are best suited for communication with the UE 115-a. The UE 115-a may
report, for example, the RSRP and CRI idenfifying the SS block associated with the best

fransmif beam 205.

[0066] Within the CSI-RS framework, the base station 103-a may provide the detaiis of
the UE 115-a reporting procedure for each of mulliple resource sets, etc. For example, the
details may specity what UE 115-a measures {e.g., the resources associated with a resource
set) when UE 115-a reports (e.g., periodically, semi-persistently, aperiodicaily based on a
trigger, autonomously} and what metrics UE 115-a should report (e.g., CQI, RSRP, SNR). A
resource set may be configured including resources of the SS burst, and the base station 105-a
may similarly configure the details of the UE 1135-a reporting procedure. For exampie, base
station 105-a may ask the UE 115-a fo report periodically or based on a trigger {¢.g.,
aperiodically). The trigger may be based on a certain downlink control information (DCI) or
a certain condifion {(e.g., when the metric of a resource becomes better than the metric of a

previously identified best resource after accounting for a certain hysteresis).
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10067] FIG. 3 illustrates an example of a resource set configuration 304 that supports
beam management using SSs through channel feedback framework 1n accordance with
various aspects of the present disclosure. In some exampiles, resource set configuration 300
may be transmtied from a base station 105 to a UE 115 {(e.g., via RRC signaling, a conirol

channel). In some cases, various specifications of resources and resource sets described
below may be left partially or completely predetermined (e.g., programmed 1nto devices upon

provisioning on a network, hardcoded).

[0068] For example, a base station 105 may configure a UE 113 for the entire CSI-RS
procedure immediately after the UE 115 has accessed the system {e.g., performed a
connection procedure on a cell of the system). Stmilarly, the base station 1035 may configure
the UE 115 for measuring and reporting information about beams (e.g., transmit beams
and/or receive beams) associated with one or more SS blocks 1n accordance with aspects of
the present dusclosure. That 1s, alter system access, the base station 105 may provide the
details of what to measure and how to report with regards to the SS blocks. For example,

resource set configuration 300 may 1nclude resource idenfification field 303, Resource

identification field 305 may define resources (e.g., SS burst, S8 blocks, CSI-RS) to be
measured by the UE 115. For example, the base station 105 may indicate 1n the resource
identification field 305 which SS blocks of an SS burst are 1n the resource set. This
mformation may support the UE 115 1in finding suitable receive antenna arrays and receive
patterns to optimally detect the SS blocks. Additionally or alternatively, the base station 105
may indicate 1n the resource identification field 305 the fimes when the SS blocks are
transmitted and the duration of SS burst. Such mmformation may be helpful, for example, 1f the
UE 115 15 asked to monitor the SS blocks of other neighboring base stations 103 for non-
synchronized ceils. Finally, 1n some cases, the resource 1dentification hield 305 may carry
information relating to a codebook of precoding matrices to determine how to linearly
combine antenna ports to achieve a single or multilayer transmission of a resource set. In

some cases, the number of layers may be limited by the capability of the UE 115 and the

number of virtual antenna ports mnvolved 1n fransmitfing the SS block.

[0069] Resource set configuration 300 may include metric identification field 310 and/or
reporting configuration field 315. For exampie, metric identification field 310 may specity
which metrics the UE 115 1s fo measure relating to the transmitted SS blocks. Reporting
configuration field 315 may specify how the UE 115 1s to report the measured metrnics (e.g.,

periodically, semu-persistently, aperiodically following a frigeer, autonomously). Resource
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set conhiguration 300 may addifionally include other fields (e.g., such that the illustrated
fields are included for example purposes only). For example, resource set configuration 300
may inciude an 1ndicator of which SS blocks are associated with quasi collocated (QCL)
beams (¢.g., beams that point 1nto sumilar directions). Further, though illustrated separately

for the sake of explanation, mnformation associated with the various tields described above

may 1n some cases be combined {e.g., such that a given meftric may always be associated with

periodic fransmission).

[6070] In some cases, a base station 105 may configure a UE 115 for multiple resource
set configurations 300 for concurrent operation. For exampie, each resource set configuration
300 may 1ndicate different resources, and different UE 115 or groups of UEs 115 may be

configured differently (e.g., based on a location within the coverage area).

[6071] Altemative methods of defiming {(e.g., and configuring) resources and resource
sefs are also considered. For example, 1n some cases SS blocks of an SS burst may be
partifioned into groups (e.2., SS burst subsets), and a UE 115 may be asked to 1dentify one or
more groups of resources within the SS burst. In some examples, the groups may be
communicated to the UE 115 at the time of configuration {e.g., after system access) or may
be defmed (.., by some specification). For example, such an approach may be usefui 1f
there 15 a laree number of SS blocks and the base station 105 does not want to wait untii the
end of the entire SS burst betore the base station 105 recerves a report. Accordingly, such an

approach may be associated with lower latency.

[0072] Also considered 1s an approach 1 which all the SS blocks of the SS burst form a
single resource with mulfiple antenna ports. In some cases, a codebook of precoding matrices
may be used such that only one or two antenna ports may be combined to form a layer.
Accordingly, if RSRP 1s defined as the performance metric {(¢.g., 1n metric 1denfification hield
310), the UE 115 may automatically search for the SS block with the highest RSRP and
report 1t {e.g., based on reporting configuration field 315) using the associated precoding
matrix imndicator. This may be used, for example, when the base station 103 fransmits multiple
SS blocks at the same time (e.g., 1n the same slot) using multiple concurrent transmit beams.
The UE 115 may report a precoding matrix indicator {PMI) or other index {o the codebook
that 1dentifies the antenna port having the highest performance metric. The UE 115 may

addifionally report the performance metric. Accordingly, the UE 115 may report RSRP/CQI
together with a PMI (e.g., in addifion to or instead of a CRI).
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[6073] In accordance with various techniques described herein, SSs may assist in beam
management through the use of the channel feedback framework. A base station 105 may
periodically transmit a plurality of SS blocks that are beamformed 1nto multiple spatial
directions. In some cases, the base station 105 and/or predetermined mmformation may define
what portion of the transmitted SS biocks constfifufe a resource or a resource sef. The base
station 105 may configure the UE 115 for measurements and reporting using the framework
of CSI-RS applied to the defined resources and resource sets. The UE 115 may report
mformation about the beamformed SS blocks according to the configuration. In some
exampies, the base station 105 configures the UE 115 to report the RSRP or CQI for the best
resource along with a CRI. In some cases, the base station configures the UE 115 fo report

with a certain periodicity or upon occurrence of certain trigeers.

[0074] FIG. 4 illustrates an example of a process flow 400 that supports beam
management using SSs through channel feedback framework 1n accordance with various
aspects of the present disclosure. Process tlow 400 1ncludes a UE 115-b and base station

105-b, each of which may be an example of the corresponding device described above with

reterence to FIGs. 1 and 2.

[0075] At 405, base station 105-b and UE 115-b may establish a communicafion link

(c.g., which may be an example of a communication hink 125 as described with reference to
FIG. 1). For example, the communication hink at 405 may support beamformed

communications.

0076} At 410, base station 105-b may optionaily transmit a configuration message to UE
115-b. The conliguration message may include, for example, one or more fields of a resource

set configuration 300 described with reference to FIG. 3. Accordingly, at 410, base station
105-b may configure for UE 115-b, according to a channel state immformation (CSI)

tframework, a first feedback resource set and reporting configuration.

0077} At 415, UE 115-b may identify a first feedback resource set and reporting

configuration that indicates a plurality of SS blocks of an SS burst transmitied by base stafion

105-b using a first set of transmission beams. In some cases, the 1identification of the
configuration may be based on the configuration message received at 410. That 1s, the
identitying the first feedback resource set and reporting configuration may mciude receiving
the first feedback resource set and reporting configuration from the base station 105-b. In

exampies, the plurality of SS blocks may include a subset of SS blocks of the SS burst. In
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some cases, the first feedback resource set and reporting conliguration 1ncludes a spatial QCL
indicator for at ieast one of the plurality of 88 blocks, an indicator of resources for the
plurality of SS blocks, an indicator of a duration of the SS burst, an indicator of antenna ports
associated with the plurality of SS blocks, an indicator of a number of SS blocks of the SS

burst, an indicator of a channel metric for reporting for the plurality of SS blocks, or a

combination thereof.

|G078] At 420, UE 115-b may receive the SS burst form the base station 103-b. In some
cases, the UE 113-b may identity a waveform for the plurality of SS blocks for perfornng

the tirst channel measurements based at least on decoding at least one SS block of the SS

burst recerved at 420,

[0079] At425, UE 113-b may perform first channel measurements for the plurality of 88

blocks. In aspects, the first channel measurements may be based on the configuration

identitied at 415.

[GOB0] At 430, UE 115-b may report, to base station 105-b, a first resource indicator for

at feast one of the plurality of SS blocks based on the first channel measurements. In some
cases, base station 105-b may deternmune a characteristic of a transmission beam for a
fransmission {e.g., data transmission, control transmission, future fransmissions, current
fransmussions) to UE 115-b based on the first resource indicator. In some examples, the
reporfing mchudes reporting a channel metric associated with at least one of the plurahity of
SS blocks. In some cases, the report includes an indicator of an antenna port for at least one
of the plurality of SS blocks. In aspects, the reporting may occur periodically, sem-
persistently, or aperiodically as 1denfified by the hirst feedback reporting configuration. In
some cases, reporting aperiodically may occur based on a trigger, where the frigger inciudes
receving a reporiing mdicator i a DCI message or 1denfifying a tnggering event based on

the channel measurements performed at 4235,

0081} At 435, UE 115-b may optionally obtain a second feedback resource set and

reporfing configuration 1deniifying a set of resources associated with a CSI-RS fransmitfed by

base station 105-b using a second set of transmission beams (which may be the same or
different from the fransmission beams used to fransmit the SS burst at 420). In some cases,
the second configuration may be obtained at the same time as and/or 1n a siimlar manner fo

the first configuration {¢.g., may be obtained 1n the configuration message at 410 or a simular

message).
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| GO82] At 440, UE 115-b may perform second channel measurements for the CSI-RS

based on the second configuration.

0083} At 445, UE 115-b may report according fo the second reporting configuration, to

base station 105-b and based on the second channel measurements performed at 440, at least
one channel metric for at least one of the set of resources associated with the CSI-RS and a

second resource indicator of the at least one of the set of resources.

(0084 FIG. § shows a block diagram 500 of a wireless device 505 that supports beam
management using SSs through channel feedback framework 1n accordance with aspects of
the present disclosure. Wireless device 505 may be an example of aspects of a UE 115 as
described herein. Wireless device 505 may include receiver 510, UE beam manager 515, and
transmitter 520. Wireless device 305 may also inctude a processor. Each of these components

may be 1in communication with one another (e.g., via one or more buses).

[0085] Recerver 310 may receive mformation such as packets, user data, or controi
information associated with various information channels {e.g., control channels, data
channels, and information related o beam management using SSs through channel feedback
framework). Information may be passed on {o other components of the device. The receiver

510 may be an example of aspects of the transceiver 835 described with reference to FIG. 8.

The recerver 510 may ufilize a single antenna or a set of antennas.

[0086] UL beam manager 3135 may be an exampie of aspects of the UE beam manager
815 described wath reference to FIG. 8.

0087} UE beam manager 515 and/or at least some of 1ts various sub-components may be

mplemented 1n hardware, software executed by a processor, firmware, or any combination

thereof. [T implemented 1n software executed by a processor, the functions of the UE beam
manager 515 and/or at least some of 1ts various sub-components may be execuied by a
general-purpose processor, a digital signal processor (DSP), an application-specific integrated
circuit {ASIC), an field-programmable gate array (FPGA) or other programmable logic

device, discrete gate or fransistor logic, discrete hardware components, or any combination

thereot designed to perform the functions described 1n the present disclosure.

[0088] The UE beam manager 515 and/or at least some of 1ts various sub-components
may be physicaily iocated af various positions, including being distributed such that portions

of functions are implemented at different physical locations by one or more physical devices.
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In some examples, UL beam manager 515 and/or at least some of 1is various sub-componenis
may be a separate and distinct component 1n accordance with various aspects of the present
disclosure. In other examples, UE beam manager 515 and/or at least some of 1ts various sub-
components may be combined with one or more other hardware components, 1ncluding but

not limited to an I/O component, a transceiver, a network server, another compuiing device,

one or more other components described 1n the present disclosure, or a combination thereof

1n accordance with various aspects of the present disclosure.

[6089] UE beam manager 313 may 1dentify a first feedback resource set and reporting
configuration according to a CSI framework that indicates a set of SS blocks of an SS burst
transmitied by a base station using a first set of {fransmission beams, perform first channel
measurements for the set of SS blocks, and report, to the base station, a first resource

indicator for at least one of the set of SS blocks based on the first channel measurements.

[0090] Transmtter 520 may fransmit signals generated by other components of the
device. In some examples, the transmitter 520 may be collocated with a recetver 510 1n a
transceirver module. For example, the transmitter 520 may be an example of aspects of the
transcerver 8335 described with reference to FIG. 8. The transmutter 520 may uiilize a single

antenna or a set of antennas.

[0091] FIG. 6 shows a block diagram 600 of a wireless device 605 that supports beam
management using SSs through channel feedback framework 1 accordance with aspects of
the present disclosure. Wireless device 605 may be an example of aspects of a wireless
device 505 ora UE 115 as described with reference to FIG. 5. Wireless device 605 may
inciude receiver 610, UE beam manager 615, and transmatter 620. Wireless device 605 may

also include a processor. Each of these components may be 11 communication with one

another {(€.2., via one or more buses).

6092} Recerver 610 may recerve mformation such as packets, user data, or control
information assoctated with various information channels {¢.g., control channels, data

channels, and information related to beam management using SSs through channel feedback

framework). Information may be passed on fo other components of the device. The receiver
610 may be an example of aspects of the transcerver 833 described with reference to IIG. 8.

The recerver 610 may utilize a single antenna or a set of antennas.

[0093] UE beam manager 6135 may be an exampie of aspects of the UE beam manager
815 described with reference to I'IG. 8.
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[6094] UL beam manager 615 may also include conhiguration component 625,

measurement component 630, and reporfing component 633.

[0095] Configuration component 625 may 1dentify a first feedback resource set and

reporfing configuration according to a CSI framework that indicates a set of SS blocks of an
SS burst fransmaitted by a base station using a first set of transmission beams and obtain a
second feedback resource set and reporting configuration 1dentifying a set of resources
associated with a CSI-RS transmtted by a base station using a second set of transmission
beams. In some cases, the set of SS blocks includes a subset of SS blocks of the SS burst. In
some cases, the identitving the first feedback resource set and reporting configuration
inciudes receiving the first feedback resource set and reporting configuration from the base
station. In some cases, the first feedback resource set and reporting configuration 1ncludes a
spatial quasi-colocation indicator for at least one of the set of SS blocks, an indicator of
resources for the set of SS blocks, an indicator of a duration of the SS burst, an indicator of
antenna ports associated with the set of SS blocks, an 1ndicafor of a number of SS blocks of

the SS burst, an mndicator of a channel metnic for reporfing for the set of SS blocks, or a

coinbination thereof.

[0096] Measurement component 630 may perform first channel measurements for the set

of SS blocks and perform second channel measurements for the CSI-RS.

(06097} Reporting component 635 may report according to the second reporting

configuration, to the base station, a hirst resource indicator for at least one of the set of SS
blocks based on the first channel measurements and report, to the base stafion based on the
second channel measurements, at least one channel metric for at least one of the setf of
resources associated with the CSI-RS and a second resource mdicator of the at least one of
the set of resources. In some cases, the reporting includes reporting a channel metric
associated with the at least one of the set of SS blocks. In some cases, the reporting inciudes
reporfing an mndicator of an antenna port for at least one of the set of SS blocks. In some
cases, the reporting may occur periodically, semm-persistently, or aperiodically as identified

by the first feedback reporting configuration.

[0098] Transmtier 620 may fransmif signals generafed by other components of the
device. In some examples, the transmtter 620 may be collocated with a recerver 610 1n a

transcerver module. For example, the transmitier 620 may be an example of aspects of the

RECTIFIED SHEET (RULE 91) ISA/EP



CA 03054344 2015-08-21

WO 2018/187354 PCT/US2018/025931
25

fransceiver 835 described with reference to FIG. 8. The transmutter 620 may ufilize a smgle

antenna or a set of antennas.

[0099] FI1G. 7 shows a block diagram 700 of a UE beam manager 7135 that supports beam

management using SSs through channel feedback framework 1n accordance with aspects of
the present disclosure. The UE beam manager 715 may be an example of aspects of a UE
beam manager 315, a UL beam manager 613, or a UE beam manager 815 described with
reference to FIGs. 5, 6, and 8. The UE beam manager 715 may mnclude configuration
component 720, measurement component 725, reporting component 730, waveform
component 733, and frigger component 740. Each of these modules may communicate,

directly or indirectly, with one another (e.g., via one or more buses).

[0100] Configuration component 720 may recerve signal 745 (e.g., via a recetver 310 or
610), and may 1dentify a first feedback resource set and reporting configuration according to
a CSI framework that indicates a set of SS blocks of an S8 burst fransmitted by a base station
using a first set of transmission beams and obtain a second feedback resource set and
reporfing configuration according to the CSI framework, where the second feedback resource
set and reporting configuration i1dentifies a set of resources associated with a CSI-RS

transmitied by a base station using a second set of {fransnussion beams. In some cases, the set

of 8S blocks inciudes a subset of SS blocks of the SS burst.

0101} In some cases, the identifving the first feedback resource set and reporting

configuration includes receiving the first feedback resource set and reporting configuration
from the base station. In some other cases, the first feedback resource set and reporting
configuration includes a spatial quasi-colocation indicator for at least one of the set of S§S
blocks, an indicator of resources for the sef of SS blocks, an indicator of a duration of the SS
burst, an idicator of antenna ports associated with the set of SS biocks, an indicator of a
number of S8 blocks of the SS burst, an mdicator of a channel metric for reporting for the set
of SS biocks, or a combination thereof. Configuration component 720 may pass information
750 mndicating the set of SS blocks for performing the channel measurements to waveform

component 7335, Conliguration component 720 may also pass information 765 indicating the

channel metric for reporfing to measurement component 725.

[0102] Waveform component 735 may identify a wavetform 733 received {e.g., via a

transmtter 520 or 620) for the sef of SS blocks for performing the first channetl

measurements based on decoding at least one SS biock of the SS burst, where the at least one
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SS block of the SS burst may be 1ndicated 1n mformation 750. Wavelorm component 735

may relay the waveform for performing channel measurements fo measurement component

725 via information 760,

[0103] Measurement component 725 may perform first channel measurements indicated
1n information 763 for the set of SS blocks. Measurement component 725 may perform

second channel measurements for the CSI-RS. Measurement component 725 may pass along

channel measurements 770 to reporting component 730.

0104} Reporting component 730 may report, to the base station, information 785 relating
to the channel measurements. That 1s, reporting component 730 may report, to the base
station, a first resource indicator for at least one of the sef of SS blocks based on the first
channel measurements and report, to the base station based on the second channel
measurements, at least one channel metric for at least one of the set of resources associated
with the CSI-RS and a second resource indicator of the at least one of the set of resources. In
some cases, the reporting inciudes reporiing a channel metric associated with the at least one
of the set of SS blocks. In some instances, the reporting includes reporting an 1ndicator of an
antenna port for at least one of the set of SS blocks. In some cases, the reporting may occur
periodically, semu-persistently, or aperiodically as identified by the first feedback

configuration.

0105} Irigger component 740 may report a frigger or reporting mndicator via bus 780 {o

reporting component 730. In some cases, reporting aperiodicaily may occur based on a

frigger, where the trigger 1mncludes receiving a reporting indicator 1n a downhink conirol
information message 775 or 1dentifyving a triggering event based on the first channel

measurements.

[G106] FI1G. 8 shows a diagram of a system 800 1aciuding a device 805 that supports
beam management usimg SSs through channel feedback framework 1n accordance with
aspects of the present disclosure. Device 805 may be an example of or include the

components of wireless device 303, wireless device 603, ora UE 1135 as described above,

¢.o., with reference to FIGs. 5 and 6. Device 805 may include components for bi-directional
voice and data communications including components for fransmitting and receiving
communications, including UE beam manager 8153, processor 820, memory 825, software

830, franscerver 835, antenna 840, and /0 controller 845. These components may be in
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electronic communication via one or more buses (e.g., bus §10). Device 805 may

communicate wirelessly with one or more base stations 1035.

0107} Processor 820 may include an intelligent hardware device, {(e.g., a general-purpose

processor, a DSP, a central processing unit (CPU), a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or fransistor logic component, a discrete hardware
component, or any combination thercot). In some cases, processor 820 may be configured to
operate a memory array using a memory controller. In other cases, a memory controller may
be integrated into processor 820. Processor 820 may be configured to execute computer-
readable 1nstructions stored 1n a memory to perform various functions {e.g., functions or tasks

supportfing beam management using SSs through channel feedback framework).

[0108] Memory 825 may 1inciude random access memory (RAM) and read only memory
(ROM). The memory 825 may store computer-readable, computer-executable software 830
including instructions that, when executed, cause the processor {0 perform various functions
described herein. In some cases, the memory 825 may contain, among other things, a basic
input/output system (BIOS) which may control basic hardware and/or software operation

such as the mferaction with peripheral components or devices.

[6109] Software 830 may include code to implement aspects of the present disciosure,

including code to support beam management using SSs through channel feedback framework.
Software 830 may be stored 1n a non-fransitory computer-readable medium such as system

memory or other memory. In some cases, the software 830 may not be directly executable by

the processor but may cause a computer {e.g., when compiled and executed) to perform

functions described herein.

0110} Transceiver 835 may communicate bi-directionally, via one or more antennas,
wired, or wireless Iinks as described above. For example, the transceiver 835 may represent a
wireless transcerver and may comnrunicate bi-directionally with another wireless transceiver.
The franscerver 835 may also include a modem to modulate the packets and provide the

moduiated packets o the antennas for fransmission, and {o demodulate packets received from

the antennas.

[0111] In some cases, the wireless device may mclude a single antenna 840. However, in

some other cases the device may have more than one antenna 840, which may be capable of

concurrently transmmtfing or receiving multiple wireless transmissions.
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[0112] [/O controller 845 may manage 1mnput and ouiput signals for device 8035. I/O
controller 845 may also manage peripherals not mntegrated into device 8035. In some cases, /O
controller 845 may represent a physical connection or port to an external peripheral. In some
cases, [/O controller 845 may ufilize an operating system such as 10S®, ANDROID®, MS-
DOS®, MS-WINDOWS®, OS/2®, UNIX®, LINUX®, or another known operating system.

In other cases, I/O confrolier 845 may represent or inferact with a modem, a keyboard, a
mouse, a fouchscreen, or a sinmlar device. In some cases, 1/0 controlier 845 may be
implemented as part of a processor. [n some cases, a user may interact with device 805 via

[/O controller 845 or via hardware components controlled by I/O controiler 8435.

[0113] FIG. 9 shows a block diagram 900 of a wireless device 905 that supports beam
management using SSs through channel feedback framework 1n accordance with aspecis of
the present disclosure. Wireless device 905 may be an example of aspects of a base station
1035 as described heremn. Wireless device 905 may include recerver 910, base station beam
manager 915, and transmtter 920. Wireless device 905 may also mclude a processor. Each of

these components may be 1n communication with one another (¢.g., via one or mor¢ buses).

(01 14] Receiver 910 may receive mformation such as packets, user data, or control
information associated with various information channels {e.g., control channels, data
channels, and mmformation related fo beam management using SSs through channel feedback
tramework). Information may be passed on 1o other components of the device. The receiver
910 may be an example of aspects of the transceiver 12335 described with reference to

FIG. 12. The recerver 910 may ufilize a single antenna or a set of antennas.

[0115] Base station beam manager 915 may be an example of aspects of the base station

beam manager 1215 described with reference to FIG. 12.

[0116] Base station beam manager 915 and/or at least some of 1ts various sub-
components may be implemented 1n hardware, software executed by a processor, hirmware,
or any combination thereof. If implemented 1n software e¢xecuted by a processor, the

functions of the base station beam manager 915 and/or at ieast some of 1fs various sub-

components may be executed by a general-purpose processor, a DSP, an ASIC, an FPGA or
other programmable logic device, discrete gate or fransisior logic, discrete hardware
components, or any combination thereof designed to perform the functions described 1n the

present disclosure.
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0117] 1he base station beam manager 915 and/or at least some of 1{s various sub-
componenis may be physically located at various positions, including being distributed such
that portions of functions are implemented at different physical locations by one or more
physical devices. In some examples, base station beam manager 915 and/or at least some of
1fs various sub-components may be a separate and distinct component 1n accordance with
various aspects of the present disclosure. In other examples, base station beam manager 915
and/or at least some of 1fs various sub-components may be combined with one or more other
hardware components, including but not limited to an I/O component, a transceiver, a
network server, another computing device, one or more other components described n the
present disclosure, or a combination thereof 1n accordance with various aspects of the present

disclosure.

0118} Base station beam manager 915 may configure, for a UE, a first feedback resource
set and reporting configuration according to a CSI framework that indicates a set of SS
blocks of an SS burst transmitted by the base station using a first set of fransmaission beams,

receive, from the UE, a first resource indicator of at least one of the set of SS blocks, and

determine a characteristic of a transmission beam ftor a data or control transmaission o the UE

based on the first resource 1ndicator.

[0119] Transmtter 920 may fransmit signals generated by other components of the
device. In some examples, the transmitier 920 may be collocated with a recerver 910 1n a
transceiver module. For example, the transmitter 920 may be an example of aspects of the
transcerver 1235 described with reference to IIG. 12. The transmuatter 920 may utilize a single

antenna or a set of antennas.

[0120] FIG. 10 shows a block diagram 1000 of a wireless device 1003 that supports

beam management using SSs through channetl feedback framework 1n accordance with
aspects of the present disclosure. Wireless device 1005 may be an example of aspects of a
wireless device 905 or a base station 105 as described with reference to FIG. 9. Wireless
device 1005 may include recerver 1010, base station beam manager 1015, and fransmuitter

1020, Wireless device 1005 may also include a processor. Each of these components may be

1n communication with one another (e.g., via one or more buses).

[0121] Receiver 1010 may receive information such as packets, user data, or control
information associated with various information channels {e.g., control channels, data

channels, and imformation related to beam management using SSs through channel feedback
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framework). Information may be passed on 10 other components of the device. The receiver

1010 may be an example of aspects of the franscerver 1235 described with reference to

FIG. 12. The receiver 1010 may utilize a single antenna or a set of antennas.

[0122] Base station beam manager 1015 may be an example of aspects of the base station

beam manager 1215 described with reference to FIG. 12.

[0123] Base station beam manager 1015 may also include configuration component 1025,

reception component 1030, and beam component 1035.

[0124] Configuration component 1025 may configure, for a UE, a first feedback resource
set and reporting configuration according to a CSI framework that indicates a set of SS
blocks of an 8§ burst transnutted by the base station using a first set of fransmission beams.
Configuration component 1025 may also configure, for the UE, a second feedback resource
set and reporting configuration according to the CSI framework, where the second feedback
resource set and reporting configuration 1dentifies a set of resources associated with a CSI-RS
transmtted by the base station using a second set of transmission beams. In some cases, the
set of SS blocks includes a subset of SS blocks of the SS burst. In some cases, the first
feedback resource set and reporting configuration 1ncludes an indication for periodic, semi-
persistent, or aperiodic reporfing, a spatial quasi-colocation indicator for at least one of the set
of SS blocks, an indicator of resources for the sef of SS blocks, an indicator of a duration of
the SS burst, an imndicator of antenna ports associated with the set of SS blocks, an indicator

of a number of SS blocks of the SS burst, an indicator of a channel metric for reporting for

the sef of SS blocks, or a combination thereof.

[0125] Reception component 1030 may receive, from the UL, a first resource indicator of
at least one of the set of SS blocks. In some cases, the receiving mciudes receiving a channel
metric associated with the at least one of the set of SS blocks. In some cases, the receiving

includes recerving an indicator of an antenna port for the at least one of the set of SS blocks.

[0126] Beam component 1035 may determine a characteristic of a tfransmission beam for

a data or control transmission to the UE based on the first resource indicator.

[0127] Transmtier 1020 may transmit signals generated by other components of the

device. In some examples, the transmtier 1020 may be collocated with a recerver 1010 1m a

transceiver module. For example, the transmitter 1020 may be an example of aspects of the
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transcerver 1235 described with reference to FIG. 12. The transmatter 1020 may utihze a

single antenna or a set of antennas.

[0128] FIG. 11 shows a block diagram 1100 of a base station beam manager 1115 that

supports beam management using SSs through channel feedback framework 1in accordance
with aspects of the present disclosure. The base station beam manager 1115 may be an
¢xampie of aspects of a base station beam manager 1213 described with reference to IIGs. 9,
10, and 12. The base station beam manager 1115 may include configuration component 1124,
reception component 1125, beam component 1130, and metric component 1135. Each of
these modules may communicate, directly or indirectly, with one another (e.g., via one or

more buses).

[0129] Configuration component 1120 may configure, for a UE, a first feedback resource
set and reporting configuration according to a CSI framework that indicates a set of 8S
blocks of an SS burst fransmtted by the base station using a first set of fransmission beams.
Conftiguration component 1120 may also configure, for the UE, a second feedback resource
set and reporting configuration according to the CSI framework, where the second feedback
resource set and reporting configuration identifies a set of resources associated with a CSI-RS
fransmtted by the base station using a second set of transmission beams. In some cases, the
set of SS blocks 1ncludes a subset of SS blocks of the SS burst. Configuration component
1120 may transmt (e.g., via transmaitter 920, 1020) a teedback resource set and reporting

configuration 1140 to a UE.

0130} In some cases, the first feedback resource set and reporiing configuration mnciudes
an indication for periodic, semi-persistent, or aperiodic reporfing, a spatial quasi-colocation

indicator for at least one of the sef of SS blocks, an indicator of resources for the set of SS

blocks, an indicator of a duration of the SS burst, an indicator of antenna ports associated
with the set of SS blocks, an mdicator of a number of SS blocks of the S8 burst, an inhdicator

of a channel meitric for reporting for the set of SS blocks, or a combination thereof.

[0131] Reception component 1125 may receive {e.g., via recerver 910, 1010}, from the
UE, information 11435. Information 1145 may include a first resource indicator of at least one
of the set of SS blocks. In some cases, the receiving mncludes receiving a chaanel metric
associated with the at least one of the set of SS blocks. In some cases, the receiving includes
rece1rving an indicator of an antenna port for the at least one of the set of SS blocks.

Reception component 1125 may pass along information 1150 to metric component 1133.
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[0132] Metric component 1135 may receive at least one channel meiric, from a UL, for at
least one of the set of resources associated with the CSI-RS and a second resource indicator
of the at least one of the set of resources, where the determuining the characteristic of the
fransmission beam 15 based on the at least one channel metric. Metric component 1135 may

relay information 1155 regarding channel metrics fo beam component 1130.

[0133] Beam component 1130 may determine a characteristic of a fransmission beam for

a data or control fransmission to the UE based on the first resource indicator recerved via

information 1155.

0134} FIG. 12 shows a diagram of a system 1200 including a device 1205 that supports

beam management using SSs through channel feedback framework 1n accordance with
aspects of the present disclosure. Device 1205 may be an exampie of or include the
componenis of base station 105 as described above, e.g., with reference to FIG. 1. Device
1205 may include components for bi-directional voice and data communications including
components for transmiiting and recerving communications, including base stafion beam
manager 1215, processor 1220, memory 1225, software 1230, transcerver 1235, antenna
1240, network communications manager 12435, and mter-station communications manager
1250. These components may be 1n electronic communication via one or more buses {e.2.,

bus 1210). Device 1205 may communicate wirelessly with one or more UEs 113.

0135} Processor 1220 may include an intelligent hardware device, (e.g., a general-

purpose processor, a DSP, a CPU, a microcontrolier, an ASIC, an FPGA, a programmabile

logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereol). In some cases, processor 1220 may be configured to operate a
memory array using a memory controiler. In other cases, a memory controller may be
mteerated into processor 1220. Processor 1220 may be configured to execute computer-
readable instructions stored 1 a memory fo perform various functions {¢.g., functions or tasks

supporting beam management using SSs through channel feedback framework).

[0136] Memory 1225 may include RAM and ROM. The memory 1225 may store
computer-readable, computer-executable software 1230 including instructions that, when
executed, cause the processor to perform varnious functions described herein. In some cases,
the memory 1225 may confain, among other things, a BIOS which may control basic

hardware and/or software operation such as the inferaction with peripheral components or

devices.
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[0137] Software 1230 may include code to implement aspects ot the present disclosure,
mcluding code to support beam management using SS8s through channel feedback framework.
Sottware 1230 may be stored 1n a non-transitory computer-readable medium such as system
memory or other memory. In some cases, the software 1230 may not be directly executable

by the processor buf may cause a computer {e.g., when compiled and executed) to perform

functions described herein.

01 38] Transceiver 1235 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the fransceiver 12335 may represent
a wireless transceiver and may communicate bi-directionally with another wireless
transce1ver. The transceiver 1235 may also include a modem fo modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

recerved from the antennas.

[0139] In some cases, the wireless device may include a single antenna 1240. However,
1n some cases the device may have more than one antenna 1240, which may beé capable of

concurrently fransmmtiing or receiving multiple wireless transmissions.

0140} Network communications manager 1245 may manage communicafions with the
core network 130 (e.g., via one or more wired backhaul hnks). For example, the network
communicafions manager 1245 may manage the transfer of data communications for chent

devices, such as one or more UEs 115.

[0141] Inter-station communications manager 1250 may manage communications with
other base station 103, and may include a controller or scheduler for controiling
communications with UEs 115 1 cooperation with other base stations 1035. For example, the
inter-station communications manager 1250 may coordinate scheduling for transmissions fo
UEs 115 for various mnterference mifigation techniques such as beamforming or joint
transmission. In some exampies, mter-station communications manager 1250 may provide an
X2 mterface within an L'TE/L'TE-A wireless communication network technology fo provide

communication befween base sfations 1035.

0142] F1G. 13 shows a flowchart itiustrating a method 1300 for beam management
using SSs through channel feedback framework. The operations of method 1300 may be
implemented by a UE 115 or 1ts components as described heremn. For example, the operations
of method 1300 may be performed by a UE beam manager as described with reference to

FIGs. 5 through 7. In some examples, a UE 115 may execute a set of codes to control the
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functional elements of the device to perform the functions described below. Additionally or

alternafively, the UE 115 may perform aspects of the functions described below using

special-purpose hardware.

[0143] At block 1305 the UE 115 may 1denfify a feedback resource set and reporting

configuration according to a CSI framework. The feedback resource set and reporting
configuration may indicate a plurality of SS blocks of an SS burst transmitied by a base
station 105 using a first set of transmussion beams. In some cases, the UE 115 may receive
the first feedback resource set and reporting configuration from the base station 105. The
operations of block 1305 may be performed according to the methods described herein. In
certain examples, aspects of the operafions of block 1305 may be performed by a

configuration component as described with reference to FIGs. 6 and 7.

[0144] Atblock 1310, the UE 115 may perform first channel measurements for the
plurality of SS blocks. The operations of block 1310 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1310 may

be performed by a measurement component as described with reference to FIGs. 6 and 7.

0145} Atblock 1313, the UE 113 may report, {0 the base station 1035, a first resource
indicator for at ieast one of the plurality of SS blocks based on the first channel

measurements. In some examples, the UE may report a channel metric associated with the at
least one of the pluralhity of SS biocks. The reporting may occur periodicaily, semi-
persistently, or aperiodically as identified by the first reporting configuration. Further, the
aperiodic reporting may occur based on a trigger, where the trigger 1ncludes receiving a
reporfing indicator 1n a DCI message or idenfifying a triggering event based on the first
channel measurements. The operations of block 1313 may be performed according to the
methods described herein. In certain exampies, aspects of the operations of block 1315 may

be performed by a reporting component as described with reference to FIGs. 6 and 7.

0146} FIG. 14 shows a flowchart itiustrating a method 1400 for beam management
using SSs through channel feedback framework. The operations of method 1400 may be

implemented by a base station 103 or 1ts components as described herein. For example, the
operations of method 1400 may be performed by a base station beam manager as described
with reference to FIGs. 9 through 11. In some examples, a base station 105 may execute a set

of codes fo control the functional elements of the device fo perform the functions described
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below. Additionally or alternatively, the base station 105 may perform aspects of the

functions described below using special-purpose hardware.

0147} At block 14035, the base station 105 may configure, for a UE 1135, a first feedback

resource set and reporfing configuration according to a CSI framework that indicates a
plurality of SS blocks of an S8 burst fransmatted by the base station using a first set of
transmission beams. The feedback resource sef and reporting configuration may 1aclude an
indication for periodic, senu-persistent, or apenodic reporting, a spatial quasi-colocation
indicator for at ieast one of the plurality of SS blocks, an indicator of resources for the
plurality of SS blocks, an indicator of a duration of the SS burst, an indicator of antenna ports
associated with the pilurality of SS blocks, an indicator of a number of SS blocks of the 8S
burst, an indicator of a channel metric for reporting for the plurality of SS blocks, or
combination thereof. The operafions of block 1405 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1405 may

be performed by a configuration component as described with reference to FIGs. 10and 11.

[0148] Atblock 1410, the base station 105 may receive, from the UE 113, a first resource
indicator of af least one of the plurality of SS blocks. In some mnstances, the base station 105
may receive a channel metric associated with the at least one of the plurality of SS blocks. In
some other cases, the base station 103 may receive an indicator of an antenna port for the at
least one of the piurality of SS blocks. The operations of block 1410 may be performed
according to the methods described herein. In certain examples, aspects of the operafions of

block 1410 may be performed by a reception component as described with reference 1o

FIGs, 10and 11.

[0149] At block 1413, the base station 105 may determine a characteristic of a
transmission beam for a data or control transmussion to the UE 115 based on the first resource
indicator. The base station 105 may deternune the characteristic of the transmission beam
based on at least one channel metnic. The operations of block 1415 may be performed
according to the methods described heremn. In certain examples, aspecis of the operations of

block 1415 may be performed by a beam component as descrnibed with reference to FIGs. 10

and 11.

[0150] [t should be noted that the methods described above describe possibie

implementations, and that the operations and the steps may be rearranged or otherwise
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maodified and that other implementations are possibie. Further, aspects from two or more of

the methods may be combined.

(0151} Technmques described herein may be used for various wireless communications

systems such as code division multiple access (CDMA), time division multipie access
(TDMA), frequency division multipie access (FDMA), orthogonal frequency division
multiple access (OFDMA), single carrier frequency division muitiple access (SC-IF'DMA),
and other systems. The terms “system” and “network™ are often used interchangeably. A

CDMA system may implement a radio fechnology such as CDMA2000, Universal Terrestrial
Radio Access (UTRA), etc. CDMAZ2000 covers IS-2000, I5-95, and IS-856 standards. [S-

2000 Releases may be commonly referred to as CDMA2000 1X, 1X, etc. IS-856 (TIA-836)
1s commoniy referred to as CDMAZ000 1xEV-DO, High Rate Packet Data (HRPD), etc.
UTRA mchudes Wideband CDMA (WCDMA) and other vanants of CDMA. A TDMA
system may mmpiement a radio technology such as Global System for Mobule

Communications {GSM).

[0152] An OFDMA system may implement a radio technology such as Ultra Mobiie
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics

Engineers (IEEE) 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, eic.
UTRA and E-UTRA are part of Unmiversal Mobile Telecommunications System (UMTS).
LTE and LTE-A are releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A, NR, and GSM are described 1n documents from the organization named “3rd
Generation Partnership Project” (3GPP). CDMAZ2000 and UMB are described 1n documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2). The techniques

described herein may be used for the systems and radio technologies mentioned above as well
as other systems and radio technologies. While aspects of an L'TE or an NR system may be

described for purmpoeses of example, and LTE or NR termunology may be used 1n much of the

description, the techniques described herein are applicable beyond L'TE or NR apphications.

[0153] In LTE/LTE-A networks, including such networks described herein, the term eNDB
may be generally used to describe the base stations. The wireless communications system or
systems described heremn may include a heterogeneous L'TE/LTE-A or NR network 1n which
different types of eNBs provide coverage for various geographical regions. For example, each

eNDB, next gNB, or base station may provide communication coverage for a macro cell, a

small cell, or other types of cell. The term “cell” may be used to describe a base station, a
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carrier or CC associated with a base station, or a coverage area {e.g., sector) ol a carner or

base station, depending on context.

0154} Base stations may include or may be referred to by those skilled 1n the art as a

base transceiver station, a radio base station, an access point, a radio franscerver, a NodeB,
eNB, eNB, Home NodeB, a Home eNodeB, or some other suitable terminology. The
cgographic coverage area for a base stafion may be divided into sectors making up only a
portion of the coverage area. The wireless communications system or systems described
herein may include base stations of different types (e.2., macro or smali cell base stations).
The UEs described herein may be able to communicate with various types of base stations
and network equipment 1ncluding macro eNBs, small cell eNBs, g¢NBs, relay base stations,

and the like. There may be overlapping eeographic coverage areas for different technologies.

[0155] A macro cell generaily covers a relatively large geographic area (e.g., several
kilometers 1n radius) and may allow unrestricted access by ULs with service subscriptions
with the network provider. A small cell 15 a lower-powered base station, as compared with a
macro cell, that may operate in the same or different (e.g., licensed, uniicensed) frequency
bands as macro cells. Small cells may inciude pico celis, femto cells, and micro cells
according to various examples. A pico cell, for example, may cover a small geographic area
and may allow unrestricted access by UEs with service subscriptions with the network
provider. A femto cell may also cover a small geographic area (e.g., a home) and may
provide restricted access by UEs having an association with the femto cell {e.g., UEs 1n a
ciosed subscriber group (CSG), ULEs for users 1n the home, and the like). An eNB for a macro
ceil may be referred to as a macro ¢eNB. An ¢NB for a small cell may be referred to as a smail

cell eNB, apico eNB, a femto eNB, or a home eNB. An eNB may support one or multiple
(e.g., two, three, four, and the like) cells (e.g., CCs).

[0156] The wireless conmmunications system or systems described herein may support
synchronous or asyachronous operation. FFor synchronous operation, the base stations may
have simular frame finmng, and fransmissions from different base stations may be
approximately aligned 1in fime. For asynchronous operation, the base stations may have
different frame tinmng, and transmissions from different base stations may not be ahgned 1n
fime. the technmiques described heremn may be used for etther synchronous or asynchronous

operaiions.
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[G157] The downlink transmissions described herein may also be called forward hnk
transmissions while the uplink transmissions may also be called reverse link transmissions.
Each communication link described herein—including, for example, wireless
communications system 100 and 200 of I'IGs. 1 and 2-—may 1nclude one or more carriers,

where each carrier may be a signal made up of multiple sub-carriers {e.g., wavetorm signals

of different frequencies).

|01 58] 1The description set forth herein, 1n connection with the appended drawings,
describes example configurations and does not represent all the exampies that may be
implemented or that are within the scope of the claims. The term “exemplary” used herein
means “‘serving as an example, mstance, or illustration,” and not “preferred” or
“advantaceous over other examples.” The detailed description mncludes specific details for the
purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some 1nstances, well-known
structures and devices are shown 1n biock diagram form 1a order to avoid obscuring the

concepts of the described examples.

[0159] In the appended figures, similar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. It just the first reference label 1s used 1n the specification, the description
15 applicable to any one of the stmilar components having the same lirst reference label

irrespective of the second reference label.

[0160] Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, mnstructions, commands,
mformation, signais, bits, symbols, and chips that may be referenced throughout the abave
description may be represented by voltages, currents, electromagnetic waves, magnetic fields

or particles, optical fields or particles, or any combinafion thereof.

[0161] The various 1Hustrative blocks and modules described 1n connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an I'PGA or other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination thereof designed fo perform the
functions described herein. A general-purpose processor may be a mmcroprocessor, buf in the

aiternative, the processor may be any conventional processor, controller, microcontroller, or
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state machine. A processor may also be implemented as a combination of computing devices

(c.g., a combiation of a DSP and a microprocessor, multiple microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such contiguration).

[0162] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented 1n software
executed by a processor, the functions may be stored on or fransmuitted over as one or more
instructions or code on a computer-readable medium. Other exampies and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions described above can be implemented using software executed by a
processor, hardware, irmware, hardwiring, or combinations of any of these. Features
implementing fuactions may aiso be physically located at various positions, including being
disiributed such that portions of functions are implemented at different physical locations.
Also, as used herein, inchuding 1n the claims, “or” as used 1n a hist of 1tems (for example, a list
of 1tems prefaced by a phrase such as “at least one of” or “one or more of”) indicates an

inclusive list such that, for example, a list of af least one of A, B, or C means A or B or C or

AB or AC or BC or ABC (1.e., A and B and C). Also, as used heren, the phrase “based on”

shail not be construed as a reference fo a closed set of conditions. For example, an exemplary
step that 1s described as “based on condifion A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. As used herein, the
phrase “based on” shall be construed in the same manner as the phrase “based at least 1n part

22

OTi.

10163} Computer-readable media includes both non-fransitory computer storage media
and communication media including any medium that facilitates transter of a computer
program trom one place to another. A non-transitory storage medium may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
e¢xample, and not limitafion, non-transitory computer-readable media may mnclude RAM,
ROM, electrically erasable programmable read only memory (EEPROM), compact disk (CD)
ROM or other optical disk storage, magnetic disk storage or other magnetic storage devices,
or any other non-transitory medium that can be used to carry or store desired program code
means 1n the form of instructions or data structures and that can be accessed by a general-
purpose or special-purpose computer, or a general-purpose or special-purpose processor.
Also, any connection 1s properly termed a computer-readable medium. For example, 1f the

software 1s transmitted from a website, server, or other remote source using a coaxial cable,
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fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
imfrared, radio, and microwave, then the coaxial cable, fiber opfic cablie, twisted pair, DSL, or
wireless technologies such as mnfrared, radio, and microwave are included 1n the definition of
medium. Disk and disc, as used herein, include CD, laser disc, optical disc, digital versatile

disc (DVD), tloppy disk and Blu-ray disc where disks usually reproduce data magnetically,

while discs reproduce data optically with lasers. Combinations of the above are also included

within the scope of computer-readable media.

[0164] The description herein 1s provided fo enable a person skilled 1n the art to make or
use the disclosure. Various modifications to the disclosure will be readily apparent to those
skilled 1n the art, and the generic principles defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus, the disclosure 1s not limuted {o the
examples and designs described herein, but 1s to be accorded the broadest scope consistent

with the principles and novel features disclosed heremn.
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CLAIMS
What is claimed is:
1. A method for wireless communication at a user equipment (UE),

comprising:

1dentifying a first feedback resource set and reporting configuration according
to a channel state information (CSI) framework that indicates a plurality of synchronization
signal (SS) blocks of an SS burst transmitted by a base station using a first set of transmission
beams;

performing first channel measurements for the plurality of SS blocks; and

reporting, to the base station, a first resource indicator for at least one of the

plurality of SS blocks based at least in part on the first channel measurements.

2. The method of claim 1, wherein 1dentifying the first feedback resource
set and reporting configuration comprises:
receiving the first feedback resource set and reporting configuration from the

base station.

3. The method of claim 1, wherein reporting comprises:

reporting a channel metric associated with the at least one of the plurality of

SS blocks.

4. The method of claim 1, wherein the reporting occurs periodically,

semi-persistently, or aperiodically as identified by the first reporting configuration.

5. The method of claim 4, wherein reporting aperiodically occurs based at
least 1n part on a trigger, wherein the trigger comprises:
receiving a reporting indicator in a downlink control information message or

1dentifying a triggering event based at least in part on the first channel measurements.

6. The method of claim 1, wherein reporting comprises:

reporting an indicator of an antenna port for at least one of the plurality of SS

blocks.

7. The method of claim 1, further comprising:
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obtaining a second feedback resource set and reporting configuration
according to the CSI framework, wherein the second feedback resource set and reporting
configuration identifies a set of resources associated with a CSI reference signal (CSI-RS)
transmitted by a base station using a second set of transmission beams;

performing second channel measurements for the CSI-RS; and

reporting according to the second reporting configuration, to the base station
based at least in part on the second channel measurements, at least one channel metric for at
least one of the set of resources associated with the CSI-RS and a second resource indicator

of the at least one of the set of resources.

8. The method of claim 1, wherein the plurality of SS blocks comprises a

subset of SS blocks of the SS burst.

9. The method of claim 1, further comprising:
1dentifying a waveform for the plurality of SS blocks for performing the first
channel measurements based at least in part on decoding at least one SS block of the SS

burst.

10. The method of claim 1, wherein the first feedback resource set
configuration comprises a spatial quasi-colocation indicator for at least one of the plurality of
SS blocks, an indicator of resources for the plurality of SS blocks, an indicator of a duration
of the SS burst, an indicator of antenna ports associated with the plurality of SS blocks, an
indicator of a number of SS blocks of the SS burst, an indicator of a channel metric for

reporting for the plurality of SS blocks, or a combination thereof.

11. A method for wireless communication at a base station, comprising:

configuring, for a user equipment (UE), a first feedback resource set and
reporting configuration according to a channel state information (CSI) framework that
indicates a plurality of synchronization signal (SS) blocks of an SS burst transmitted by the
base station using a first set of transmission beams;

recerving, from the UE, a first resource indicator of at least one of the plurality
of SS blocks; and

determining a characteristic of a transmission beam for a data or control

transmission to the UE based at least in part on the first resource indicator.

12. The method of claim 11, wherein receiving comprises:
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recerving a channel metric associated with the at least one of the plurality of

SS blocks.

13. The method of claim 11, wherein receiving comprises:

recerving an indicator of an antenna port for the at least one of the plurality of

SS blocks.

14. The method of claim 11, wherein the first feedback resource set and
reporting configuration comprises an indication for periodic, semi-persistent, or aperiodic
reporting, a spatial quasi-colocation indicator for at least one of the plurality of SS blocks, an
indicator of resources for the plurality of SS blocks, an indicator of a duration of the SS burst,
an 1ndicator of antenna ports associated with the plurality of SS blocks, an indicator of a
number of SS blocks of the SS burst, an indicator of a channel metric for reporting for the

plurality of SS blocks, or a combination thereof.

15. The method of claim 11, wherein the plurality of SS blocks comprises
a subset of SS blocks of the SS burst.

16.  The method of claim 11, further comprising:

configuring, for the UE, a second feedback resource set and reporting
configuration according to the CSI framework, wherein the second feedback resource set and
reporting configuration identifies a set of resources associated with a CSI reference signal
(CSI-RS) transmitted by the base station using a second set of transmission beams; and

recerving, from the UE, at least one channel metric for at least one of the set of
resources associated with the CSI-RS and a second resource indicator of the at least one of
the set of resources, wherein the determining the characteristic of the transmission beam 1s

based at least 1n part on the at least one channel metric.

17. An apparatus for wireless communication at a user equipment (UE),
comprising:

means for identifying a first feedback resource set and reporting configuration
according to a channel state information (CSI) framework that indicates a plurality of
synchronization signal (SS) blocks of an SS burst transmitted by a base station using a first
set of transmission beams;

means for performing first channel measurements for the plurality of SS

blocks; and
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means for reporting, to the base station, a first resource indicator for at least

one of the plurality of SS blocks based at least in part on the first channel measurements.

18. The apparatus of claim 17, wherein the means for identifying the first
feedback resource set and reporting configuration further comprise:
means for receiving the first feedback resource set and reporting configuration

from the base station.

19. The apparatus of claim 17, wherein the means for reporting further
comprise:

means for reporting a channel metric associated with the at least one of the
plurality of SS blocks.

20. The apparatus of claim 17, wherein the reporting occurs periodically,

semi-persistently, or aperiodically as identified by the first reporting configuration.

21. The apparatus of claim 20, wherein the means for reporting
aperiodically occurs based at least in part on a trigger further comprises:

means for receiving a reporting indicator in a downlink control information
message or 1dentifying a triggering event based at least 1n part on the first channel

measurements.

22, The apparatus of claim 17, wherein the means for reporting further
comprise:
means for reporting an indicator of an antenna port for at least one of the

plurality of SS blocks.

23. The apparatus of claim 17, further comprising:

means for obtaining a second feedback resource set and reporting
configuration according to the CSI framework, wherein the second feedback resource set and
reporting configuration 1dentifies a set of resources associated with a CSI reference signal
(CSI-RS) transmitted by a base station using a second set of transmission beams;

means for performing second channel measurements for the CSI-RS; and

means for reporting according to the second reporting configuration, to the

base station based at least in part on the second channel measurements, at least one channel



10

= LN

AN »n B W N

W

O OO0 1 O L B W DN

=~ LN

CA 03054344 2015-08-21

WO 2018/187354 45 PCT/US2018/025931

metric for at least one of the set of resources associated with the CSI-RS and a second

resource 1indicator of the at least one of the set of resources.

24. The apparatus of claim 17, wherein the plurality of SS blocks
comprises a subset of SS blocks of the SS burst.

25. The apparatus of claim 17, further comprising:
means for identifying a waveform for the plurality of SS blocks for performing

the first channel measurements based at least 1n part on decoding at least one SS block of the

SS burst.

26. The apparatus of claim 17, wherein the first feedback resource set
configuration comprises a spatial quasi-colocation indicator for at least one of the plurality of
SS blocks, an indicator of resources for the plurality of SS blocks, an indicator of a duration
of the SS burst, an indicator of antenna ports associated with the plurality of SS blocks, an
indicator of a number of SS blocks of the SS burst, an indicator of a channel metric for

reporting for the plurality of SS blocks, or a combination thereof.

27. An apparatus for wireless communication at a base station, comprising:

means for configuring, for a user equipment (UE), a first feedback resource set
and reporting configuration according to a channel state information (CSI) framework that
indicates a plurality of synchronization signal (SS) blocks of an SS burst transmitted by the
base station using a first set of transmission beams;

means for recetving, from the UE, a first resource indicator of at least one of
the plurality of SS blocks; and

means for determining a characteristic of a transmission beam for a data or

control transmission to the UE based at least in part on the first resource indicator.

28. The apparatus of claim 27, wherein the means for receiving further
comprise:

means for recetving a channel metric associated with the at least one of the
plurality of SS blocks.

29. The apparatus of claim 27, wherein the means for receiving further

comprise:
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means for receiving an indicator of an antenna port for the at least one of the

plurality of SS blocks.

30. The apparatus of claim 27, wherein the first feedback resource set and
reporting configuration comprises an indication for periodic, semi-persistent, or aperiodic
reporting, a spatial quasi-colocation indicator for at least one of the plurality of SS blocks, an
indicator of resources for the plurality of SS blocks, an indicator of a duration of the SS burst,
an indicator of antenna ports associated with the plurality of SS blocks, an indicator of a
number of SS blocks of the SS burst, an indicator of a channel metric for reporting for the

plurality of SS blocks, or a combination thereof.

31. The apparatus of claim 27, wherein the plurality of SS blocks
comprises a subset of SS blocks of the SS burst.

32. The apparatus of claim 27, further comprising:

means for configuring, for the UE, a second feedback resource set and
reporting configuration according to the CSI framework, wherein the second feedback
resource set and reporting configuration identifies a set of resources associated with a CSI
reference signal (CSI-RS) transmitted by the base station using a second set of transmission
beams; and

means for receiving, from the UE, at least one channel metric for at least one
of the set of resources associated with the CSI-RS and a second resource indicator of the at
least one of the set of resources, wherein the determining the characteristic of the

transmission beam 1s based at least 1n part on the at least one channel metric.

33. An apparatus for wireless communication at a user equipment (UE),
comprising:
a Processor,
memory 1n electronic communication with the processor; and
instructions stored 1n the memory and executable by the processor to cause the
apparatus to:
1dentify a first feedback resource set and reporting configuration
according to a channel state information (CSI) framework that indicates a plurality of
synchronization signal (SS) blocks of an SS burst transmitted by a base station using a

first set of transmission beams;
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perform first channel measurements for the plurality of SS blocks; and
report, to the base station, a first resource indicator for at least one of the

plurality of SS blocks based at least in part on the first channel measurements.

34, An apparatus for wireless communication at a base station, comprising:
a Processor,
memory 1n electronic communication with the processor; and
instructions stored 1n the memory and executable by the processor to cause the
apparatus to:
configure, for a user equipment (UE), a first feedback resource set and
reporting configuration according to a channel state information (CSI) framework that
indicates a plurality of synchronization signal (SS) blocks of an SS burst transmitted
by the base station using a first set of transmission beams;
recerve, from the UE, a first resource indicator of at least one of the
plurality of SS blocks; and
determine a characteristic of a transmission beam for a data or control

transmission to the UE based at least in part on the first resource indicator.

35. A non-transitory computer-readable medium storing code for wireless
communication at a user equipment (UE), the code comprising instructions executable by a
processor to:

1dentify a first feedback resource set and reporting configuration according to
a channel state information (CSI) framework that indicates a plurality of synchronization
signal (SS) blocks of an SS burst transmitted by a base station using a first set of transmission
beams;

perform first channel measurements for the plurality of SS blocks; and

report, to the base station, a first resource indicator for at least one of the

plurality of SS blocks based at least in part on the first channel measurements.
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36. A non-transitory computer-readable medium storing code for wireless
communication at a base station, the code comprising instructions executable by a processor
to:

configure, for a user equipment (UE), a first feedback resource set and
reporting configuration according to a channel state information (CSI) framework that
indicates a plurality of synchronization signal (SS) blocks of an SS burst transmitted by the
base station using a first set of transmission beams;

receive, from the UE, a first resource indicator of at least one of the plurality
of SS blocks; and

determine a characteristic of a transmission beam for a data or control

transmission to the UE based at least in part on the first resource indicator.
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