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(57) Abstract: The described techniques relate to improved methods, systems,
devices, or apparatuses that support communication schemes for small cyclic
delay diversity (SCDD) reference signals. A base station may transmit a control
message comprising at least one channel state information (CSI) configuration
parameter to a user equipment (UE). The UE may identity a time offset between
a plurality of virtual antennas of the base station based at least in part on the CSI
configuration parameter. The UE may perform measurements of a plurality of
CSlI reference signals (CSI-RSs) transmitted by the base station and associated
with the virtual antennas. The UE may transmit a feedback message based at
least in part on the determined time offset and the measurements of the CSI-
RSs.
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COMMUNICATION SCHEMES FOR SMALL CYCLIC DELAY DIVERSITY
REFERENCE SIGNALS

CROSS-REFERENCE

[oaa1] This application claims prionty to PCT/CN2017/083185, filed on May 5, 2017,
and entitled "COMMUNICATION SCHEMES FOR SMALL CYCLIC DELAY
DIVERSITY REFERENCE SIGNALS.”

BACKGROUND

{6662] The following relates generally to wireless communication, and more specifically

1o commumication schemes for small cvclic delay diversity (SCDD) reference signals.

[6603] Wireless communications sysiems are widely deployed to provide various types of
commumication content such as voice, video, packet data, messaging, broadcast, and 50 on.
These systems may be capable of supporting commumication with multiple users by sharing
the available system resources {e.g., time, frequency, and power). Examples of such multiple-
access systerns 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) systemn, or a New Radio (NR) system). A wireless nultiple-access
commurications svstem may include a number of base stations or access network nodes, each
simultanecusty supporting communication for multiple communication devices, which may

be otherwise known as user equipment (UE).

[O004] In some wireless commumnication systems, a transmiiting device, such as a base
station, may use SCDD by introducing a delay or a small phase offset in a signal sent using a
second virtual antenna as compared to signal sent using a first virtual antenna. SCDD may
serve to optimize wideband channel estimation and transnussions for high mobility UEs.
However, to achieve accurate channel estimation or spectral efficiency, a UE may perform
calculations that depend on the phase offset. Due to the phase offset vanances in SCDD, CSf

feedback estimation by a UE may be difficult or inaccurate.
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SUMMARY

[O065] The described techniques relate to improved methods, sysiems, devices, or
apparatuses that support commumication schemes for small cyclic delay diversity (SCDD)
reference signals. Generally the described techmiques provide for flexible application of a
time offset indication for derivation of channel state information {CS1). For example, the time
or phase offset may be configured by the network, a user equipment (UE), or a combination
thereof. Further, the techniques may involve configuration of the time or phase offset based
on a class associated with a channel property or a CSI reference signal (CSI-R8} fransmission

and may be used to improve CSI derivation and feedback.

[6006] A method of wireless commumication is described. The method may include
receiving, from a base station, a control message comprising at least one CSI configuration
parameter, identifying, by a UE, a time offset between a plurality of virtual antennas of the
base station based at least in part on the at least one CS1 configuration parameter, performing,
by the UE, measurements of a plurality of CSI-RSs associated with the plurality of virtual
antermas of the base station, and transmutting, {o the base station, a feedback message based

at least in part on the identified ime offset and the measurements of the plurality of CSI-RS8s.

{H867] An apparatus for wireless communication is described. The apparatus may include
means for receiving, from a base station, a conirol message comprising at least one CSH
configuration parameter, means for identifying, bv a UE, a time offset between a plurality of
virtual antennas of the base station based at least in part on the at least one CSI configuration
parameter, means for performing, by the UE, measurements of a plurality of CSI-R8s
associated with the plurality of virtual antennas of the base station, and means for
iransmitting, to the base station, a feedback message based at least m part on the identifiec

time offset and the measurements of the plurality of C5I-RSs.

[6808] Another apparatus for wireless communication is described. The apparatus may
mclude a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The instructions may be operable to cause the processor 1o
eceive, from a base station, a control message comprising at least one CSI configuration
parameter, identify, by a UE, a time offset between a plurality of viriual antennas of the base
station based at least in part on the at least one CS1 configuration parameter, perform, by the

UE, measurements of a plurality of CSI-RSs associated with the phwality of virtual antennas
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of the base station, and transmit, to the base station, a feedback message based at least in part

on the identified time offeet and the measurements of the plurality of CSI-RSs.

{8869 A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medium may include instructions operable
to cause a processor to recetve, from a base station, a control message comprising at least one
CST configuration parameter, identify, by a UE, a time offset between a plurality of virtual
antennas of the base station based at least in part on the at least one €SI configuration
parameter, perform, by the UE, measurements of a plurality of CSI-RSs associated with the
plurality of virtual antennas of the base station, and transmit, to the base station, a feedback
message based at least in part on the identified time offset and the measurements of the

plurality of CSI-RSs.

{0616] In some examples of the method, apparatus, and non-transtiory computer-readable
medium described above, identifying the time offset comprises: calculating the time offset

based at feast i part on the al least one CSI configuration parameter,

[6011] In some examples of the method, apparatus, and non-transitory coraputer-readable
medium described above, transnmutting the feedback message further comprises: fransmitting

an initial co-phase vecior between the plurality of virtual antennas of the base station.

[6812] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifving the time offset comprises: recetving an indication of a
time offset configuration from the base station, the time offset configuration determinad by

one of a core network node or the base station.

[6613] in some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication may be received via DCY or a radio resource control

{RR{C) message.

(6614 Some examples of the method, apparatus, and non-transitory compiter-readable
medium described above may further include processes, features, means, or instructions for
computing ST feedback for at least one CSI-RS based at least in part on the time offset

configuration, wherein the feedback message includes the computed CS1 feedback.

[6615] In some examples of the method, apparatus, and non-transtiory computer-readable
medium described above, the control message comprises DCI from the base station, the DCI

comprising the at least one CST configuration parameter.
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{816] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, a format of the DCI comprises at least one of a special DCT format

or a DCI format for CSI-RS.

{06171 In some examples of the method, apparatus, and non-transtiory computer-readable

medium described above, the BCE may be for the UE or a group of UEs including the UE.

{6618] in some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the control message comprises an RRC message comprising the at

feast one CSI contiguration parameter,

(6619 Some examples of the method, apparatus, and non-transitory compiter-readable
medium described above may further include processes, features, means, or instructions for
determining a fixed value of the time offset for use in performing the measurements, wherein

the feedback message may be based at least in part on the fixed value of the time offset.

166261 In some examples of the method, apparatus, and non-transtiory computer-readable
medium described above, determining the time offset comprises: selecting the time offset
from a set of time offset candidates based at least in part on the measurements of the plurality

of CSI-RBSs.

(6621} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the time offset candidates may be determined based at least in part

on the conirol message.

[6822] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
determining, based at least in part on the time offset, at least one CS81 parameter from a group
consisting of a rank indicator (RI), an intial co-phase indicator, a precoder matrix indicaior
{(PMI), and a channel quality indicator (CQI), wherein the deternuned at least one CSI

parameter may be included in the feedback message.

[6823] Some examples of the method, apparatus, and non-transitory compuer-readable
medium described above may further imclude processes, {eatures, means, or instructions for
selecting, based on a determination that the time offset equals 0 or a determamation that a
selected 81 resource corresponds 1o the time offset equal to 0, a closad loop transmission

scheme procedure for transmitting the feedback message.



WO 2018/201639 PCT/CN2017/097074

5

{6024 A method of wireless commumication is described. The method may include
receiving a first CSI-RS of a plurality of CSI-RSs over a first set of resources corresponding
to a first bearn and a first delay offset, deternuning a first CSI parameter based at least in part
on the first CSI-RS, and transnutting, to the base station, a feedback message based at least in

part on the determined first CSI parameter.

[6625] An apparatus for wireless communication is described. The apparatus may include
means for receiving a first CSI-RS of a plurality of CSI-RSs over a first set of resources
corresponding to a first beam and a first delay offset, means for determining a first CSI

g 10 the base

o0

parameter based at least in part on the first C51-RS, and means for transmitiin

station, a feedback message based at least in part on the determined first CSI parameter.

[04626] Another apparatus for wireless communication 1s described. The apparatus may
mclude a processor, memory in electronic communication with the processor, and
imstructions stored in the memory. The instructions mav be operable to cause the processor (o
receive a first CSI-RS of a plurality of CSI-RSs over a first set of resources corresponding to
a first beam and a first delay offset, determine a first CS1 parameter based at least in part on
the first CSI-RS, and transmit, to the base station, a feedback message based at least m part

on the determined first CSI parameter,

(64271 A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medium may include instructions operable
1o cause a processor to receive a first CSI-RS of a plurality of CSI-RSs over a first set of
resources corresponding 1o a first beam and a first delay offset, determine a first CS1
parameter based at least in part on the first CSI-RS, and transmit, to the base station, a

feedback message based at least in part on the determined first CS1 parameter.

[6628] Some examples of the method, apparatus, and non-transitory compiter-readable
medium described above may further include processes, features, means, or instructions for
receiving a second CSI-RS of the plurality of CSI-RSs over a second set of resources
corresponding to a second beam and a second delay offset. Some examples of the method,
apparatus, and non-transitory computer-readable medium described above may further
mclude processes, features, means, or insiructions for delernuning a second CST parameier
based at least in part on the second CSI-RS. Some exaraples of the method, apparatus, and

non-transitory computer-readable medium described above may further include processes,
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features, means, or instructions for transmitting, 1o the base station, the feedback message

based at least in part on the determined the second CST parameter.

[0829] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the feedback message comprises at least one of a CS{ Resource

Indicator (CRI}, an Ri, a PMI, an initial co-phase indicator, a T, or a combination thereof.

{6636] Some examples of the method, apparaius, and non-transitory computer-readable
medium described above may further include processes, features, means, or insiructions for

selecting a closed loop fransnission scheme procedure for transmitting the feedback message.

[0831] A method of wireless commmunication is described. The method may include
transmitting, by a base station, a control message comprising at least one CS1 configuration
parameter and a request (o report a time offset between a plurality of virtual antennas of the
base station and measurements of a plurality of CS1-RS8¢ associated with the plurality of
virtual antennas of the base station and receiving, from a UE and in response to the request, a
feedback message based at least in part on the time offset and the measurements of the

plurality of CSI-RSs.

[0632] An apparatus for wireless cornmunication 15 described. The apparatus may include
means for transmitting, by a base station, a conirol message comprising at least one CSi
configuration parameter and a request (o report a time offset between a plurality of virtual
antennas of the base station and measurements of a plurality of CSI-RSs associated with the
plurality of virtual antennas of the base station and means for receiving, from a UF and in
response 1o the request, a feedback message based at least in pait on the time offset and the

measurernents of the plurality of CSI-RSs.

[6633] Another apparatus {or wireless communication 15 described. The apparatus may
mclude a processor, memory in electronic comnurication with the processor, and
mnstructions stored in the memory. The instructions may be operable {o cause the processor to
transmiit, by a base station, a conirol message comprising at least one CSY configuration
pararoeter and a request to report a time offset between a plurality of virtual antennas of the
base station and measurements of a plurality of CSI-RSs associated with the plurality of
virtual antennas of the base siation and receive, from a UE and in response io the request, a
feedback message based at teast in part on the time offset and the measurements of the

plurality of CSI-RSs.
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{834] A non-transitory computer readable medium for wireless communication 1s
described. The non-transitory computer-readable medium may include instructions operable
to cause a processor to transmit, by a base station, a control message comprising at least one
CS1 configuration parameter and a request to report a time offset between a plurality of
virtual antennas of the base siation and measurements of a plurality of CSI-RSs associated
with the plurality of virtual antennas of the base station and receive, froma UE and in
response to the request, a feedback message based at least in part on the time offset and the

measurements of the plurality of CSI-RSs.

[835] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, {eatures, means, or instructions for
transmutting, to the UE, an indication of a time offset configuration, the time offset

configuration determined by one of a core network node or the base station.

{6636] in some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the indication may be transmitted via DCL, an RRC message, or

within the control message.

{0837] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the feedback message includes CS1 feedback for at least one CS1-

RS of the plurality of C8I-RSs based at teast in part on the time offset configuration.

[3838] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
configuring a set of time offset candidates for the UE, wherein the control message includes

the set of ttime offset candidates.

16639] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
receiving, from the UE, a UE time offset and at least one CSI parameter based at east in part
on the UE time offset, wherein the at least one CSI parameter may be included in the

feedback message.

(G044 Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
receiving, from the UE, at least one CS1 parameter based af least in pait on a fixed time

offset, wherein the at least one CSI parameter may be included in the feedback message.
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[6041] A method of wireless commumication is described. The method may include
transmitting, to a UE, a first C5I-RS of a plurality of CSI-RSs over a first set of resources
corresponding to a first beam and a first delay offset and receiving, from the UE, a feedback
message that includes a first CSI parameter, wherein the first CS1 parameter is based at least

in part on the first CSI-RS.

[6642] An apparatus for wireless communication is described. The apparatus may include
means for transnutiing, 1o a UE, a first CSI-RS of a plurality of CSI-RSs over a first set of
resources corresponding to a first beam and a first delay offset and means for receiving, from
the UE, a feedback message that inciudes a first 51 parameter, wherein the first C81

parameter is based at teast in part on the first CSI-RS.

[0843] Another apparatus for wireless communication 1s described. The apparatus may
mclude a processor, memory in electronic communication with the processor, and
imstructions stored in the memory. The instructions mav be operable to cause the processor (o
fransmit, o a UE, a frst CST-RS of a plurality of CSE-RSs over a {irst set of resources
corresponding to a first beam and a first delay offset and receive, from the UE, a feedback
message that includes a first CS1 parameter, wherein the first CSI parameter is based at least

m part on the first CSE-RS.

[8644] A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable medium may include instructions operable
to cause a processor to transmit, to a UE, a first CSI-RS of a plurality of CSI-RSs over a first
set of resources corresponding to a first beam and a first delay offset and receive, from the
UE, afeedback message that includes a first CSI parameter, wherein the first CST parameter

is based at least in part on the first CSI-RS.

[3845] Some examples of the method, apparatus, and non-transitory compiter-readable
medium described above may further include processes, features, means, or instructions for
transmitiing, to the UE, a second CSE-RS of the plurality of CSI-RSs over a second set of

resources corresponding to a second beam and a second delay offset, wherein the feedback

message includes a second CSI parameter based at least in part on the second CSI-RS.
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BRIEF DESCRIPTION OF THE DRAWINGS

[46] FIG. 1 iBustraies an example of a wireless communications system that supports
communication schemes for small cyclic delay diversity (SCDD) reference signals in

accordance with aspects of the present disclosure.

{06471 Fi(s. 2 illustrates an example of a wireless commumications system that supporis
comimunication schemes for SCDD reference signals in accordance with aspects of the

present disclosure.

[0048] FiGs. 3 through 7 illustrate example process flows that support coramunication

schemes for SCDD reference signals in accordance with aspects of the present disclosure,

{6849] FiGs. 8 through 10 show block diagrams of a device that supports communication

schemes for SCDD reference signals in accordance with aspects of the present disclosure.

HEH FIG. 11 illustrates a block diagram of a system inchuding a UE that supports
conmruunication schemes for SCDD reference signals in accordance with aspects of the

present disclosure.

(6651} FiGs. 12 through 14 show biock diagrams of & device that supports
commurication schemes for SCDD reference signals in accordance with aspects of the

present disclosure,

[6852] FiG. 15 illustrates a block diagram of a system including a base station that
supports communication schemes for SCDD reference signals i accordance with aspects of

the present disclosure.

(66531 FiGs. 16 through 19 iltustrate methods for communication schemes for SCDD

reference signals 1n accordance with aspects of the present disclosure.

DETAHED DESCRIPTION

[6054] Because of the lossy channels in wireless communication systems, a transmitting
device, such as a base siation, may employ small cyclic delay diversity (SCDBD) to mitigate
path loss. SCDD mtroduces a time offset between a first signal transmitted by a first virtual
anterma and a second signal transmoitted by a second virtual antenna. In some cases, the time
offset may be denoted by 7, and the virtual antennas may each be beamformed transmissions

performed by one or more physical antennas. Further, the beamformed transmissions may be
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formed by more than two virteal antennas, each of which may be associated with an
mndividual virteal antennaindex (e.g.. 0, 1, 2, 3, . . . 3 Tn such instances, SCDD may introduce
a first ime offset (e.g., 7o) between a first signal transmutted by the first virtual antenna
{virtual antenna index 0) and a second signal transmitied by the second virtual antenna
(virtual antenna index 1), a second offset {e.g., 71} between the second signal transmitted by
the second virtual antenna (virtual antenna index 1) and a third signal transmitted by the third
virtual antenna (virtual antenna index 2), and so on. In some cases, the multiple time offsets
{e.g.. 7o, 71, . . . } introduced between the virtnal antennas mav be the same or different. In
some systerns, increasing the nuraber of antennas at a base station may be less complex than
at a user equipment (UE) {e.g.. due to size and power constrainis}. In such instances, when a
base station supports more physical anfennas than a UE, the base station may map a relatively
targe nuraber of physical antennas to a smaller number of virtual antennas and may utihize

SCDD dunng transmussion of one or more signals to the UE.

[0655] The time offset introduced by SCDD may result in a phase offset in frequency
tones. To accurately derive a Channel Quality Indicator {C31), it may be beneficial for a UE
1o be aware of the phase offset. Further, the phase offset may be flexibly chosen (e.g., by the
hase station) based at least in part on a transmission configuration or may be adjusted based
on channel conditions, UE capabilities, etc. In some examples, it may be desirable to align
the Channel State Information {C81) feedback mechanism for SCBD with the €SI feedback
designed for transmission as closely as possible so the UE may determine the time offset
between multiple virtual antennas of the base station. The time offset mav be mdicated to the
UE from a base station or other network node or the UE may calculate the time offset based
on a control message received from the base station. The UE may also perform measurements
of multiple CST reference signals (RSs) transmitted from the base station. Using the
determined time offset along with the measurements, the UE may tfransmit a feedback

message 1o the base station.

[0056] Aspects of the disclosure are initially described in the context of a wireless
comumunications system. Aspects are then described with respect to process flows. Aspects of
the disclosure are further illustrated by and described with reference to apparatus diagrams,

system diagrams, and flowcharts that relate to €81 feedback designs for SCRD.

{8657 FIG. 1 illustrates an example of a wireless communications system 100 in

accordance with various aspects of the present disclosure. The wireless communications
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system 100 includes base stations 105, UEs 115, and a core network 130. In some examples,
the wireless coromumications system 100 may be a Long Term Evolution (LTE) network,
LTE-Advanced (LTE-A) network, or a New Radio (NR) network. In some cases, wireless
comumunications system 100 may support enhanced broadband communications, ulira-
reliable {i.e., mission critical} communications, fow latency communications, and
communications with low-~cost and low-complexity devices. In the wireless cornmumnications
system 100, a base station 105 may employ SCPD which may involve introducing a time or
phase offset between RSs transmitted using multiple antenna ports of the base station 105. A
UE 115 may recetve the RSs and perform measurements of the RSs o provide feedback to
the base station 103, In some instances, the UE 115 may determine or receive an indication of
the time offset (e g., from base station 105}, which may be used to deternyine one or more
CS1 parameters. The one or more C5I parameters may be transmitted in the feadback

message to the UE 115

[0058] 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
respective geographic coverage area 110, Communication links 125 shown in wireless
communications system 100 may include uplink transmissions from a UE 115 {0 a base
station 103, or downlink transnmssions, from a base station 105 to a UE 115. Control
information and data may be multiplexed on an uplink channel or downlink according to
various techniques. Control information and data may be multiplexed on a downlink channel,
for exarople, using time division multiplexing (TDM) techuiques, frequency division
multiplexing (FDM]} techniques, or hybrid TDM-FDM techniques. In some examples, the
control information transmitied during a transmission time interval (TTH) of a downlink
charmel may be distributed between different control regions in a cascaded manner {e.g.,

between a common controd region and one or more UE-specific control regions).

{0659 UEs 115 may be dispersed throughout the wireless commumications system 100,
and each UE 115 may be stationary or mobile. A UE 115 may also be referred to as a mobile
station, a subscriber station, a mobile umit, 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 station, an access terminal. a mobile terminal, a wireless terminal, a remote
terminal, a handset, a user agent, a mobile client, a client, or some other suitable terminology.
A UE 115 may also be a cellular phone, a personal digital assistant (PDA), a wireless

modem, a wireless communication device, a handheld device, a tablet computer, a laptop
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computer, a cordless phone, a personal electronic device, a handheld device, a personal
computer, a wireless tocal loop (WLL) station, an Internet of Things (IoT) device, an Intemet
of Everything (IoE) device, a machine type comymunication (MTC) device, an appliance, an

automobile, or the like.

[6660] in some cases, a UE 115 may also be able to communicate directly with other UEs
{e.g., using a peer-to~-peer (P2P) or device-to-device (D2D) protocol). One or more of a group
of UEs 115 utilizing D2D communications may be within the geographic coverage area 110
of a cell. Other UEs 115 in such a group may be outside the geographic coverage area 110 of
a cell, or otherwise unable to receive transmissions from a base station 105, In some cases,
groups of UEs 115 communicating via D2D communications may utilize a one-to-many
(1:M) system in which each UE 115 transmits to every other UE 115 in the group. In some
cases, a base station 105 facilitates the scheduling of resources for D2D communications. In

other cases, D2D commumications are carried out independent of a base station 103,

[0861] Some UEks 115, such as MTC or IoT devices, may be low cost or low complexity
devices, and may provide for automated communication hetween machines, i.e., Machine-to-
Machine (M2M) communication. M2M or MTC may refer 1o data comnmmnication
techniologies that allow devices to commumicate with one another or a base station without
human intervention. For example, M2M or MTC may refer to communications from devices
that integrate sensors or meters to 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 collect information or enable automated behavior of machines. Exaroples of
applications for MTC devices include smait metering, inventory monttoring, water level
monitoring, equipment monitoring, healthcare monitoring, wildlife monitoring, weather and
geological event monitoring, fleet management and tracking, remote securily sensing,

physical access control, and transaction-based business charging.

{0662] In some cases, an MTC device may operate using half-duplex {one-way)
communications at a reduced peak rate. MTC devices may also be configured 1o enter a
power saving “deep sleep” mode when not engaging in active communications. In some
cases, MTC or IoT devices may be designed to support nussion critical functions and
wireless communications system may be configured to provide ultra-reliable communications

for these functions.
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[0063] Base stations 105 may communicate with the core network 130 and with one
another. For example, base stations 105 may interface with the core network 130 through
backhaul links 132 (e.g., 81, etc.). Base stations 105 may communicate with one another over
backhaul links 134 {e.g , X2, etc.} either 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 examples, base stations 105 may be macro cells, smali cells, hot spots, or the like. Base

stations 105 may also be referred 1o as evolved NodeBs (eNBs) 103,

[64] A base station 105 may be connected by an S1 interface (o the core network 130,
The core network may be an evolved packet core (EPC), which may include at least one
mobility management entity (MME), at least one serving gateway (5-GW), and at least one
Packet Drata Network (PDN) gateway {(P-GW). The MME may be the control node that
processes the signaling between the UE 115 and the EPC. All user Internet Protocol (IP)
packets may be transferred through the S-GW, which itself may be connected to the P-GW.
The P-GW may provide IP address aliocation as well as other functions. The P-GW may be
connected to the network operators IP services. The operators IP services may include the
Internet, the Intranet, an 1P Multimedia Subsystem (IMS), and a Packet-Switched (PS)

Streaming Service.

{0665] Wireless communications system 100 may operate in an ultra-high frequency
{UHF} frequency region using frequency bands from 700 MHz to 2600 MHz (2.6 GHz),
although some networks {e.g., a wireless local area network (WLAN}Y) may use frequencies
as high as 4 GHz. This region may also be known as the decimeter band, since the
wavelengths range from approximately one decimeter to one meter in length. UHF waves
may propagate mainly by line of sight, and may be blocked by buildings and environmental
teatures. However, the waves may penetrate walls sufficiently to provide service to UEs 115
located indoors. Transnussion of UHF waves is characterized by smaller antennas and shorter
range (e.g., less than 100 km) compared to transmission using the smaller frequencies {and
tonger waves) of the high frequency (HF) or very high frequency (VHF) portion of the
spectrum. [n some cases, wireless communications svstem 100 may also utilize extrerely
high frequency (EHF) portions of the spectrum (e.g., from 30 GHz to 300 GHz). This region
may aiso be known as the millimeter band, since the wavelengths range from approximately
one rmullimeter to one centimeter in length. Thus, EHF antennas may be even smaller and

more closely spaced than UHF antennas. In some cases, this may facilitate use of antenna
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arrays within a UE 115 (e.g., for directional beamforming). However, EHF transmisstons
may be subject {0 even greater almospheric atienuation and shorter range than UHF

ransmissions.

{0666] Thus, wireless communications system 100 may support miilimeter wave {mmW)
communications between UEs 115 and base stations 105. Devices operating in mmW or EHF
bands may have multiple antennas to allow beamforming. That s, a base station 105 may use
multiple anternas or antenna arrays to conduct beamforming operations for directional
comnmumications with a UE 115. Beamforming {which may also be referred to as spatial
filtering or directional transmission) is a signal processing technique that may be used at a
transmitter (e.g., a base station 105} (o shape and/or steer an overall anterma beam m the
direction of a target receiver (e.g., a UE 115). This may be achieved by combining elements
in an antenna array in such a way that transmitted signals at particular angles experience

constructive interference while others experience destructive interference,

[66867] Multiple-inputl multiple-output (MIMO) wireless systems use a transmission
scheme between a transmitter {e.g., a base station 105) and a receiver {e.g., a UE 1135}, where
both transmitter and receiver are equipped with multiple antennas. Some portions of wireless
comumunications system 100 may use beamforming. For example, base station 105 may have
an antenna array with a number of rows and colurons of antenna ports that the base station
105 may use for beamforming in ifs commumnication with UE 115, Signals may be transmutted
multiple times in different directions {e.g., each transmission may be beamformed
differentlv}. A mamW recetver {e.g., a UE 115) may trv multiple beams {e.g., anienna

subarrays) while receiving the synchronization signals.

{0068] 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 antennas or antenna arrays may be collocated at an antenna assembly, such
as an antenma tower. In soroe cases, antennas or antenna arrays associated with a base station
105 may be located in diverse geographic locations. A base station 105 may multiple use
antennas or antenna arrays to conduct beamforming operations for directional

communications with a UE 113,

[6069] 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 IP-based. A Radio



WO 2018/201639 PCT/CN2017/097074

[
W

Link Control (RLC) laver may in some cases perform packet segmentation and reassembly 1o
communicate over logical channels. A Medium Access Control (MAC) layer may perform
priority handling and multiplexing of logical channels into transport channels. The MAC
layer may also use Hybrid ARQ (HARQ) to provide retransnussion at the MAC layer to
improve link efficiency. In the control plane, the Radio Resource Control (RRC) protocol
layer may provide establishment, configuration, and mamntenance of an RRC connection
between a UE 115 and a network device such as a base station 105 or core network 130
supporting radio bearers for user plane data. At the Physical (PHY } layer, transport channeis

may be mapped to physical channels.

{88781 In some cases, wireless communications sysiem 100 may utilize enhanced
component carriers (eCCs). An eCC may be characterized by one or more features mcluding:
wider bandwidth, shorter symbol duration, shorter TT1s, and modified control channel
configuration. Tn some cases, an eCC may be associated with a carrier aggregation
configuration or a dual connectivity configuration {e.g.. when multiple serving cells have a
suboptimal or non-ideal backhaul link). An eCC may also be configured for use in unlicensed
specinmm or shared spectrum (where more than one operator is allowed 1o use the spectrum}.
An eCC characterized by wide bandwidth mav include one or more segments that may be
utilized by UEs 115 that are not capable of monitoring the whole bandwidth or prefertouse a

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

{6671] in some cases, 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 shorier symbol duration is associated with increased subcarrier spacing. A
device, such as a UE 115 or base station 105, utilizing eCCs may transmut wideband signals
{e.g., 20, 40, 60, 80 MHz, etc.) at reduced svmbol durations (e.g., 16.67 microseconds}). A
TTT in eCC may consist of one or multiple symbols. In some cases, the TTY duration (that is,

the number of symbols in a TTH roay be variable.

{06721 A shared radio frequency spectrum band may be utilized in an NR shared
spectrum system. For exampie, an NR shared spectrum may utilize any combination of
licensed, shared, and unlicensed spectrums, among others. The flexibility of eCC symbol
duration and subcarrier spacing may allow for the use of eCC across multiple spectrums. In

some examples, NR shared specirum may increase spectrum utilization and speciral
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efficiency, specifically through dynamic vertical {e.g.. across frequency) and horizontal (e.g.,

across time) sharing of resources.

{8873 In some cases, wireless communications system 100 may uiilize both licensed and
unlicensed radio frequency spectrum bands. For example, wireless communications system
100 may emplov LTE License Assisted Access (LTE-LAA) or LTE Unlicensed (LTE U}
radio access technology or NR technology in an unlicensed band such as the 5 GH»
Industnal, Scientific, and Medical (ISM) band. When operating in 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 is clear before transmitting data. In some
cases, operations in unlicensed bands may be based on a CA configuration in conjunction
with CCs operating in a licensed band. Operations in unlicensed spectrum may include
downlink transmissions, uplink transmissions, or both. Duplexing in unlicensed spectrum
may be based on frequency division duplexing (FDD), time division duplexing {(TDD)or a

combination of both.

{0074] FI(. 2 illustrates an example of a wireless commumnications system 200 that
supports comimnunication schemes for SCDD reference signals in accordance with various
aspects of the present disclosure. In some examples, wireless communications sysiem 200
may implersent aspects of wireless communications sysiem 100. The wireless
communications system 200 may include a UE 115-a and a base station 105-a, which may be
examples of the UE 115 and base station 105 described with reference to FIG. 1. Base station
105-a may transmut one or more signals through one or more virtual antennas to UE 115-a
within geographic coverage area 110-a In some cases, wireless comumunications systern 200

may deploy MIMO technology.

[O875] In some cases, because of the lossy channels in wireless communication systems,
base station 105-a may emplov SCDD (o optimize path loss and enable wideband channel
estimation to accurately estimate channel quality. Path loss may be introduced due to
comimunication with a high mobility UE 115-a. The SCDD introduces a time offset, 1,
between a first signal transmitted by a first virtual antenna (antenna Q) and a second signal
transmitied by a second virtual antenna (antenna 1). In some cases, signals fransmitted
through the one or more virtual aniennas may follow different paths 205 (e.g.. path 205-a,
and path 205-b) and the tume offset introduced by SCDD may result in phase offset in

frequency tones. According to some aspects, the phase change in a tone “k” may be based at
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teast in part on: the tone “k’, 7, and the subcarrier spacing {Af). For example, the phase

change in tone 'k’ may be:
kAD, where: AG=2 = g x 1 < Af
[0876] The transmitted signal in tone k may be denoted by:

B 0

x{(k) = [G b

]xu(k)xb'xsk

{88771 where:

1 0

Dk} = {O exp(iykﬁg)

} and U = {%}

[0878] In a first scheme, the SCDD deploved may be based on Pre-coding Matnix
Indicator (PMI) feedback . In such a scheme, the transmission scheme may be designed as
described below. H should be noted, however, that other implemeniations of the transmission

scheme may be considered without departing from the scope of the present disclosure.

[0679] In some cases, the layer {e.g., upper layers such as MAC, Network, Transport,
etc.} to virtual antenna mapping matrix (denoted by U) may be formed by an initial phase
‘B, . Further, the final phase applied in each tone may be jointly determined by D(k) and U.
As previously described, the matrix D(k) may comprise an mdication of the phase offset for
the second virtual antenna {(antenna 1) as compared to the first virtual antenna {antenna 0}. In
some cases, {J or 8;,,; may be deternuined based on UE subband feedback. For example, for
dual-stage codebook, there may be 4 phase value candidates indicated by the UE subband

feedback, by 12 as follows:

HASARHA

{6686] in some other cases, the phase value may have 8 candidates. These in tum may be
1

denoted by: [exp ( _,_5 )

} wheren=0,1,2, ... 7 Insome cases, ‘LI" may be deternunec

based on channel reciprocity and D{k) may be determined based at least in part on UE
eedback, which may include a CS1 resource (CRI) or a guantization of the time offset T (2.g.,

G, 0.2, 0.4, 0.8 microseconds). Further, in some instances, the base station 105-a may be

configured to determine or select D(k) and U (e.g., based on an indication {rom an upper

layer node or from UE feedback).
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[0081] In some cases, the base station 105-a may determine a classification {e.g., class A,
class B, hybrid, eic.) for transmission of one or more CSI-RS as well as a set of resources {0
be used for transmission of the CSI-RS. In some examples, the classification may be used to
deternmine the set of resources for transmission of the CSI-RS {e.g, to the UE 115-a}). The
base station 105-a may also determine one or more precoders, which may differ between

antenna ports of the base station.

[0082] In some examples, the base station 105-a mav determane a feedback type for the
UE 115-a, which may include and a list of parameters for the UE 115-a to consider when
providing feedback. For instance, the base station 103-a (o1 other network node) may
configure the UE 115-a to provide feedback for one or more of: CRI, Rank Indicator (RI},
PMI, COL, etc. In some cases, the base station 105-a may deternmine the time offset
contfiguration applied during 5CDD, as well as a closed-loop or semi open-loop swiiching
mode. The closed-toop mode may request that the UE 113-a expliciily provide feedback
information about the channel in order to assist the base station 105-a1n choosing a
transmission scheme for the nultiple antennas. In other cases, an open or semi-open loop

mode may not involve an explicit channel feedback from the UE 115-a.

{88831 In some examples, the base station 105-a may indicate mformation pertaining (o
the CSI-RS class and resources, feedback tvpe and content, timning offset configuration
applied in SCDD, closed or semi-open loop switching mode, or any other USI-RS
configuration related information to the UE 115-a dynamically {e.g., via Downlink Control
Information (DCH) or semi-statically {e.g., via Radio Resource Configuration (RRC)). In
some cases, the base station 105-a may modity the DCY by embedding the time offset in a

DCI format for CSI-RS or may use a DCI format designed to indicate the time offset.

160841 Following defermination of a CSI-RS configuration, the base station 105-a may
then proceed {o transmit the CSI-RS signals according to the configuration. In some cases,
the UE 115-a mav receive the one or more CSI-RS signals and may subsequently proceed to
measure the channel. Based on the measurement and the time offset, the UE 115-a may
derive one or more CSI parameters and may determine the selected time offset {e.g., zero or
non-zere) for SCDD.

[6085] According fo various aspects, the time offset indication for CSI derivation may be
network configured, UE configured, or a combination. In some cases, the time offset

mndication for C51 derivation may be configured by the base station 105-a wiih class A C5I-
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RS. In some examples, for a Class A US1 reporting class, the UE 115-a may report US1
according to a codebook based on CSI-RS ports. For mstance, the codebook may be known
to the UE 115-a or the UE 115-a may be nformed of which codebook o use {(e.g., via
signaling such as RRC signaling). In some instances, for CS1 reporting class A, each of the
one or more antenna elements of the base station 105-a may transmit a unique CSI-RS per
polarization. Also for class A CS1 reporting, the base station 105-a may configure the tiroe
offset based on a channel property, such as delay spread. The delay spread may arise due to
the muitipath nature of a communication channel. For example, there may be an arrival time
difference between the line-of-sight (LOS) component of a channel arriving at the UE 115-a,
and the nultipath coroponent (e g., after reflecting off buildings) of the channel. In some
cases, the base station 105-a may indicate to the UE 115-a the time offset together with the
CS1-RS configuration signaling. As previously described, the base station 105-a may provide
an indication of the information pertaining to the CSI-RS class and resources, and timing
offset configuration dynamically {(e.g., via DCY) or semi-siatistically {e g, via RR(C).
Following recetving an indication of the timing offset and the CSI-RS configuration signaling
from the base station 105-a, the UE 115-a may proceed to compute one or more of: RI, PMJ,
CG, ete. In some cases, a tining offset (or 1)=0 may 1mply a CS1 derivation for a closed-

loop transmussion scheme.

{0086] In another example of network configured time offset indication for €81, the time
offset indication for CSI derivation may be configured by the network with K=1 Class B or
hybrid CSI-RS. In some examples, for a class B or hybrid CSI reporting class, the UE 115-a
may report on multiple beam-formed CSI reference signals. In some cases, one or more CS1-
RS resources may be configured in the UE 115-a, where each CSI-RS resource may consist
of one or more antenma ports per beam. In some examples of a network configured time
offset for class B or hybrid CSI reporting, the base station 105-a may configure a CSI-RS
resource (K = 1}, and a time offset. Further, in such cases, the precoder of CS1-RS may be
formed by a beam and the configured delay offset. Following receiving the CSI-RS from the
base station 105-a, the UE 115-a may proceed {o compute and report RI, PME, and CQIL In
some cases, the UE 115-a may not need to know the value of the delay offset, by virtue of the
CSI-RS precoder being formed by a beam and the delay offset. In some cases, a timing offset

{or 1)=0 may umply a CSI derivation for a closed-loop transmission scheme.

{0087 In another example of time offset indication for CSI, a fixed time offset may be

used with class A CSI-RS reporting. For example, a fixed time offset known 1o both the UE
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115-a and the network or base station 103-a, or explicitly specified in the specification may

be emploved for deriving RI, PMI, and CQL

{8888} In an example of UFE selected or configured time offset indication with class A
CSI-RS reporting, UE 115-a may select an optimum time offset from a set of timing offset
candidates. For example, the candidates {e.g., O us. 0.2 us, 0.4 us, 0.8 us, etc.) may be fixed
and explicitly specified to the UE 115-a. Further, in some cases, the UE 115-a may merely
select from a set of candidates dvnamically (DCI) or semi-statistically (RRC) configured by
the network. Following receiving the CSI-RS from the network, the UE 115-a may proceed to
derive the RI, PMI, and COI, which mav be dependent on the time offset previously chosen.
The UE 115-a may then report the R, PMI, and CQI to the base station 105-a. In some cases,

a timng offset (or 1)=0 roay imply a CSI denvation for a closed-loop transnussion scheme.

{0089 In another example of UE selected or configured time offset indication, the UE
115-a may witlize class B or hybrid USI-RS reporting. In some cases, the network may
configure two or more CST-RS resources (K > 1) for CS1 reporting. In such cases, the
precoder of CSI-RS in each resource may be formed by a beam and a chosen delay offset
from a set of candidates {e.g.., O us, 0.2 us, 0.4 us, 0.8 us, etc) In some cases, each of the
CSI-RS resources may be denoted or identified by a CSI-RS resource index {CRI}. In some
cases, the UE 115-a may report CRI, RI, PMI, and CQI associated with the CRI following
eceiving the CSI-RS from the network. In some cases, a timing offset {or 1/=0 may imply a

~81 derivation for a closed-loop {ransmission scheme

{88981 in some cases, the UE 115-a may employ inner PMI {i.e, 12} as the initial phase
when dertving CQL In such cases, the reported 12 may be based at least in part on, or
dependent on the time offset selected. Further, a zero time offset may imply a CS1 report for a
closed-loop transmission mode. In some cases, the reported 12 may be wideband, partial

band, or subband specific.

{6891} FIG. 3 llusiraies an example of a process flow 300 that supports communication
schemes for SCDD reference signals in accordance with various aspects of the present
discloswre. In some examples, process flow 300 may implement aspects of wireless
communications svstems 100 or 200, as described with reference to FIGs. 1 and 2. UE 115-b
and base station 105-b may he examples of the corresponding devices described above with
reference to FiGs. 1 and 2. Process flow 300 may be an example of a network configured

time offset indication for CS1 using non-precoded USI-RS {e.g., Class A USI-RS).
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{6892] At 305, the UE 115-b may receive a control message from base station 105-b. In
some cases, the control message may comprise a DCY or RRC message. In some examples,

the DCY or RRC message may include at least one CS1 configuration parameter.

{6693 At 310, the UE 115-b may identify a time offset between two or more virtual
antennas of the base station. In some cases, the time offset may be identified based at least in
part on the at least one €SI configuration parameter {e.g., as indicated by or included in the

control message).

[0094] At 315, the UE 115-b may receive a first non-precoded CSI-RS of a plurality of
CSI-R8s over a first set of resources associated with a first CSI configuration parameter. In
some cases, the UE 115-b may also receive a second non-precoded CSI-RS of the plurality of
CSI-RSs over a second set of resources associated with a second CSI configuration
parameter. The first and second non-precoded C81-R8s may be transmitted by the base

station 105-b according to the at least one CSI configuration parameter.

[6695] A1 320, the UE 115-b may perform CSI-RS measurements on at least one CSI-RS
{e.g.. the first CSI-RS, the second CSI-RS) of the plurality of CSI-RSs. In some examples,

the UE 115-b may perform measurements on each of the plurality of CSI-RSs.

160961 At 325, the UE 115-b may determine the at least one {S1 parameter such as R,
PMI, COI, etc. In some cases, the UE 115-b may determine R, PMI, and/or CQI based on
the time offset determined at 310. Further, in some examples, the at least one CSI parameter
may be based at least in part on the first non-precoded CSI-RS or the second non-precoded

CSE-RS received from the base station 105-b (e g.. as received in 315).

(66971 At 330, the UE 115-b may transmit a feedback message 1o the base station 105-b.
The feedback message may be based at least in part on the time offset (e.g., as identified at
310) or the CSI-RS measurements {e.g. as performed at 320). In some cases, the UE 115-b
may select a closed loop transmission scheme procedure for transmitting the feedback
message 1o the base station 105-b (e.g., based on a deternunation that the time offset equals
0). Further, n some exaraples, the feedback message may include the at least one CS1

parameter, such as RI, PMI, CQL, etc., as determined in 325

[6095] FiG. 4 illustrates an example of a process flow 400 that supports communication
schemes for SCDD reference signals in accordance with various aspects of the present

disclosure. In some examples, process flow 400 may implement aspects of wireless
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communications systems 100 or 200 as described with reference to FIGs. 1 and 2. UE 115-¢
and base station 1(5-c may be examples of the corresponding devices described above with
reference to F1Gs. 1 and 2. Process flow 400 may be an exarple of a network configured

time offset indication for CS1 using precoded CSI-RS (e g, Class B CSI-R8).

(6699 At 405, the UE 115-¢c may receive a control message from base station 105-¢. In
some cases, the control message may comprise a DCY or RRC message. In some examples,

the DCI or RRC message may include at least one CSI configuration parameter.

{01067 At 410, the UE 115-¢ may identify a CSI-RS configuration. The CSI-RS may be

identified based at least in part on the control message and in some cases may be determined

network entity {e.g., a core network node or base station 105-¢) may configure precoded CSI-

RS resources for CSI-RS reporting.

{6181} At 415, the UE 115-¢ may receive one or more precoded CSI-RSs from the base
station 105-¢. In such cases, the precoder for CSI-RS of each resource may be formed by a

beam and a delay offset selected from a set of candidates (e.g,, O ps, 0.2 ys, 0.4 us, 0.8 ps).

[6162] A1 420, the UE 115-c may estimate an effective channel. In some cases, the UE
115-¢ may perform CSI-RS measurements on one or more CSI-RSs transmitted by the base

station 105-¢, which may be used to estimate the effective channel.

[6163] AL 425, the UE 115-¢ may determine at least one CS1 parameter {e.g., RI, PM],
CRI, CQD). In some examples, the at least one CSI parameter may be determined based at

least in part on the effective channel (e.g., as estimated at 420).

10164} At 430, the UE 115-¢ may transmit a feedback message to the base station 105-¢,
which may be based at least in part on the CSI-RS measurements. In some cases, the reported
CSI parameter may correspond 1o a closed loop transmassion scheme (e.g., if the base station
105-¢ precodes the CSI-RS based a time offset that equals 0). In some examples, the
feedback message may include the at least one CSI parameter, such as RI, PMI, CRI, CQIL,

el

[6165] FiG. 5 illustrates an example of a process flow 500 that supports communication
schemes for SCDID reference signals in accordance with various aspects of the present
disclosure. In some examples, process flow 500 may implement aspects of wireless

commurications systems 100 or 200 as described with reference to FIGs. T and 2. UE 115-d
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and base station 105-d may be examples of the corresponding devices described above with
reference to FIGs. 1 and 2. Process flow SO0 may be an example of a network configured

time offset indication for CS{, where a fixed time offset may be used for CSI reporting.

{6186] At 505, the UE 115-d may receive a control message from base station 105-d. In
some cases, the control message may comprise a DCT or RRC message. In some examples,

the DCI or RRC message may include at least one CSI configuration parameter.

(0107} At 510, the UE 115-d may identify a CSI-RS configuration. The CSI-RS may be
identified based at least 1n part on the control message (e.g., the CSI-RS configuration may be
indicated by or included in the conirol message). In some cases, the C51-RS may be
identified based at least in part on the at least one CSI configuration parameter. In some
exarnples, a network entity {e.g., a core network node or base station 105~d) may configure

precoded or non-precoded CSI-RS resources for CSI-RS reporting,

{0168 At 515, the UF 115-d may receive one or mors CSI-RSs, which may be
iransmitied by base station 105-d. The one or more CSI-RSs may include precoded or non-
precoded CSI-RSs, which mav be received over corresponding sets of resources (e.g., as
configurad by a core network node or base station 105-d. In some examples, the one or more
C81-R8s may be transmitted by the base station 105-b according o the at least one €81

configuration parameter.

(61691 AL 520, the UE 115-d may perform CSI-RS measurernents on the at least one CS1-
RSs received at 310. In some cases, a fixed time offset known to both the UE 115-d and the

network or base station 105-d mav be used for performung CSI-RS measurements.

181167 At 525, the UE 115-d may determine at least one TSI parameter {e.g., R, PMI,
CRI, CQI}. The at least one CSI parameter may be determined based on the CSI-RS

measurements {e.g., as performed at 320).

8111} At 530, the UE 115-d may transmit a feedback message to the base station 105-d.
The feedback message may be reported o the base station 105-d and may be based at least in
part on the CSI-RS measurements. In some examples, the feedback message may include at

least one CSI parameter, such as RI, CRI PMI, CQL, etc., as determined at 5235,

[6112] FiG. 6 illustrates an example of a process flow 600 that supports communication
schemes for SCDD reference signals in accordance with various aspects of the present

disclosure. In some examples, process low 600 may implement aspects of wireless
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communications systems 100 or 200 as described with reference to FIGs. 1 and 2. UE 115-e
and base station 1(5-e may be examples of the corresponding devices described above with
reference to FIGs. 1 and 2. Process flow 600 may be an exarople of a network assisted UE

deternmined time offset for 81 derivation using non-precoded CSI-RS,

81131 At 605, the UE 115-e may receive a control message from base station 105-e. In
some cases, the control message may comprise a DCY or RRC message. In some examples,

the DCI or RRC message may include at least one CSI configuration parameter.

{8114] AL 610, the UE 115-e may obtain a set of time offset candidates. The set of time
offset candidates may be indicated by the control message (e.g., based on the at feast one S
configuration parameter), as received at 605, In some cases, the set of ime offset candidates
may be dynamically configured by the network or hase station 105-e (e.g., via BDCI). Insome
examples, the time offset candidates may be semi-statistically (RRC) configured by the

network or base station 105-¢ {e.g.. via RRC}.

[8115] At 615, the UE 115-e may receive one or more non-precoded CSI-RSs over a st
of resources, which may be associated with a CSI configuration parameter. The one or more

CS81-R8s may be transmitied by the base station 103-e.

(6116} At 620, the UE 115-e may perform CSI-RS measurements on the at least one CSI-

RS {e.g., as received from the base station 105-¢ at 615),

1173 At 625, the UE 115-¢ may select a time offset from the set of time offset
candidates obtained at 610. The UE 115-e may select a time offset by trving each time offset
candidate {e.g., as obtained at 610) and determining the spectral efficiency for each time
offset candidate. In some cases, the time offset associated with the highest spectral efficiency

may be selected.

01183 Al 630, the UE 115-e may determine, based on the time offset selected at 623, at
feast one CS1 parameter (e.g.. RI, PMI, and/or CQl}. In some examples, the at least one €81

parameter may be determined based on an association between the time offset (e.g., selected

{0119} At 635, the UE 115-e may transmat a feedback message to the base station 105-¢,
which may be based at least in part on the time offset (e.g, as selected at 625) and the CS1-
RS measurements {e.g., as determined at 630}. In some cases, the UE 115-e may select a

closed toop transmission scheme procedure for transmuitling the feedback message to the base
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station 105-¢ (e.g., based on a time offset of 0). In some examples, the UE 115-e may report
the at least one ST parameter (e.g., RL PMI, CQT) to the base station 105-¢ in the {eedback

message.

{01261 FiG. 7 illustrates an example of a process flow 700 that supports commumication
schemes for SCDD reference signals in accordance with various aspects of the present
disclosure. In some examples, process flow 700 may implement aspects of wireless
communications svstems 100 or 200 as described with reference to F1Gs. 1 and 2. UE 115-f
and base station 105-f may be examples of the corresponding devices described above with
reference to FiGs. 1 and 2. Process flow 700 may be an example of a network assisted UE

determined time offset for CSI dentvation using precoded CSI-RS.

{6121} At 705, the UE 115-f may receive a control message from base station 105-f In
some cases, the control message may comprise a DCI or RRC message. In some examples,

the DCI or RRC message may include at least one CS1 configuration parameter.

{6122 At 710, the UE 115-f may identify a CSI-RS configuration. The CSI-RS may be
identified based at least in part on the control message and in some cases may be determuned

based at least in part on the at least one CS] configuration parameter.

{8123] At 715, the UE 115-f may receive one or more precoded CSI-RSs over aset of
resources associated with a CS1 configuration parameter. For instance, different precoders of
base station 105-f may be associated with different sets of resources. The one or more C81-
RSs mav be transmitted by the base station 105-f. In some cases, the base station 105-f may
configure two or more USI-RS resources for CS1 reporting. In such cases, the precoder for
CSE-RS m each resource may be formed by a beam and a specific ime offset selected from a

set of candidates (e.g.. O us, 0.2 us, 0.4 us, 0.8 ys).

{01241 At 720, the UE 115-f estimate an effective channel. In some cases, the UE 113-f
may perform CSI-RS measurements on one or more CSI-RSs transmitted by the base station
105-f, which may be used to estimate the effective channel. The UE 115-f may select a CSI-
RS resource of the one or more precoded CSI-RS resources based on the rmeasurements and
compute one or more CSI parameters (e.g., CRI, RI, PMI, CQI) based at least in part on the
selected CSI-RS. In some examples, the one or more CS1 parameters mayv be computed based
at feast in part on the estimaied effective channel. In some aspects, at least one CSI parameter
may be based at least in part on the one or more precoded CSI-RS8s received trom the base

station 105-fat 715
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{125] At 720, the UE 115-f may transmit a feedback message containing the CSI
parameters 1o the base station 105-f, which may be based at least in part on the selected CS1-
RS resource and the channel measurements. In some cases, if the CSI-RS of the selected CS1-
RS resource 1s precoded based on a time offset equal 1o 0, the reported CSI parameters may
be determined to be for a closed loop transmission scheme. In some examples, the UE 115-f
may report CRI, RY, PMI, and CQ1 associated with the CRI following reception of the at least
one CSI-RS from the base station 105-£

{0126] Fi(. 8 shows a block diagram 800 of a wireless device 805 that supports
communication schemes for SCDD reference signals in accordance with aspects of the
present disclosure. Wireless device 845 may be an example of aspecis of a UE 115 ag
described herein. Wireless device 8035 may imclude receiver 810, UE coromurications
manager 315, and transnutter 820. Wireless device 805 may also include a processor. Each of

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

{61271 Receiver 810 may receive information such as packets, user data, or control

information associated with various information channels {e.g., control channels, data

channels, and information related to communication schemes for SCDD reference signals,

etc. ). Information may be passed on (o other components of the device. The receiver 10 may
¢ an exarple of aspects of the transcetver 1135 described with reference to FIG. 11. The

eceiver #10 may uiilize a single antenna or a set of antennas.

[61258] UE communications manager 815 may be an example of aspects of the UE

communications manager 1115 described with reference to FIG. 11.

(6129} UE communications manager 815 and/or al least some of i{s various sub-
components may be implemented 1n hardware, software executed by a processor, firmware,
or any combination thereof. I implemented in software executed by a processor, the
functions of the UE communications manager 815 and/or at least some of its various sub-
componenis may be executed 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 transistor logic, discrate
hardware components, or any cornbination thereof designed to perform the functions

described m the present disclosure.

101343 The UE communications manager 815 and/or at least some of its various sub-

components may be physically located at various positions, including being distributed such
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that portions of functions are implemented at different physical locations by ong or more
physical devices. In some examples, UE commumications manager 815 and/or at least some
of its various sub-components may be a separate and distinct component in accordance with
various aspects of the present disclosure. In other examples, UE communications manager
815 and/or at least some of its various sub-components may be combined with one or more
other hardware components, including but not limuted to an I/O component, a transceiver, a
network server, another computing device, one or more other components described in the
present disclosure, or a combination thereof in accordance with various aspects of the present

disclosure.

81313 UE communications manager 8§15 may receive, from a base siation, a control
message including at least one CS1 configuration parameter and identify a time offset
between a set of virfual antennas of the base station based on the at least one US1
configuration parameter. UE commumications manager 815 perform measurements of a set of
CS1-R8s associated with the set of virtual antennas of the base station and transnui, 1o the
base station, a feedback message based on the 1dentified time offset and the measurements of
the set of CS1-RSs. The UE communications manager 815 may also receive a first CSI-RS of
a set of CSI-RSs over a first set of resources corresponding (o g {irst beam and a first delay
offset, determine a first CSI parameter based on the first CSI-RS, and transmit, to the base

station, a feedback message based on the deternuned first CS1 parameter.

[6132] Transmitter 820 may transmut signals generated by other components of the
device. In some examples, the transmitter 820 may be collocated with a receiver 810 a
transcetver module. For exarople, the transmitter 820 may be an example of aspects of the
transceiver 1135 described with reference to FIG. 11. The transmutter 820 may utilize a single

antenna or a set of antennas.

[6133] FIG. 9 shows a block diagram 900 of a wireless device 905 that supporis
conununication schemes for SCDD reference signals in accordance with aspects of the
present disclosure. Wirelass device 905 may be an example of aspects of a wireless device
805 or a UE 115 as described with reference to FIG. 8. Wireless device 905 mayv include
recetver 910, UE communications manager 913, and transmitter 920, Wireless device 905
may also include a processor. Each of these coraponents may be in conwuunication with one

another {e.g., via one or more buses).
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[9134] Receiver 910 may receive information such as packels, user data, or control
mformation associated with various information channels (e.g., control channels, data
chanmels, and information related to communication schemes for SCDD reference signals,
etc.}. Information may be passed on to other components of the device. The receiver 910 may
be an example of aspects of the transceiver 1135 described with reference to FI(G. 11. The

recerver 910 may utilize a single antenna or a set of antennas.

[0135] UE communications manager 915 may be an example of aspects of the UE
comnumications manager 1115 described with reference to FIG. 11, UE communications
manager 915 may also include reception component 925, time offset component 930,
measurement component 935, transmission component 940, CST-RS receiver 945, CSI

arameter component 950, and feedback transnutter 955
p p

{0136] Reception component 925 may receive, from a base station, a conirol message
mcluding at least one CSI configuration parameter. In some cases, the control message
includes DCY from the base station, the DCI including the at least one CST configuration
parameter. In some cases, a format of the DCT includes at least one of a special DCI format or
a DCI format for CSI-RS. In some cases, the DCI 15 for the UK or a group of UEs including
the UE. In some cases, the control message includes an RRC message including the at least

one CSI configuration parameter.

(61371 Time offset component 930 may 1dentify a time offset between a set of virtual
antennas of the base station based on the at least one CS] configuration parameter. In some
cases, identifving the time offset includes: calculating the time offset based on the at least one
CSI configuration parameier. In some cases, identifying the time offset includes: receiving an
mdication of a time offset configuration from the base station, the time offset configuration
determined by one of a core network node or the base station. In some cases, the indication 18
received via DCT or a RRC message. In some cases, determining the time offset includes:
selecting the time offset from a set of time offset candidates based on the measurements of
the set of CSI-RSs. In some cases, the time offset candidates are determined based on the

control message.

[0138] Measurement corponent 935 may perform, by the UE, measurements of a set of
CSI-RSs associated with the set of virtual antennas of the base station and deternune a fixed
value of the time offset for use in performing the measurements, where the feedback message

1s based on the fixed value of the time offset.
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{8139] Transmission component 940 may transmit, {o the base station, a feedback
message based on the identified time offset and the measurements of the set of CSI-R8s. In
sorpe cases, transnutiing the feedback message further includes: transmatting an wnitial co-

phase vector between the set of virtual antennas of the base station.

{0140] CSI-RS receiver 945 may receive a first CSI-RS of a set of CSI-RSs over a first
set of resources corresponding 1o a {irst beam and a first delay offset and receive a second
CSI-RS of the set of CSI-RSs over a second set of resources corresponding to a second beam

and a second delay offset.

{6141] ~S1 parameter component 950 may determine a first CSI parameter based on the

first CSI-RS and determine a second CST parameter based on the second CSI-RS.

(1423 Feedback transmitier 955 may transmit, to the base station, a feedback message
based on the deternuned first CSI parameter and transmit, to the base station, the feedback
message based on the determined the second CSI parameter. In some cases, the feedback
message ncludes at least one of a CRI, an RI, a PMI, an mitial co-phase indicator, a CQL, or

a cornbination thereof,

[6143] Transmutter 920 roay transoit signals generated by other coraponents of the
device. In some examples, the transmitter 920 may be collocated with a receiver 910 ina
transceiver module. For example, the transmitter 920 may be an example of aspecis of the
transceiver 1135 described with reference to FIG. 11 The transmitter 920 may uiilize a single

antenna or a set of antennas.

[6144] FiG. 16 shows a block diagram 1000 of a UE commumications manager 1015 that
supports communication schemes for SCPD reference signals in accordance with aspects of
the present disclosure. The UE commumications manager 1015 may be an example of aspects
of a UE communications manager 815, a UE commumications manager 915, or a UE
communications manager 1115 described with reference to FiGs. 8, 9, and 11. The UE
communications manager 1015 may include reception component 1020, time offset
component 1025, measurement component 1030, transmission coraponent 1035, CSI-RS
eceiver 1040, CSI parameter component 1043, feadback transmitter 1050, feedback
component 1055, and scheme component 1060. Each of these modules may commumicate,

directly or indirectly, with one another {e.g., via one or more buses).
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[9145] Reception component 1020 may receive, from a base station, a control message
mcluding at least one CSI configuration parameter. In some cases, the control message
mcludes DC from the base station, the DCIincluding the at least one CS§ configuration
parameter. In some cases, a format of the DCI includes at least one of a special DCI format or
a DCI format for CSI-RS. In some cases, the DCI 15 for the UE or a group of UEs including
the UE. In some cases, the control message includes a RRC message including the at least

one CSI configuration parameter.

{0144] Time offset component 1025 may identify, by a UE, a time offset between a set of
virtual antennas of the base station based on the at least one UST configuration parameter. In
some cases, identifying the time offset includes: calculating the time offset based on the at
teast one CSI configuration parameter. In some cases, wdentifying the tiroe offset includes:
receiving an indication of a time offset configuration from the base station, the time offset
configuration determined by one of a core network node or the base station. Tn some cases,
the indication 1s received via DCY or a RRC message. In some cases, determinung the time
offset includes: selecting the time offset from a set of time offset candidates based on the
measurements of the set of CSI-RSs. In some cases, the time offset candidates are determined

based on the control message.

{61471 Measurement component 1030 may perform, by the UE, measurements of a set of
(S1-RSs associated with the set of virtual anternmas of the base station and determine a fixed
value of the time offset for use in performing the measurements, where the feedback message

i5 based on the fixed value of the time offset.

{0148} Transmission component 1035 may transmit, o the base station, a feedback
message based on the wdentified time offset and the roeasurements of the set of CSI-RSs. In
some cases, transimiiting the feedback message further includes: transmitting an initial co-

phase vector between the set of virtual antennas of the base station.

(1497 CSE-RS recetver 1040 may receive a first CSI-RS of a set of CSI-RSs over a first
set of resources comresponding to a first beam and a first delay offset and receive a second
CSI-RS of the set of CSI-RSs over a second set of resources corresponding to a second beam

and a second delay offset.

[0156] 81 parameter component 1045 may determine a first CSI parameter based on the

first CSI-RS and determine a second C8I parameter based on the second CSI-RS.
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[0151] Feedback transmitier 1050 may transimit, to the base station, a feedback message
based on the determuned first CSI parameter and transmit, 1o the base station, the feedback
message based on the determined the second CSI parameter. In some cases, the feedback
message inchudes at least one of a CRI, an Ri, a PMI, an initial co-phase indicator, a CQl, or

a combination thereof

[0152] Feedback component 1055 may compute CSI feedback for at least one CSI-RS
based on the time offset configuration, where the feedback message includes the computed
81 feedback and determine, based on the time offset, at least one CSI parameter from a
group consisting of a rank indicator, an initial co-phase indicator, a precoder matrix
mdicator, and a channel quality mdicator, where the determined at least one CSI parameter is

mcluded in the feedback message.

{0153] Scheme component 1060 may selact, based on a determination that the time offset
equals ¥ or a determination that a selected USI resource corresponds {o the time offset equal
i0 0, a closed loop transmission scheme procedure for transmitiing the feedback message and

select a closed loop transmission scheme procedure for transmutiing the feedback message.

[154] FIG. 11 shows a diagram of a system 1100 including a device 1105 that supports
communication schemes for SCDD reference signals in accordance with aspects of the
present disclosure. Device 1105 may be an example of or inchude the components of wireless
device 805, wireless device 903, or a UE 1135 as described above, e.g., with reference to
FIGs. 8 and 9. Device 1105 may include components for bi-directional voice and data
communications including components for transmitting and receiving communications,
mcluding UE communications manager 1115, processor 120, memory 1125, software 1130,
iransceiver 1133, anterma 1140, and I/0 controller 1145, These components may be in
glectronic communication via one or more buses (e.g., bus 1110}). Device 1105 may

&

communicate wirelessly with one or more base stations 105.

[155] Processor 1120 may include an intelligent hardware device, {e.g., a general-
purpose processor, a DSP, a central processing unut (CPU), a mucrocontroller, an ASIC, an
FPGA, a programmable logic device, a discrete gate or transistor logic component, a discrete
hardware component, or any combination thereof). In some cases, processor 1120 may be
configured to operale a memory array using a memory controller. fn other cases, a memory

controller may be integrated into processor 1120. Processor 1120 may be configured to
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execute computer-readable instractions stored in a memory to perform vartous functions

{e.g., functions or tasks supporting communication schemes for SCDD reference signals).

[0156] Memory 1125 may include randorn access memory (RAM) and read only mersory
{(ROM). The memory 1125 may store computer-readable, computer-executable software 1130
including instructions that, when executed, cause the processor to perform various functions
described herein. In some cases, the memory 1125 may contain, among other things, a basic
nput/output system (BIOS) which may control basic hardware or software operation such as

the interaction with peripheral components or devices.

{6157] Software 1130 may include code to implement aspects of the present disclosure,
ncluding code to support commumication schemes for SCDD reference signals. Software
1130 may be stored in a non-iransitory cornputer-readable medium such as systern memory
or other memory. In some cases, the software 1130 may not be directly executable by the
processor but may cause a compuier {e.g., when compiled and executed} to perform functions

described herein.

§8158] Transceiver 1135 may conmnunicate bi~directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1135 may represent
a wireless transcetver and may communicate bi-directionally with another wireless
transceiver. The transceiver 1135 may also inchude a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

eceived from the antennas.

[6159] in some cases, the wireless device may mclude a single antenna 1140. However,
in some cases the device may have more than one antenna 1140, which may be capable of

concurrently transruitting or receiving multiple wireless transnussions.

[G1ad] /G controller 1145 may manage input and output signals for device 1105, VO
controller 11435 may also manage peripherals not integrated into device 1103, In some cases,
170 controller 1145 may represent a physical connection or port to an external peripheral. In
sore cases, 1/0 controller 1145 may utilize an operating system such as 10S®, ANDROID®,
MS-DOS®, MS-WINDOWS®R, O8/2®, UNIX®, LINUX®, or another known operating
system. In other cases, /O controller 1145 may represent or interact with a modem, a
kevboard, a mouse, a touchscreen, or a similar device. In some cases, /O controller 1145
may be implemented as part of a processor. In some cases, a user may interact with device

1105 via /O controller 1145 or via hardware components controlled by /O controller 1145,
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{161} FIG. 12 shows a block diagram 1200 of a wireless device 1205 that supports
communication schemes for SCDD reference signals in accordance with aspects of the
present disclosure. Wireless device 1205 may be an example of aspects of a base station 105
as described herein. Wireless device 1205 may include receiver 1210, base station
communications manager 1215, and transmitter 1220, Wireless device 1205 may also include
a processor. Each of these components may be in commurucation with one another {e.g., via

one or more buses).

{8162] Receiver 1210 may receive information such as packets, user data, or control
information associated with various information channels (e.g., conirol channels, data
chammels, and imformation related to communication schemes for SCDD reference signals,
etc.}). Information may be passed on to other components of the device. The receiver 1210
may be an example of aspects of the transcetver 1535 described with reference to FIG. 15.

The receiver 1210 may utilize a single antenna or a set of antennas.

[0163] Base station communications manager 1215 may be an example of aspecis of the
base station communications manager 15135 described with reference to FIG. 15, Base station
communications manager 1215 and/or at least some of its various sub-components may be
implemented 1o hardware, software executed by a processor, firmware, or any combination
thereof. If implemented 1 software executed by a processor, the functions of the base station
communications manager 1215 and/or at least some of its 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 transisior logic, discrete hardware components, or any

combination thereof designed to perform the functions described in the present disclosure.

{81n4] The base station communications manager 1215 and/or at least some of iis various
sub-components may be physically located at various positions, including being distribuied
such that portions of functions are implernented at different physical locations by one or more
physical devices. In some examples, base station conununications manager 1215 and/or at
least some of its various sub-components may be a separate and distinct component in
accordance with various aspects of the present disclosure. In other examples, base station
communications manager 1215 and/or at least some of its various sub-components may be
combined with one or more other hardware components, including but not limited to an /O

component, a transceiver, a network server, another computing device, one or more other
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components described in the present disclosure, or a combination thereof in accordance with

various aspects of the present disclosure.

{0165} Base station comnmurnications manager 12135 may transnut a control message
including at least one CSI configuration parameter and a request to report a time offset
between a set of virtual antennas of the base station and measurements of a set of CSI-RSs
associated with the set of viriual antennas of the base station and receive, froma UE and in
response to the request, a feedback message based on the time offset and the measurements of
the set of C81-RS8s. The base station commumnications manager 1215 may also transmit, to a
UE, a first CSI-RS of a set of CSI-RSs over a first set of resources corresponding to a first
beam and a first delay offset and receive, from the UE, a feedback message that includes a

first CS1 parameter, where the first CS1 pararveter 1s based on the first CSI-RS.

{0166] Transmitter 1220 may iransmit signals generated by other components of the
device. In some examples, the transmutter 1220 may be collocated with a receiver 1210 in a
transceiver module. For exarple, the transmitter 1220 may be an example of aspects of the
transceiver 1535 described with reference to FIG. 15, The transnutter 1220 may utilize a

single antenna or a set of antennas.

{6167] FIG. 13 shows a block diagram 1300 of a wireless device 1305 that supports
communication schemes for SCDD reference signals in accordance with aspects of the
present disclosure. Wireless device 1305 may be an exarople of aspects of a wireless device
1205 or a base station 105 as described with reference to FIG. 12, Wireless device 1305 may
include receiver 1310, base station communications manager 1315, and transmtter 1320
Wireless device 1305 may also include a processor. Each of these components may be in

communication with one another {e.g., via one or more buses).

{01681 Receiver 1310 may receive information such as packets, user data, or control
information associated with various information channels (e.g., control channels, data
channels, and mformation related to communication schemes for SCDD reference signals,
etc.). Information may be passed on to other components of the device. The receiver 1310
may be an example of aspects of the transceiver 1535 described with reference to FIG. 15

The receiver 1310 may uiilize a single antenna or a set of antennas.

[0169] Base station communications manager 1315 may be an example of aspects of the

base station commurications manager 1515 described with reference to FIG. 15, Base station
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communications manager 1315 may also include control component 1325, feedback receiver

1330, CSI-RS transmitter 1335, and CSI parameter receiver 1340,

{61761 Control component 1325 may transmit a control ruessage mcluding at least one
CS1 configuration parameter and a request to report a time offset between a set of virtual
antennas of the base station and measurements of a set of C51-RSs associated with the set of

virtual antennas of the base station.

[0171] Feedback receiver 1330 mav receive, from a UE and 10 response to the request, a
feedback message based on the ime offset and the measurements of the set of CSI-RSs,
receive, from the UE, a UE {ime offset and at least one CSI parameter based on the UE time
offset, where the at least one CSI parameier is incladed in the feedback message, and receive,
from the UE, at least one CS1 parameter based on a fixed time offset, where the at least one
CS1 parameter is included in the feedback message. In some cases, the feedback message
includes TSI feedback for at least one CSI-RS of the set of CSI-RE8s based on the time offset

configuration.

§8172] CSI-RS transmitter 13335 may transot, to a UE, a first CSI-RS of a set of CSI-
R8s over a first set of resources corresponding to a first beam and a first delay offset and
transmit, 10 the UE, a second CSI-RS of the set of CSI-RSs over a second set of resources
cosresponding to a second beam and a second delay offset, where the feedback message

mcludes a second CSI parameter based on the second CSI-RS.

161731 CS81 parameter receiver 1340 may receive, from the UE, a feedback message that

mcludes a first CSI parameter, where the first CSI parameter 18 based on the first CSI-RS.

(6874 Transmitter 1320 may transmit signals generated by other componenis of the
device. In some exarmples, the transmitter 1320 may be collocated with areceiver 1310ina
iransceiver module. For exarople, the transmitter 1320 may be an example of aspects of the
transceiver 1535 described with reference {o FIG. 15, The transmitter 1320 may utilize a

single antenna or a set of aniennas.

1841757 FIG. 14 shows a block diagram 1400 of a base station commumnications manager
1415 that supports comrmunication schemes for SCDD reference signals in accordance with
aspects of the present disclogure. The base station communications manager 1415 may be an
example of aspects of a base station communications manager 1515 described with reference

o FIGs. 12, 13, and 15. The base station communications manager 1415 may include control
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component 1420, feedback receiver 1425, CSI-RS transmitter 1430, CS1 parametar receiver
1435, indication component 1440, and configuration component 1445, Each of these modules

may cornmunicate, directly or indirectly, with one another {e.g., via one or more buses).

[6176] Control component 1420 may transmit a control message including at least one
~§1 configuration parameter and a request to report a time offset between a set of virtual
antennas of the base station and measurernents of a set of CSI-RSs associated with the set of

virtual antennas of the base station.

{0177] Feedback receiver 1425 may receive, from a UE and in response to the request, a
feedback message based on the time offset and the measurements of the set of CSI-RSs,
receive, from the UE, a UE time offset and at least one CSI parameter based on the UE time
offset, where the at least one CSI parameter is included 10 the feedback message, and receive,
from the UE, at least one {S1 parameter based on a fixed time offset, where the at least one
CS1 parameter is included in the feedback message. In some cases, the feedback message
includes CSI feedback for at least one CSE-RS of the set of CSI-RSs based on the time offset

configuration.

{0178] CSI-RS transmitter 1430 may transmit, to a UE, a first CSI-RS of a set of CSI-
RSs over a first set of resources corresponding to a first beam and a first delay offset and
transmut, 10 the UE, a second CSI-RS of the set of CSI-RSs over a second set of resources
corresponding to a second bearn and a second delay offset, where the feedback message

mcludes a second CSI parameter based on the second CSI-RS.

10179 81 parameter receiver 1435 may receive, from the UE, a feedback message that

mcludes a first CST parameter, where the first CSI parameter is based on the first CSI-RS.

{01863 Indication component 1440 may transmit, to the UE, an indication of a time offset
configuration, the tiee offset configuration deternuned by ove of a core netwaork node or the
base station. In some cases, the indication is transmuitted via DCL a radio resource control

message, or within the control message.

[6181] Configuration component 1445 may configure a set of tirne offset candidates for

the UE, where the control message includes the set of time offset candidates.

[6182] FiG, 15 shows a diagram of a sysiem 1500 including a device 1505 that supports
comimunication schemes for 5CDD reference signals in accordance with aspects of the

present disclosure. Device 1505 may be an example of or include the components of base
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station 105 as described above, e.g., with reference to FIG. 1. Brevice 1505 may include

components for bi-directional voice and data communications mncluding components for
transmutting and receiving convmunications, including base station commuications manager
1515, processor 1520, memory 1525, software 1530, transceiver 1535, antenna 1540,
network communications manager 1545, and inter-station communications manager 13550,
These components may be in electronic conumunication via one or more buses {e.g.. bus

1510). Device 1305 may communicate wirelessly with one or more UEs 115,

{0183] Processor 1520 may include an intelligent hardware device, {e.g., a general-
purpose processor, a DSP, a CPU, a microcontroller, an ASIC, an FPGA, a programimable
togic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, processor 1520 may be configured to operate a
memory array using a memory controller. In other cases, a memory controller may be
mtegrated into processor 1520, Processor 1520 may be configured to execule computer-
readable instructions stored i a memory to perform vanous functions {e.g.. functions or tasks

supporting comumunication schemes for SCDD reference signals}.

{0184] Memory 1525 may include RAM and ROM. The memory 1525 may store
computer-readable, computer-executable software 1530 including instructions that, when
executed, cause the processor to perform varnous functions described herein. In some cases,
the memory 1523 may contain, among other things, a BIOS which may control basic
hardware or software operation such as the interaction with peripheral components or

devices.

[0185] Software 15330 may include code to implement aspects of the present disclosure,
mcluding code to support comumunication schemes for SCDD reference signals. Software
1530 may be stored in a non-franstiory computer-readable medivm such as system memory
or other memory. In some cases, the software 1530 may not be directly executable by the
processor but mav cause a computer {e.g., when compiled and executed) to perform functions

escribed herein.

[6186] Transceiver 1335 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transcetver 1535 may represent
a wireless transceiver and may conwmunicate bi-directionally with another wireless

transceiver. The transceiver 1535 may also include a modem to modulate the packets and
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provide the modulated packets to the aniennas for transmission, and to demodulate packeis

received from the anfennas.

{8187] In some cases, the wireless device may include a single antenna 1540, However,
in some cases the device may have more than one antenna 1540, which may be capable of

concurrently transmutting or receiving muitiple wireless transmissions.

[01E88] Wetwork communications manager 1545 may manage communications with the
core network (e.g., via one or more wired backhaul hinks). For example, the network
commurications manager 1545 may manage the transfer of data commmunications for client

devices, such as one or more UEs 115.

{189] Inter-station communications manager 1550 mav manage communications with
other base station 105, and may include a controller or scheduler for controlling
conmraunications with UEs 115 in cooperation with other base stations 105, For example, the
mier-station communications manager 1550 may coordinate scheduling for transmissions o
UEs 115 for vanous interference mitigation techniques such as beamforming or joint
iransmission. fn some examples, inter-station communications manager 1550 may provide an
X2 interface within an LTE/LTE-A wireless communication network technology to provide

communication between base stations 1058,

HIR FIG. 16 shows a flowchart illustrating a method 1600 for communication schemes
for SCDD reference signals in accordance with aspects of the present disclosure. The
operations of method 1600 may be implemented by a UE 115 or its components as described
herem. For example, the operations of method 1600 may be performed by a UE
commumications manager as described with reference to FIGs. 8 through 11, In some
examples, a UE 115 may execute a set of codes to control the functional elements of the
device to perform the functions described below. Additionally or alternatively, the UE 115

may perform aspects of the functions descnbed below using special-purpose hardware.

(1913 At block 1605 the UE 115 may receive, from a base station, a control message
comprising at least one CS1 configuration parameter. The operations of block 1605 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 1605 may be performed by a reception component as described with

reference to FIGs. 8 through 11.
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[9192] At block 1610 the UE 115 mav identify a time offset between a plurality of virtual
antennas of the base station based at least in part on the at least one CSI configuration
pararneter. The operations of block 1610 ruay be performued according fo the methods
described herein. In certain examples, aspacts of the operations of block 1610 may be

performed by a time offset component as described with reference to FIGs. 8 through 11.

[0193] At block 1615 the UE 115 may perform measurements of a plurality of CSI-RSs
associated with the plurality of virtual antennas of the base station. The operations of block
1615 may be performed according to the methods described herein. In certain examples.

aspects of the operations of block 1615 may be performed by a measurement component as

deseribed with reference to FIGs. 8 through 11

{6194} At block 1620 the UE 115 may transmit, to the base station, a feedback message
based at least in part on the identified time offset and the measurements of the plurality of
{S1-RSs. The operations of block 1620 may be performed according to the methods
described herein. In ceriain examples, aspects of the operations of block 1620 may be

performed by a transmission component as described with reference to FIGs. 8 through 11,

[8195] FiG. 17 shows a flowchart illustrating a method 1700 for communication schemes
for SCDD reference signals in accordance with aspects of the present disclosure. The
operations of method 1700 may be implemenied by a UE 115 or its components as described
herem. For example, the operations of method 1700 may be performed by a UE
conmmunications manager as described with reference to FIGs. 8 through 11, In some
examples, a UE 115 may execute a set of codes to control the functional elements of the
device to perform the functions descnibed below. Additionally or alternatively, the UE 113

may perform aspects of the functions described below using special-purpose hardware.

[3196] At block 1705 the UE 115 may receive a first CSI-RS of a plurality of CSI-RS8s
over a first set of resources corresponding to a first beam and a first delav offset. The
operations of block 1705 may be performed according to the methods described herein. In
certain examples, aspects of the operations of block 1705 may be performed by a CSI-RS

eceiver as described with reference to FiGs. 8 through 11

[6197] At block 1710 the UE 115 may determine a first CS1 parameter based at least in
part on the first CSI-RS. The operations of block 1710 may be performed according to the

methods described herein. In certain examples, aspects of the operations of block 1710 may
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be performed by a CS1 parameter component as described with reference to FIGs. 8 through

1L

[8198] Atblock 1715 the UE 115 may transnut, to the base station, a feedback message
based at feast in part on the determined first CS1 parameter. The operations of block 1715
may be performed according 1o the methods described herein. In certain examples, aspects of
the operations of block 1715 may be performed by a feedback transmutter as described with

reference to FIGs. 8 through 11,

{0199] FI(. 18 shows a flowchart illustrating a method 1800 for communication schemes
for SCDD reference signals in accordance with aspects of the present disclosure. The
operations of method 1800 may be implemented by a base station 105 or its components as
described herein. For example, the operations of method 1800 may be performed by a base
station conumnunications manager as described with reference to FIGs. 12 through 15, In some
examples, a base station 105 may execute a set of codes to control the functional elements of

the device to perform the fumctions described below. Additionally or aliernatively, the base

hardware.

{6266] At block 1805 the base station 105 may transimit a control message comprising at
teast one CSI configuration parameter and a request (o report a time offset between a plurality
of virtual antennas of the base station and measurements of a plurality of CSI-RS8s associated
with the plurality of virtual antennas of the base station. The operations of block 1805 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 1805 may be performed by a control component as described with

reference to FIGs. 12 through 15,

[8261] At block 1810 the base station 105 may receive, from a UE and in response to the

request, a feedback message based at least in part on the time offset and the measurements of

methods described herein. To certain examples, aspects of the operations of block 1810 may

be performed by a feedback receiver as described with reference to FIGs. 12 through 15

102621 FIG. 19 shows a flowchart illustrating a method 1900 for communication schemes
for SCDD reference signals in accordance with aspects of the present disclosure. The
operations of method 1900 may be implerented by a base station 105 or its components as

described herein. For example, the operations of method 1900 may be performed by a base
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station communications manager as described with reference to FIGs. 12 through 15. In some
examples, a base station 105 may execute a set of codes to control the functional elements of
the device to perform the functions described below. Additionally or alternatively, the base
station 105 may perform aspects of the functions described below using special-purpose

hardware.

{6263] Al block 1905 the base station 105 may transmit, to a UE, a first CST-RS of a
plurality of CSI-RS8s over a first set of resources corresponding to a first beam and a first
delay offset. The operations of block 1905 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 1905 may be

performed by a CSI-RS transmitter as described with reference to FIGs. 12 through 15.

[6204] At block 1910 the base station 105 may receive, from the UE, a feedback message
that includes a first CS1 parameter, wherein the first C81 parameter is based at least in part on
the first CSI-RS. The operations of block 1910 may be performed according to the methods
described herein. In certain examples, aspects of the operations of block 1910 may be

performed by a CSI parameter recerver as described with reference to F1Gs. 12 through 15.

[0205] It should be noted that the methods described above describe possible
umpiementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects {rom two or more of

the methods may be corbined.

162061 Techniques described herein may be used for various wireless conymunications
systems such as code division multiple access {CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), single carrier frequency division multiple access (SC-FDMA),
and other systems. The terms “svstem” and “network™ are often used interchangeably. A code
division multiple access (CDMA) system may implement a radio iechnology such as
CDMAZO00, Universal Terrestrial Radio Access (UTRA), ete. CDMAZ000 covers 18-2000,
18-95, and 18-856 standards. 1S-2000 Releases mav be coramonly referred to as COMAZ000
1X, 1X, etc. 1S-856 (TIA-836) is commonly referred to as CDMAZ000 1xEV-DO, High Rate
Packet Data (HRPD), etc. UTRA mncludes Wideband CDMA (WCDMA) and other vanants
of CDMA. A TDMA system may implement a radio technology such as Global System for

Mobile Communications (GSM).
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{2607] An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engineers (IEFE) 802,11 (Wi-F1), IEEE 802.16 (WiMAX), [EEE 802.20, Flash-OFDM, etc.
UTRA and E-UTRA are part of Universal 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 in documents from the orgamization named “3rd
Generation Partnership Project”™ (3GPP). CDMAZ000 and UMB are described in documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2}). The techniques
described heretn 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 purposes of example, and LTE or NR terminology may be used in much of the

escription, the techniques described herein are applicable bevond LTE or NR applications.

(82881 In LTE/LTE-A networks, including such networks described herein, the term
evolved node B (eNB) may be generally used to describe the base stations. The wireless
communications system or systems described herein may include a heterogeneous LTE/LTE-
A or NR network in which different types of eNBs provide coverage for various geographical
regions. For example, each eNB, next generation NodeB (gNB), or base station may provide
conununication 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 carrier or component carrier associated with a base
station, or a coverage area {e.g., sector, ic.} of a carrier or base staiion, depending on

context

[6209] Base stations may include or may be referred 1o by those skilled in the art as a
base transcetver station, a radio base station, an access point, a radio transceiver, a NodeB,
eNodeB (eNB), gNB, Home NodeR, a Home eNodeB, or some other suitable terminology.
The geographic coverage area for a base station may be divided mto sectors making up ounly a
portion of the coverage area. The wireless communications system or svstems described
herein may include base stations of different tvpes {e.g., macro or small cell base stations).
The UEs described herein may be able to communicate with various types of base stations
and network equipment including macro eNBs, small cell eNBs, gNBs, relay base stations,

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

[6214] A macro cell generally covers a relatively large gengraphic area (e.g., several
g S B oV o 27 o

kilometers in radius) and may allow wnrestricled access by UEs with service subscriptions
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with the network provider. A small cell is a lower-powered base station, as compared with a
macro cell, that may operate in the same or different {e.g., licensed, unlicensed, etc.)
frequency bands as macro cells. Small cells mav include pico cells, fernto 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 assoctation with the femto cell (eg., UEsina
closed subscriber group (C5G), UEs for users in the home, and the like}. An eNB for a macro
cell may be referred (o as a macro eNB. An eNB for a small cell may be referred to as a small
cell eNB, a pico 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, component carrigrs).

{6211} The wireless communications system or systems described herein may support
synchronous or asynchronous operation. For synchronous operation, the base stations may
have similar frame tinung, and transnussions from different base stations may be
approximately aligned in time. For asvnchronous operation, the base stations may have
different frame timing, and transmissions from different base stations may not be aligned in
time. The techniques described herein may be used for either synchronous or asynchronous

operations.

{0212] The downlink transmissions described herein may also be called forward link
transmissions while the uplink transmissions may also be called reverse link transmissions.
Each communication link described herein—including, for example, wireless
communications svstem 100 and 200 of FIGs. 1 and 2—may include one or more carriers,
where each carrier may be a signal made up of multiple sub-carriers (e.g, waveform signals

of different frequencies}.

{6213] The description set forth herein, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
implemented or that are within the scope of the claims. The term “exemplary™ used herein
means “serving as an example, insiance, or illustration,” and not “preferred” or
“advantageous over other examples.” The detailed description mcludes specific details for the
purpose of providing an understanding of the described techniques. These technigues,

however. may be practiced without these specific details. In some instances, well-known
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structures and devices are shown in block diagram form in order to avoid obscuring the

concepts of the described examples.

{6214} In the appended figures, sinular coraponents 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 iabel that distinguishes among the
similar components. I just the first reference label is used in the specification, the description
is applicable to anv one of the simalar components having the same first reference label

irrespective of the second reference label.

{6215] Information and signals described herein mav be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be referenced throughout the above
lescription may be represented by voltages, currents, electromagnetic waves, magnetic fields

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

[0216] The various itlustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an FPGA or other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or anv combination thereof desighed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microconiroller, or
state machine. A processor may also be implemented as a combination of computing devices
{e.g., a combination of a DSP and a microprocessor, multiple microprocessors, one or more

microprocessors i conjunction with a DSP core, or any other such configuration).

[6217] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as one or more
mstiructions or code on a computer-readable medium. Other examples and irmplementations
are within the scope of the disclosure and appended claims. For example. due to the nature of
sofiware, functions described above can be implemented using software executed by a
processor, hardware, firmaware, hardwiring, or combinations of any of these. Features
implementing functions mav also be physically located at various positions, including being
distributed such that portions of functions are implemented at different physical locations.

Also, as used herein, including in the claims, “or” as used in a list of items {for example, a list
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of items prefaced by a phrase such as “at least one of ™ or “one or more of 7} indicates an
mclusive list such that, for example, alistofatleast one of A, B, orCmeans Aor Bor C or
AB or ACor BC or ABC (1.2, A and B and C). Also, as used herein, the phrase “based on”
shall not be construed as a reference to a closed set of conditions. For example, an exemplary
step that is described as “based on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on” shall be construed in the same manner as the phrase

“based at least in part on.”

{6218] Computer-readable media includes both non-transitory computer storage media
and communication media including any medium that facilitates transfer of a computer
program frorn one place to another. A non-fransitfory storage medium may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, non-transitory computer-readable media may comprise 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 {o carry or store desired program code
means in the form of mstructions 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 is properly termed a computer-readable medium. For example, if the
software 1s fransmitted from a website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave are inchuded in the definition of
medium. Disk and disc, as used herein, include CD, laser disc, optical disc, digital versatile
disc (DVD), floppy disk and Blu-ray disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above are also included

within the scope of computer-readable media.

[0219] The description herein is provided to 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 inx 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 is not limited to the
examples and designs described herein, but is to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
1. A method for wireless communication, comprising:

receiving, from a base station, a control message comprising at Jeast one
channel state information (CSI) configuration parameter;

identifying, by a user equipment (UE), a time offset between a plurality of
virtual antennas of the base station based at least in part on the at least one USI configuration
parameter;

performing, by the UE, measurements of a plurality of C51 reference signals
(CS1-R5s) associated with the plurality of virtual antennas of the base station; and

transmitting, to the base station, a feedback message based at least in part on

the identified time offset and the measurements of the plurality of CSI-RSs.

2

The method of claim 1, wherein identifying the time offset comprises:
calculating the time offset based at least in part on the at ieast one U51

configuration parameter.

3. The method of any of claims 1 or 2, wherein transmitting the feedback
message further comprises:
transmitting an initial co-phase vector hetween the plurality of virtual antennas

of the base station.

4. The method of any of ciaims 1 through 3, wherein identifying the time
offset comprises:
receiving an indication of a time offset configuration from the base station, the

tirne offset configuration determined by one of a core network node or the base station.

5. The method of claim 4, wherein the indication is received via downlink

control information (DCI) or a radio resource contro] {RR{) message.

6. The method of claim §, further comprising:
computing C51 feedback for at least one CSI-RS based at least in part on the
time offset configuration, wherein the feedback message includes the computed CS1

feedback.
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7. The method of any of claims 1 through 6, wherein the control message
comprises downlink control information (DCI) from the base station, the BCI comprising the

at least one CSI configuration parameter.

8. The method of claim 7, wherein a format of the DCI comprises at Jeast

one of a special DL format or a Bl format for CSL-RS.

g, The method of any of claims 7 or §, whergin the DUl isforthe UE or a

group of UEs inclading the UE.

16. The method of claim 9, wherein the control message comprises a radio

resource conirol (RRC) message comprising the at least one CSI configuration parameter.

11 The method of any of claims 1 through 10, further comprising:
determining a fixed value of the time offset for use in performing the
measurements, wherein the feedback message is based at least in part on the fixed value of

the time offset.

iz The method of any of claims 1 through 11, wherein determining the
time offset comprises:
selecting the time offset from a set of time offset candidates hased at lgast in

part on the measurements of the plurality of CSI-RSs.

13 The method of claim 12, wherein the time offset candidates are

determined based at least in part on the control message.

14 The method of any of claims 1 through 13, further comprising:

determining, based at least in part on the time offset, at least one TSI
parameter from a group consisting of: a rank indicator, an initial co-phase indicator, a
precoder matrix indicator, and a channel quality indicator, wherein the determined at Jeast

one CS1 parameter is included in the feedback message.

i5. The method of any of claims 1 through 14, further comprising:
selecting, based on a determination that the time offset equals O ora
determiination that a selected CSI resource corresponds to the time offset equal to 0, a closed

Ioop transmission scheme procedure for transmitting the feedback message.
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i6. A method for wireless communication, comprising:

receiving a first channel state information (CSI) reference signal (CSI-RSyof a
plurality of CSI-RSs over a first set of resources corresponding to a first beam and a first
delay offset;

determining a first CSI parameter based at least in part on the first CSE-RS:
and

transmitting, to the base station, a feedback message based at least in part on

the determined first CS1 parameter.

i7. The method of claim 16, further comprising:

receiving a second CSI-RS of the plurality of CS1-RS5s over a second set of
resources corresponding to a second beam and a second delay offset;

determining a second CS{ parameter based at least in part on the second CSI-
RS; and

transmitting, to the base station, the feedback message based at least in part on

the determined the second CSI parameter.

i8. The method of any of claims 16 or 17, wherein the feedback message
comprises at feast one of a 51 Resource Indicator (CRI), a Rank Indicator (RI), a Precoder
Matrix Indicator (PMI), an initial co-phase indicator, a Channe] Quality Indicator (CQ), or a

combination thereofl

i9. The method of any of claims 16 through 18, further comprising:
selecting a closed loop transmission scheme procedure for transmitting the

feedback message.

2. A method for wireless communication, comprising:

transmitting, by a base station, a control message comprising at least one
channel state information (CSH) confliguration parameter and a request to report a time offset
bhetween a plurality of virtual antennas of the base station and measurements of a plurality of
CSI reference signals (CSE-RSs) associated with the plurality of virtual antennas of the base
station; and

receiving, from a user equipment (UE) and in response to the request, a
feedback message based at least in part on the time offset and the measurements of the

pharality of CSI-RSs.
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21 The method of claim 20, further comprising:
transmitting, to the UE, an indication of a time offset configuration, the time

offset configuration determined by one of a core network node or the base station.

22. The method of claim 21, wherein the indication is trapsmitted via
downlink control information {DCI), a radio resource control message, or within the control

message.

23 The method of any of claims 21 or 22, wherein the feedback message
includes CS1 feedback for at least one CSI-RS of the plurality of CSI-RSs based at least in

part on the time offset configuration.

24, The method of any of clatms 20 through 23, further comprising:
configuring a set of time offset candidates for the UE, wherein the control

message inclades the set of time offset candidates.

25. The method of any of claims 20 through 24, further comprising:
receiving, from the UE, a UE time offset and at least one CS1 pararneter based
at least in part on the UE time offset, wherein the at least one TSI parameter is included in the

feedback message.

26. The method of any of claims 20 through 25, further comprising:
receiving, from the UE, at least one CSI parameter based at least in part on a

fixed time offset, wherein the at least one C51 parameter is included in the feedback message.

27 A method for wireless communication, comprising:

transnitting, to a user equipment (UE), a first channel state information (CSI)
reference signal {CSI-RS) of a plurality of CSI-RSs over a first set of resources
corresponding to a first beam and a first delay offset; and

receiving, from the UE, a feedback message that includes a first CS1

parameter, wherein the first CSI parameter is based at least in part on the first CSI-RS.

28. The method of claim 27, further comprising:
transmitting, to the UE, a second CSI-RS of the plurality of CSI-RSs overa

second set of resources corresponding to a second beam and # second delay offset, wherein
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the feedback message inclades a second CSI parameter based at least in part on the second

CSI-RS.

28 An apparatus for wireless communication, comprising:

means for receiving, from a base station, a control message comprising at least
one channel state information {CS1) configuration parameter;

means for identitying, by a user equipment (UE), a time offset between a
plurality of virtual antennas of the base station based at least in part on the at least one CS1
configuration parameter;

means for performing, by the UE, measurements of a plurality of €Sl
reference signals (CSI-RSs) associated with the plurality of virtual antennas of the base
station; and

means for transmitting, to the base station, a feedback message based at least

in part on the identified time offset and the measurements of the phurality of CSI-RSs.

30 The apparatus of claim 29, wherein the means for identifying the time
offset comprises:
means for calculating the time offset based at least in part on the at least one

51 configaration parameter.

31. The apparatus of any of claims 29 or 30, wherein the means for
transmitting the feedback message further comprises:
means for transmitting an initial co-phase vector between the plurality of

virtual antennas of the base station.

32 The apparatus of any of claims 29 through 31, wherein the means for
identifving the time offset comprises:

means for receiving an indication of a time offset configuration from the base
station, the time offset configuration determined by one of a core network node or the base

station.

33. The apparatus of claim 32, wherein the indication 15 received via

downlink control information (DCI) or a radio resource control (RR{) message.

34. The apparatus of claim 33, further comprising:
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means for computing CSH feedback for at least one CSI-RS based at least in
part on the time offset configuration, wherein the feedback message includes the computed

81 feedback,

35. The apparatus of any of claims 2% through 34, wherein the control
message comprises downlink control information (BCI) from the base station, the DCI

comprising the at least one CS1 configuration parameter.

36. The apparatus of claim 35, wherein a format of the DCI comprises at

least one of a special DCI format or a DCI format for C51-RS.

37 The apparatus of any of claims 35 or 36, wherein the DCI is for the UE

or a group of UEs including the UE.

38. The apparatus of claim 37, wherein the control message comprises a
radio resource control (RRC) message comprising the at least one CSI configuration

pararoeter.

39 The apparatus of any of claims 29 through 38, further comprising:
means for determining a fixed value of the time offset for use in performing
the measurements, wherein the feedback message is based at least in part on the fixed value

of the time offset.

40 The apparatus of any of claims 29 through 39, wherein the means for
determining the time offset comprises:
means for selecting the time offset from a set of time oifset candidates based

at least in part on the measurements of the plurality of CSI-RSs.

41. The apparatus of claim 40, wherein the time offset candidates are

determined based at least in part on the control message.

42, The apparatus of any of claims 29 through 41, further comprising:

means for determining, based at least in part on the time offset, at least one
(S1 parameter from a group consisting of: a rank indicator, an imitial co-phase indicator, a
precoder matrix indicator, and a channel quality indicator, wherein the determined at least

one CS1 parameter is included in the feedback message.
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43. The apparatus of any of claims 29 through 42, further comprising:
means for selecting, based on a determination that the time offset equals Qor a
determination that a selected CS1 resource corresponds to the time offset equal to §, a closed

loop transmission scheme procedure for transmitting the feedback message.

44. An apparatus for wireless communication, comprising:

means for receiving a first channe] state information (CSI) reference signal
{(CSI-RS) of a plurality of CSI-RSs over a first set of resources corresponding to a first beam
and a first delay offset;

means for determining a first CS1 parameter based at least in part on the first
CSL-RS; and

means for transmitting, to the base station, a feedback message based at least

in part on the determined first CS1 parameter.

45. The apparatus of claim 44, further comprising:

means for receiving a second CSI-RS of the phurality of CSI-RSs overa
second set of resources corresponding to a second beam and a second delay offset;

means for determining a second CSI parameter based at least in part on the
second CSI-RS; and

means for transmitting, to the base station, the feedback message based at least

in part on the determined the second CSI parameter.

46. The apparatus of any of claims 44 or 43, wherein the {eedback
message comprises at least one of a €51 Resource Indicator (CRI), a Rank Indicator (R1), a
Precoder Matrix Indicator (PMI), an initial co-phase indicator, a Channel Quality Indicator

(CQI), or a combination thereof.

47. The apparatus of any of claims 44 through 46, further comprising:
means for selecting a closed loop transmission scheme procedure for

transmitting the feedback message.

48. An apparatus for wireless conununication, comprising:
means for transmitting, by a base station, a control message comprising at
least one channel state information (CS1) configuration parameter and a request to report a

tirne offset between a plurality of virtual antennas of the base station and measurements of a
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plurality of CS1 reference signals (CSI-RSs) associated with the plurality of virtual antennas
of the base station; and

means for receiving, from a user equipment (UE) and in response to the
request, a feedback message based at least in part on the time offset and the measurements of

the plurality of CSI1-RSs.

49 The apparatus of claim 48, further comprising:
means for transmitting, to the UE, an indication of a time offset configuration,

the time offset configuration determined by one of a core network node or the base station.

5¢. The apparatus of claim 49, wherein the indication is transmitted via
downlink control information (DI, a radio resource control message, or within the control

message.

51, The apparatus of any of claims 49 or 30, wherein the {eedback
message includes TSI feedback for at least one CSI-RS of the plurality of CS51-RSs based at

least in part on the time offset configuration.

52. The apparatus of any of claims 48 through 51, further comprising:
means for configuring a set of time offset candidates for the UE, wherein the

control message includes the set of time offset candidates.

53. The apparatus of any of claims 48 through 52, further comprising:
means for receiving, from the UE, a UE time offset and at least one CSI
parameter based at least in part on the UE time offset, wherein the at least one CS1 parameter

is included in the feedback message.

34, The apparatus of any of claims 48 through 53, further comprising:
means for receiving, from the UE, at least one CS1 parameter based at least in
part on a fixed time offset, wherein the at least one CSI parameter is included in the feedback

message.

55, An apparatus for wireless communication, comprising:
means for transmitting, to a user equipment (UE), a first channel state
information (CSI) reference signal (CS1-RS) of a plurality of (CSI-RSs over a first set of

resources corresponding to a first beam and a first delay offset; and
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means for receiving, from the UE, a feedback message that includes a {irst TS

parameter, wherein the first CSI parameter is based at least in part on the first CSI-RS.

56. The apparatus of claim 55, further comprising:

means for transmitting, to the UE, a second CSE-RS of the plurality of C5I-
RSs over a second set of resources corresponding to a second beam and a second delay offset,
wherein the feedback message includes a second CSI parameter based at least in part on the

second CSI-RS.

57. An apparatus for wireless communication, comprising:
a Processor;
memory in electronic communication with the processor; and
instractions stored in the memory and operable, when executed by the
processor, to cause the apparatus to:
receive, from a base station, a control message comprising at least one
channel state information {CS1) configuration parameter;
identify, by a user equipment (UE}, a time offset between a plorality of
virtual antennas of the base station based at least in part on the at least one C51
configuration parameter;
perform, by the UE, measurements of a plurality of TSI reference
signals (CS1-R8s) associated with the plurality of virtual antennas of the base station;
and
transmit, to the base station, a feedback message based at lgast in part

on the identified time offset and the measurements of the plurality of CSI-RSs.

58. The apparatus of claimm 57, wherein the instructions are further
executable by the processor to:
calculate the time offset based at least in part on the at least one TS

configuration parameter.

59, The apparatus of any of claims 57 or 38, wherein the instructions arg
further executable by the processor to:
transmit an initial co-phase vector between the plurality of virtual antennas of

the base station.
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6. The apparatus of any of claims 57 through 59, wherein the instructions
are further executable by the processor to:
receive an indication of a time offset configuration from the base station, the

time offset configuration determined by one of a core network node or the base station.

61. The apparatus of claim 60, wherein the indication is received via

downlink control information (DCI) or a radio resource control (RRC) message.

62. The apparatus of claim 61, wherein the instructions are further
executable by the processor to:

compute TS feedback for at least one CSI-RS based at least in part on the
time offset configuration, wherein the feedback message includes the computed 51

feedback.

63. The apparatus of any of claims 57 through 62, wherein the control
message comprises downlink control information (DCI) from the base station, the DCI

comprising the at least one CS1 configuration parameter.

64. The apparatus of claim 63, wherein a format of the BCI comprises at

least one of a special DCI format or a DCI {ormat for CSI-RS.

65. The apparatus of any of claims 63 or 64, wherein the DCl is for the UE

or a group of UHs including the UE.

66. The apparatus of claim 63, wherein the control message comprises a
radio resource control (RRC) message comprising the at Jeast one CSI configuration

parameter.

67. The apparatus of any of claims 57 through 66, wherein the instructions
are further executable by the processor to:

determine a fixed value of the time offset for use in performing the
measurements, wherein the feedback message is based at least in part on the fixed value of

the time offset.

68. The apparatus of any of claims 57 through 67, wherein the instructions

are further executable by the processor to:
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56
select the time offset from a set of time offset candidates based at least in part

on the measurements of the plurality of CSI-R35s.

69. The apparatus of claim 68, wherein the time offset candidates are

determined based at least in part on the control message.

746 The apparatus of any of claims 37 through 69, wherein the instructions
are finrther executable by the processor to:

determine, based at least in part on the time offset, at least one CSI parameter
from a group consisting of: a rank indicator, an initial co-phase indicator, a precoder matrix
indicator, and a channe! quality indicator, wherein the determined at least one CSI parameter

is included in the feedback message.

71. The apparatus of any of claims 57 through 70, wherein the instructions
are further executable by the processor to:

select, based on a determination that the time offset equals Q or a
determination that a selected CSI resource corresponds to the time offset equal to 0, a closed

Ioop transmission scheme procedure for transmitting the feedback message.

72. An apparatus for wireless communication, comprising:
4 Processor;
memory in electronic communication with the processor; and
instructions stored in the memory and operable, when executed by the
processor, to caase the apparatus o
receive a first channel state information (CSI) reference signal (CSI-
RS} of a plurality of C51-RSs over a {irst set of resources corresponding to a first
beam and a first delay offset;
determine a first CSI parameter based at Jeast in part on the first CSI-
RS; and
transmit, to the base station, a feedback message based at least in part

on the determined {irst CSI parameter.

73. The apparatus of claim 72, wherein the instractions are further
executable by the processor to:
receive a second CSI-RS of the plurality of USE-RSs over a second set of

resources corresponding to a second beam and a second delay offset;
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determine a second CSI parameter based at least in part on the second CSI-RS;
and
transmit, to the base station, the feedback message based at least in part on the

determined the second CS1 parameter.

74. The apparatus of any of claims 72 or 73, wherein the feedback
message comprises at least one of a CS1 Resowrce Indicator (CRI), a Rank Indicator (RI), a
Precoder Matrix Indicator (PM1}, an initial co-phase indicator, a Channel Quality Indicator

(CQL, or a combination thereof.

75. The apparatus of any of claims 72 through 74, wherein the instructions
are further executable by the processor to:
select a closed loop transmission scheme procedure for transmitting the

feedback message.

76. An apparatus for wireless communication, comprising:
a Processor;
memory in elecironic communication with the processor; and
instructions stored in the memory and operable, when executed by the
processor, to cause the apparatus to:
transmit, by a base station, a control message comprising at least one
channel state information {CSI) configuration parameter and a request to report a time
offset between a plurality of virtual antennas of the base station and measurements of
a plurality of CS1i reference signals (CS1-RS5s) associated with the plurality of virtual
antennas of the base station; and
receive, from a user equipment (LJE) and in response to the request, a
feedback message based at least in part on the time offset and the measurements of

the plurality of C51-RSs.

77. The apparatus of claim 76, wherein the instructions are further
executable by the processor to:
transmit, to the UE, an indication of a time offset configuration, the time offset

configuration determined by one of a core network node or the base station.
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78. The apparatus of claim 77, wherein the indication is transmitted via
downlink control information (DI, a radio resource control message, or within the control

message.

79. The apparatus of any of claims 77 or 78, wherein the feedback
message includes TSl feedback for at least one CSI-RS of the plurality of CS51-RSs based at

least in part on the time offset configuration.

84 The apparatus of any of claims 76 through 79, wherein the instructions
are finrther executable by the processor to:
configure a set of time offset candidates for the UE, wherein the control

message includes the set of time offset candidates.

81. The apparatus of any of claims 76 through 80, wherein the instructions
are further executable by the processor to:

receive, from the UE, a UE time offset and at least one CSI parameter based at
least in part on the UE time offset, wherein the at least one CS1 parameter is included in the

feedback message.

82. The apparatus of any of claims 76 through 81, wherein the instructions
are finrther executable by the processor to:
receive, from the UE, at least one CS1 parameter based at least in partona

fixed time offset, wherein the at least one TSI parameter is included in the feedback message.

83. An apparatus for wireless conununication, comprising:
a processor;
memory in electronic communication with the processor; and
instructions stored in the memory and operable, when executed by the
processor, to cause the apparatas to:
transmit, 1o a user equipment (UE)}, a first channel state information
{CSD reference signal (CSI-RS) of a plurality of CSI-RSs over a first set of resources
corresponding to a first beam and a first delay offset; and
receive, from the UE, a feedback message that includes a first TSI
parameter, wherein the first CSI parameter is based at least in part on the first CSI-
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84. The apparatus of claim 83, wherein the instructions are further
executable by the processor to:

transmit, to the UE, a second CSI-RS of the phurality of CSI-RSs over a
second set of resources corresponding to a second beam and a second delay offset, wherein
the feedback message inchudes a second CSI parameter based at least in part on the second

CSI-RS.

85. A non-transitory computer readable medium storing code for wireless
communication, the code comprising instructions executable by a processor to:

receive, from a base station, a control message comprising at least one channel
state information (CS1) configuration parameter;

identify, by a user equipment (UE), a time offset between a plurality of virtual
antennas of the base station based at least in part on the at least one CSI configuration
parameter;

perform, by the UE, measarements of a plarality of CSI reference signals
(CS1-RSs) associated with the plurality of virtaal antennas of the base station; and

transiit, to the base station, a feedback message based at least in part on the

identified time offset and the measurements of the plurality of CSI-RSs.

86. The non-transitory computer-readable mediam of claim 85, wherein
the instructions are further executable by the processor to:
calculate the time offset based at least in part on the at least one CS1

configuration parameter.

87. The non-transitory computer-readable medium of any of clains 85 or
86, wherein the instructions are further executable by the processor to:
transmit an initial co-phase vector between the plarality of virtual antennas of

the base station.

88. The non-transitory computer-readable medium of any of claims 85
through &7, wherein the instructions are further executable by the processor to:
receive an indication of a time offset configuration from the base station, the

tirne offset configuration determined by one of a core network node or the base station.
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89. The non-transitory computer-readable medium of claim 88, wherein
the indication is received via downlink control information (BCI) or a radio resource controd

{RR{) message.

4. The non-transitory computer-readable mediom of claim 89, wherein
the instructions are further executable by the processor to:

compute CS1 feedback {or at least one CSI-RS based at least in part on the
time offset configuration, wherein the feedback message includes the computed CSI

feedback.

9i. The non-transitory computer-readable medium of any of claims 85
through 90, wherein the control message comprises downlink control information (DCE) from

the base station, the DCI comprising the at least one US1 configuration parameter.

82 The non-transitory computer-readable mediam of claim 91, wherein a
format of the DCI comprises at least one of a special DCI format or a DCI format for CS1-

RS.

93, The non-transitory computer-readable medium of any of claims 91 or

92, wherein the DCI is for the UE or a group of UEs including the UE.

94, The non-transitory computer-readable medivem of claim 93, wherein
the control message comprises a radio resource control (RRC) message comprising the at

least one CSI configuration parameter,

9s. The non-transitory computer-readable medium of any of claims 85
through 94, wherein the instructions are further executable by the processor to:

determine a fixed value of the time offset for use in performing the
measurements, wherein the feedback message 15 based at least in part on the fixed value of

the time oifset,

96. The non-transitory computer-readable medium of any of clains 85
through 95, wherein the instractions are further executable by the processor to:
select the time offset from a set of time offset candidates based at least in part

on the measurements of the plurality of CS51-RSs.
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97. The non-transitory computer-readable medium of claim 96, wherein

the time offset candidates are determined based at least in part on the control message.

98. The non-transitory computer-readable mediam of any of claims 85
through 97, wherein the instructions are further execuotable by the processor to:

determine, based at least in part on the time offset, at least one U51 parameter
from a group consisting of: a rank indicator, an initial co-phase indicator, a precoder matrix
indicator, and a channel quality indicator, wherein the determined at least one CSI parameter

is included in the feedback message.

99. The non-transitory computer-readable medium of any of claims 85
through 98, wherein the instructions are further executable by the processor to

select, based on a determination that the time offset equals D or a
determination that a selected CS1 resource corresponds to the time offset equal to O, a closed

loop transmission scheme procedure for transmitting the feedback message.

108, A non-transitory computer readable medium storing code for wireless
communication, the code comprising instructions executable by a processor to:

recetve a first channel state information (CSI) reference signal (CSI-RS) of a
plurality of CSI-RSs over a first set of resources corresponding to a first beam and a first
delay offset;

determine a first CS1 parameter based at least in part on the first CSI-RS; and

transmit, to the base station, a feedback message based at least in part on the

determined first CS1 parameter,

101,  The non-transitory compuier-readable medium of claim 100, wherein
the instructions are further executable by the processor to:

receive a second CSI-RS of the plurality of CSE-RSs over a second set of
resources corresponding to a second beam and a second delay offset;

determine a second CSI parameter based at least in part on the second CSI-RS;
and

transmit, to the base station, the feedback message based at least in part on the

determined the second CS1 parameter.
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182. The non-transitory computer-readable medium of any of claims 100 or
101, wherein the feedback message comprises at least one of a TSI Resource Indicator (CRI),
a Rank Indicator {R1}, a Precoder Matrix Indicator {(PMI), an initial co-phase indicator, a

Channel Quality Indicator (CQD), or a combination thereof.

1863, The non-transitory computer-readable medium of any of claims 160
through 102, wherein the instructions are further executable by the processor to:
select a closed loop transmission scheme procedure for transmitting the

feedback message.

164, A non-transitory computer readable medium storing code for wireless
communication, the code comprising instructions executable by a processor to:

transimit, by a base station, a control message comprising at least one channel
state information (CSI) configuration parameter and a request to report a time offset between
a plurality of virtual antennas of the base station and measurements of a plurality of CS1
reference signals (CSI-RSs) associated with the plurality of virtual antennas of the base
station; and

receive, from a user equipment (UE) and in response to the request, a feedback
message based at least in part on the time offset and the measurements of the plurality of

{CSI-RSs.

185, The non-transitory computer-readable mediam of claim 104, wherein
the instructions are further executable by the processor to:
transmit, to the UE, an indication of a time offset configuration, the time offset

configuration determined by one of a core network node or the base station.

186. The non-transitory computer-readable medivm of claim 105, wherein
the indication is transmitted via downlink control information (BCI, a radio resource controd

message, or within the control message.

167. The non-transitory computer-readable medium of any of claims 105 or
106, wherein the feedback message includes CS1 feedback for at least one C51-R5 of the

plurality of CSI-RSs based at least in part on the time offset configuration.
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188. The non-transitory computer-readable mediuim of any of claims 104
through 107, wherein the instructions are further executable by the processor to:
configure a set of time offset candidates for the UE, wherein the control

message includes the set of time offset candidates.

186%.  The non-transitory computer-readable medium of any of claims 104
through 108, wherein the instructions are forther executable by the processor to:

recetve, from the UE, a UE time offset and at least one CSTI parameter based at
least in part on the UE time offset, wherein the at least one CSI parameter is included in the

feedback message.

118, The non-transitory computer-readable mediuim of any of claims 104
through 109, wherein the instructions are further executable by the processor to:
receive, from the UE, at least one CSI parameter based at Jeast in part on a

fixed time offset, wherein the at least one CSI parameter is included in the feedback message.

11i. A non-transitory computer readable medium storing code for wireless
communication, the code comprising instructions executable by a processor to:

transmit, to a user equipment (UE), a first channel state information (CS1)
reference signal {(CSI-RS) of 2 plurality of CSI-RSs over a first set of resources
corresponding to a first beam and a first delay offset; and

receive, from the UE, a feedback message that includes a first CS1 parameter,

wherein the first CS1 parameter is based at least in part on the first CSI-RS.

112, The non-transitory compuier-readable mediom of claim 111, wherein
the instructions are further executable by the processor to:

transmit, to the UE, a second CSI-RS of the plurality of CSL-RSs overa
second set of resources corresponrding to a second beam and a second delay offset, wherein
the feedback message includes a second CS1 parameter based at least in part on the second

CSE-RS.
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