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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.SC. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organizaticn, pursuant to the Patent CooperationTreaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 1.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant {i.e., GS5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION
IN UE AND BASE STATION

BACKGROUND
Cross Reference to Related Disclosure

This disclosure claims the priority benefit of Chinese Patent Application

201710318202 .4, filed on May 8, 2017, all of which is incorporated herein by reference.

TECHNICAL FIELD

[0001] The present disclosure relates to transmission schemes of radio signals in wireless
communication systems, and in particular to a method and a device for multi-antenna

transmission.

RELATED ART

[0002] Massive Multi-Input Multi-Output (MIMO) becomes one research hotspot of
next-generation mobile communications. In the massive MIMO, multiple antennas experience
beamforming to form a relatively narrow beam which points to a particular direction to improve
the quality of communication. The massive MIMO can also form different directions through
multiple antennas to serve multiple users simultaneously, thereby forming Multi-User MIMO
(MU-MIMO), and thus improving the throughput of the massive MIMO system and reducing

the delay of transmission.

[0003] In 3GPP New Radio discussion, there is some company proposing to increase the
robustness of transmission using a relatively wide beam transmitting Physical Downlink
Control Channel (PDCCH) and to increase the Signal-to-Noise Ratio (SNR) using a relatively
narrow beam transmitting Physical Downlink Shared Channel (PDSCH). There is also some
company proposing to use the PDCCH to cross-slot indicate the transmission beam of the
PDSCH, so as to solve the problem of delay between a User Equipment (UE) acquiring the
transmission beam of the PDSCH from the PDCCH and conducting PDSCH receiving using the
beam information indicated by the PDCCH.

SUMMARY

[0004] In one embodiment, the inventor finds through research that cross-slot beam indication

would result in reduction of dynamic of beam information, increase of overhead of control
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signaling, reduction of dynamic of scheduling, and other problems. A UE with high processing
capacity can decode the PDCCH in a short time to obtain beam information that is used for
receiving the PDSCH that is in the time slot of the PDCCH, and adjust a receiving beam to
receive a multicarrier symbol in which the PDSCH is located. However, the delay in PDSCH

transmission caused by decoding PDCCH would result in underutilization of system resources.

[0005] In view of the above problems, the present disclosure provides a solution. It should be
noted that the embodiments of the present disclosure and the characteristics in the embodiments
may be mutually combined if there is no conflict. For example, the embodiments of the base
station of the present disclosure and the characteristics in the embodiments may be applied to

the UE, and vice versa.

[0006] The present disclosure discloses a method in a UE used for wireless communication.

The method includes the following steps:
[0007] receiving a first radio signal.

[0008] Herein, the first radio signal is transmitted within a first time unit, a first bit block is
used for generating the first radio signal, and the first radio signal includes G multicarrier
symbols. As for any one given multicarrier symbol of the G multicarrier symbols, the
multi-antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect to a
first time point in time domain. The first time point is one time point within the first time unit. G

is a positive integer.

[0009] In one embodiment, the above method is advantageous in that the multi-antenna
related receiving for the first radio signal is configured flexibly according to the delay

requirements of multi-antenna related receiving.
[0010] In one embodiment, the first radio signal is a PDSCH.

[0011] In one embodiment, the first radio signal is a consecutive data transmission block in

time domain.

[0012] In one embodiment, the first radio signal is G consecutive multicarrier symbols in time

domain.
[0013] In one embodiment, the first time unit is a subframe.

[0014] In one embodiment, the subframe includes 14 Orthogonal Frequency Division

2
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Multiplexing (OFDM) symbols.

[0015] In one embodiment, the first time unit is a time slot.

[0016] In one embodiment, the time slot includes 7 OFDM symbols.

[0017] In one embodiment, the first time unit is a Transmission Time Interval (TTI).

[0018] In one embodiment, the first time unit only includes a Downlink Control Information

(DCI) that is used for indicating downlink assignment.

[0019] In one embodiment, all bits in the first bit block are used for generating the first radio
signal.

[0020] In one embodiment, partial bits in the first bit block are used for generating the first
radio signal.

[0021] In one embodiment, the first bit block is a transmission block.

[0022] In one embodiment, the first bit block is subjected to steps of Circular Redundancy
Check (CRC) addition, segmentation, channel coding, rate matching, scrambling, modulation,

antenna mapping to form the first radio signal.
[0023] In one embodiment, the first bit block is a subblock in a transmission block.

[0024] In one embodiment, the first bit block is one of the multiple bit subblocks that are

formed after one transmission block is added with CRC and is segmented.

[0025] In one embodiment, the first bit block is subjected to steps of channel coding, rate

matching, scrambling, modulation and antenna mapping to form the first radio signal.

[0026] In one embodiment, multiple bit blocks are one-to-one corresponding to multiple

layers of signals in the first radio signal, and the first bit block is one of the multiple bit blocks.
[0027] In one embodiment, the multicarrier symbol is an OFDM symbol.

[0028] In one embodiment, the multicarrier symbol is a Filter Bank Multiple Carrier (FBMC)
symbol.

[0029] In one embodiment, the multi-antenna related receiving refers to an analog receiving

beam.

[0030] In one embodiment, the multi-antenna related receiving refers to a transmitting

3
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antenna port assumed by the UE.

[0031] In one embodiment, the G multicarrier symbols are G consecutive multicarrier

symbols.
[0032] In one embodiment, the first radio signal consists of G multicarrier symbols.

[0033] In one embodiment, the first radio signal includes a multicarrier symbol not in the G

multicarrier symbols.

[0034] In one embodiment, if the given multicarrier symbol is before the first time point in
time domain, a first multi-antenna receiving mode is employed for the multi-antenna related
receiving of the given multicarrier symbol; if the given multicarrier symbol is behind the first
time point in time domain, a second multi-antenna receiving mode is employed for the
multi-antenna related receiving of the given multicarrier symbol. The first multi-antenna

receiving mode differs from the second multi-antenna receiving mode.

[0035] In one embodiment, the first multi-antenna receiving mode and the second

multi-antenna receiving mode use different analog beams to receive, respectively.

[0036] In one embodiment, the first multi-antenna receiving mode and the second
multi-antenna receiving mode assume different transmitting antenna ports to transmit,

respectively.

[0037] In one embodiment, the antenna receiving gain corresponding to the second
multi-antenna receiving mode is greater than the antenna receiving gain corresponding to the

first multi-antenna receiving mode.

[0038] In one embodiment, the transmission reliability corresponding to the first
multi-antenna receiving mode is greater than the transmission reliability corresponding to the

second multi-antenna receiving mode.

[0039] In one embodiment, the second multi-antenna receiving mode uses a beam narrower

than that of the first multi-antenna receiving mode.

[0040] In one embodiment, the G multicarrier symbols are all before the first time point in

time domain, and the multi-antenna related receiving for the G multicarrier symbols is the same.

[0041] In one embodiment, the G multicarrier symbols are all behind the first time point in

time domain, and the multi-antenna related receiving for the G multicarrier symbols is the same.
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[0042] In one embodiment, G1 multicarrier symbols of the G multicarrier symbols are before
the first time point in time domain, G2 multicarrier symbols of the G multicarrier symbols are
behind the first time point in time domain, the multi-antenna related receiving for the Gl
multicarrier symbols is the same, the multi-antenna related receiving for the G2 multicarrier
symbols is the same, the multi-antenna related receiving for the G1 multicarrier symbols and the
multi-antenna related receiving for the G2 multicarrier symbols are different. G1 and G2 are

positive integers.

[0043] In one embodiment, the first time point is an index value of one multicarrier symbol

within the first time unit.

[0044] According to one aspect of the present disclosure, the method includes the following

steps:
[0045] receiving a second radio signal.

[0046] The second radio signal is transmitted within the first time unit, and the second radio

signal is used for determining a time-domain resource occupied by the G multicarrier symbols.

[0047] In one embodiment, the above method is advantageous in that the time-domain

resource occupied by the G multicarrier symbols is configured flexibly.
[0048] In one embodiment, the second radio signal is a PDCCH.
[0049] In one embodiment, the second radio signal is an Enhanced PDCCH (ePDCCH).

[0050] In one embodiment, the second radio signal indicates explicitly the time-domain

resource occupied by the G multicarrier symbols

[0051] In one embodiment, the second radio signal indicates implicitly the time-domain

resource occupied by the G multicarrier symbols
[0052] In one embodiment, the second radio signal is a DCI carrying downlink assignment.

[0053] In one embodiment, the first time unit is composed of N1 multicarrier symbols in
which the second radio signal is located and N2 multicarrier symbols. N2 is not smaller than G
The second radio signal is used for determining the G multicarrier symbols of the N multicarrier

symbols. N1 and N2 are positive integers.

[0054] In one embodiment, the first time unit is composed of N1 multicarrier symbols in
which the second radio signal is located and G multicarrier symbols. The N1 multicarrier

5
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symbols are used for determining the G multicarrier symbols. N1 is a positive integer.

[0055] According to one aspect of the present disclosure, if the time-domain resource
occupied by the given multicarrier symbol is behind the first time point, the second radio signal
is used for determining the multi-antenna related receiving for the given multicarrier symbol; or,
if the time-domain resource occupied by the given multicarrier symbol is before the first time
point, the multi-antenna related receiving for the given multicarrier symbol is related to the

multi-antenna related receiving for the second radio signal.

[0056] In one embodiment, the above method is advantageous in that the dynamic of the

multi-antenna related receiving is increased.

[0057] In one embodiment, the above method is advantageous in that the delay in the
receiving of the first radio signal resulted from the delay in the decoding of the second radio

signal is avoided.

[0058] In one embodiment, the above method is advantageous in that, before the first time
point, the PDSCH receives the multicarrier symbol of the PDSCH before the first time point
using the same beam used for receiving the PDCCH, thereby avoiding the problem of the delay
in PDSCH transmission resulted from the delay in PDCCH decoding.

[0059] In one embodiment, if the time-domain resource occupied by the given multicarrier
symbol is behind the first time point, the second radio signal is used for determining the
multi-antenna related receiving for the given multicarrier symbol; or, if the time-domain
resource occupied by the given multicarrier symbol is before the first time point, the
multi-antenna related receiving for the given multicarrier symbol is related to the multi-antenna

related receiving for the second radio signal.

[0060] In one embodiment, the second radio signal indicates explicitly the multi-antenna

related receiving for the given multicarrier symbol.

[0061] In one embodiment, the second radio signal indicates implicitly the multi-antenna

related receiving for the given multicarrier symbol.

[0062] In one embodiment, the receiving beam for the given multicarrier symbol is the same

as the receiving beam for the second radio signal.

[0063] In one embodiment, the assumed transmitting antenna port for the given multicarrier

symbol is the same as the assumed transmitting antenna port for the second radio signal.
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[0064] According to one aspect of the present disclosure, the multi-antenna related receiving
refers to a corresponding beamforming vector used for receiving; or, the multi-antenna related

receiving refers to a corresponding antenna port used for transmitting.

[0065] In one embodiment, the above method is advantageous in that the beam used for

transmitting data is adjusted flexibly to improve the antenna array gain.

[0066] In one embodiment, the index value of the receiving beam is used for indicating the

beamforming vector used for receiving.

[0067] In one embodiment, the index value of a first beam pair is used for indicating the
beamforming vector used for receiving, and the first beam consists of a transmitting vector and

a receiving vector.
[0068] In one embodiment, the beamforming vector is an analog beamforming vector.

[0069] In one embodiment, the beamforming vector is one beamforming vector consisting of

an analog beamforming vector and a digital beamforming vector.

[0070] In one embodiment, the antenna port is formed by multiple physical antennas through
antenna virtualization overlay. Mapping coefficients of the antenna port to the multiple physical
antennas compose a beamforming vector, which is used for the antenna virtualization to form a

beam.

[0071] In one embodiment, a first reference signal is transmitted through the antenna port
used for transmitting, a small-scale channel parameter experienced by the first reference signal
is used for determining the small-scale channel parameter experienced by the first radio signal,
the first reference signal is indicated associated with a second reference signal, a big-scale
channel parameter experienced by the second reference signal is used for determining the

big-scale channel parameter experienced by the first radio signal.

[0072] In one subembodiment, the first reference signal is indicated Quasi Co-Located (QCL)

with the second reference signal.

[0073] According to one aspect of the present disclosure, the method includes the following

steps:
[0074] receiving first information.

[0075] The first information is used for determining the first time point.
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[0076] In one embodiment, the above method is advantageous in that the first time point is

configured flexibly according to the UE capability and system situations.
[0077] In one embodiment, the first information indicates explicitly the first time point.
[0078] In one embodiment, the first information indicates implicitly the first time point.

[0079] In one embodiment, the first time point is an index of one multicarrier symbol in the

first time unit.
[0080] In one embodiment, the first information is a high-layer signaling.

[0081] In one embodiment, the first information is a Radio Resource Control (RRC)
signaling.

[0082] According to one aspect of the present disclosure, the method includes the following
steps:

[0083] transmitting second information.
[0084] The second information is used for determining the first time point.

[0085] In one embodiment, the above method is advantageous in that the UE can assist the
base station to determine the first time point by indicating the processing capability of the UE to

the base station, thereby optimizing the performance of the system.

[0086] In one embodiment, the second information indicates explicitly the first time point.
[0087] In one embodiment, the second information indicates implicitly the first time point.
[0088] In one embodiment, the second information is an RRC signaling.

[0089] In one embodiment, the second information is transmitted in a Message 3 in the

random access process.

[0090] According to one aspect of the present disclosure, the method includes the following

steps:
[0091] receiving third information.

[0092] The third information is used for determining a candidate scheme for the

multi-antenna related receiving corresponding to the G multicarrier symbols.
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[0093] In one embodiment, the above method is advantageous in that the candidate scheme
for the multi-antenna related receiving corresponding to the G multicarrier symbols is

configured flexibly.

[0094] In one embodiment, the third information indicates explicitly the candidate scheme for

the multi-antenna related receiving corresponding to the G multicarrier symbols.

[0095] In one embodiment, the third information indicates implicitly the candidate scheme for

the multi-antenna related receiving corresponding to the G multicarrier symbols.

[0096] In one embodiment, the candidate scheme for the multi-antenna related receiving
corresponding to the G multicarrier symbols includes a first multi-antenna receiving mode and a
second multi-antenna receiving mode. The first multi-antenna receiving mode differs from the
second multi-antenna receiving mode. If the given multicarrier symbol is before the first time
point in time domain, the first multi-antenna receiving mode is employed for the multi-antenna
related receiving of the given multicarrier symbol; if the given multicarrier symbol is behind the
first time point in time domain, the second multi-antenna receiving mode is employed for the

multi-antenna related receiving of the given multicarrier symbol.

[0097] In one embodiment, the candidate scheme for the multi-antenna related receiving
corresponding to the G multicarrier symbols includes multiple candidate beams used for

receiving.

[0098] In one embodiment, the candidate scheme for the multi-antenna related receiving
corresponding to the G multicarrier symbols includes multiple candidate beamforming vectors

used for receiving.

[0099] In one embodiment, the third information is a DCI.

[00100] In one embodiment, the third information is transmitted on the PDCCH.
[00101] In one embodiment, the third information is carried in the second radio signal.

[00102] In one embodiment, one of the candidate scheme for the multi-antenna related

receiving corresponding to the G multicarrier symbols is carried by the second radio signal.
[00103] In one embodiment, the third information is a high-layer signaling.
[00104] In one embodiment, the third information is an RRC signaling.

[00105] In one embodiment, the third information is used for determining the

9
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multi-antenna related receiving corresponding to the second radio signal.

[00106] In one embodiment, the third information indicates explicitly the multi-antenna

related receiving corresponding to the second radio signal.

[00107] In one embodiment, the third information indicates implicitly the multi-antenna

related receiving corresponding to the second radio signal.

[00108] The present disclosure discloses a method in a base station device used for wireless

communication. The method includes the following steps:
[00109] transmitting a first radio signal.

[00110] Herein, the first radio signal is transmitted within a first time unit, a first bit block
is used for generating the first radio signal, and the first radio signal includes G multicarrier
symbols. As for any one given multicarrier symbol of the G multicarrier symbols, the
multi-antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect to a
first time point in time domain. The first time point is one time point within the first time unit. G

is a positive integer.

[00111] According to one aspect of the present disclosure, the method includes the

following steps:
[00112] transmitting a second radio signal.

[00113] The second radio signal is transmitted within the first time unit, and the second
radio signal is used for determining a time-domain resource occupied by the G multicarrier

symbols.

[00114] According to one aspect of the present disclosure, if the time-domain resource
occupied by the given multicarrier symbol is behind the first time point, the second radio signal
is used for determining the multi-antenna related receiving for the given multicarrier symbol; or,
if the time-domain resource occupied by the given multicarrier symbol is before the first time
point, the multi-antenna related receiving for the given multicarrier symbol is related to the

multi-antenna related receiving for the second radio signal.

[00115] According to one aspect of the present disclosure, the multi-antenna related
receiving refers to a corresponding beamforming vector used for receiving; or, the

multi-antenna related receiving refers to a corresponding antenna port used for transmitting.

10
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[00116] According to one aspect of the present disclosure, the method includes the

following steps:
[00117] transmitting first information.
[00118] The first information is used for determining the first time point.

[00119] According to one aspect of the present disclosure, the method includes the

following steps:
[00120] receiving second information.
[00121] The second information is used for determining the first time point.

[00122] According to one aspect of the present disclosure, the method includes the

following steps:
[00123] transmitting third information.

[00124] The third information is used for determining a candidate scheme for the

multi-antenna related receiving corresponding to the G multicarrier symbols.

[00125] The present disclosure discloses a UE used for wireless communication. The UE

includes:
[00126] a first transceiver module, to receive a first radio signal.

[00127] Herein, the first radio signal is transmitted within a first time unit, a first bit block
is used for generating the first radio signal, and the first radio signal includes G multicarrier
symbols. As for any one given multicarrier symbol of the G multicarrier symbols, the
multi-antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect to a
first time point in time domain. The first time point is one time point within the first time unit. G

1s a positive integer.

[00128] In one embodiment, the above UE is characterized in that the first transceiver
module is further configured to receive a second radio signal, the second radio signal is
transmitted within the first time unit, and the second radio signal is used for determining a

time-domain resource occupied by the G multicarrier symbols.
[00129] In one embodiment, the above UE is characterized in that if the time-domain

11
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resource occupied by the given multicarrier symbol is behind the first time point, the second
radio signal is used for determining the multi-antenna related receiving for the given
multicarrier symbol; or, if the time-domain resource occupied by the given multicarrier symbol
is before the first time point, the multi-antenna related receiving for the given multicarrier

symbol is related to the multi-antenna related receiving for the second radio signal.

[00130] In one embodiment, the above UE is characterized in that the multi-antenna related
receiving refers to a corresponding beamforming vector used for receiving; or, the

multi-antenna related receiving refers to a corresponding antenna port used for transmitting.

[00131] In one embodiment, the above UE is characterized in that the first transceiver
module is further configured to receive first information, the first information being used for

determining the first time point.

[00132] In one embodiment, the above UE is characterized in that the first transceiver
module is further configured to transmit second information, the second information being used

for determining the first time point.

[00133] In one embodiment, the above UE is characterized in that the first transceiver
module is further configured to receive third information, the third information being used for
determining a candidate scheme for the multi-antenna related receiving corresponding to the G

multicarrier symbols.

[00134] The present disclosure discloses a base station device used for wireless

communication. The base station device includes:
[00135] asecond transceiver module, to transmit a first radio signal.

[00136] Herein, the first radio signal is transmitted within a first time unit, a first bit block
is used for generating the first radio signal, and the first radio signal includes G multicarrier
symbols. As for any one given multicarrier symbol of the G multicarrier symbols, the
multi-antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect to a
first time point in time domain. The first time point is one time point within the first time unit. G

is a positive integer.

[00137] In one embodiment, the above base station device is characterized in that the
second transceiver module is further configured to transmit a second radio signal, the second
radio signal is transmitted within the first time unit, and the second radio signal is used for

12
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determining a time-domain resource occupied by the G multicarrier symbols.

[00138] In one embodiment, the above base station device is characterized in that if the
time-domain resource occupied by the given multicarrier symbol is behind the first time point,
the second radio signal is used for determining the multi-antenna related receiving for the given
multicarrier symbol; or, if the time-domain resource occupied by the given multicarrier symbol
is before the first time point, the multi-antenna related receiving for the given multicarrier

symbol is related to the multi-antenna related receiving for the second radio signal.

[00139] In one embodiment, the above base station device is characterized in that the
multi-antenna related receiving refers to a corresponding beamforming vector used for receiving;
or, the multi-antenna related receiving refers to a corresponding antenna port used for

transmitting.

[00140] In one embodiment, the above base station device is characterized in that the
second transceiver module is further configured to transmit first information, the first

information being used for determining the first time point.

[00141] 1In one embodiment, the above base station device is characterized in that the
second transceiver module is further configured to receive second information, the second

information being used for determining the first time point.

[00142] In one embodiment, the above base station device is characterized in that the
second transceiver module is further configured to transmit third information, the third
information being used for determining a candidate scheme for the multi-antenna related

receiving corresponding to the G multicarrier symbols.

[00143] In one embodiment, compared with traditional schemes, the present disclosure has

the following advantages:

[00144] the dynamic of the multi-antenna related receiving is increased;
[00145] the overhead of control signaling is saved;

[00146] the dynamic of scheduling is increased; and

[00147] the gain of transmission is improved.

BRIEF DESCRIPTION OF THE DRAWINGS
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[00148] Other features, purposes and advantages of the present disclosure will become
more apparent from the detailed description of non-restrictive embodiments taken in

conjunction with the following drawings.

[00149] FIG 1 is a flowchart illustrating a first radio signal according to one embodiment

of the present disclosure.

[00150] FIG 2 is a diagram illustrating a network architecture according to one

embodiment of the present disclosure.

[00151] FIG 3 is a diagram illustrating an embodiment of a radio protocol architecture of a

user plane and a control plane according to one embodiment of the present disclosure.

[00152] FIG 4 is a diagram illustrating an evolved node B and a UE according to one

embodiment of the present disclosure.

[00153] FIG 5 is a flowchart illustrating wireless transmission according to one

embodiment of the present disclosure.

[00154] FIG 6 is a diagram illustrating a first radio signal according to one embodiment of

the present disclosure.

[00155] FIG 7 is a diagram illustrating a second radio signal and a first radio signal

according to one embodiment of the present disclosure.

[00156] FIG 8 is a diagram illustrating first information and second information according

to one embodiment of the present disclosure.

[00157] FIG 9is astructure block diagram illustrating a processing device used in a UE

according to one embodiment of the present disclosure.

[00158] FIG 10 is a structure block diagram illustrating a processing device used in a base

station according to one embodiment of the present disclosure.
DESCRIPTION OF THE EMBODIMENTS
[00159] Embodiment I

[00160] Embodiment 1 illustrates an example of a flowchart of a first radio signal, as

shown in FIG 1.

[00161] In Embodiment 1, the UE in the present disclosure receives a first radio signal; the

14
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first radio signal is transmitted within a first time unit, a first bit block is used for generating the
first radio signal, and the first radio signal includes G multicarrier symbols. As for any one
given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource
occupied by the given multicarrier symbol with respect to a first time point in time domain. The

first time point is one time point within the first time unit. G is a positive integer.

[00162] In one embodiment, the UE receives a second radio signal; the second radio signal
is transmitted within the first time unit, and the second radio signal is used for determining a

time-domain resource occupied by the G multicarrier symbols.

[00163] 1In one embodiment, if the time-domain resource occupied by the given
multicarrier symbol is behind the first time point, the second radio signal is used for
determining the multi-antenna related receiving for the given multicarrier symbol; or, if the
time-domain resource occupied by the given multicarrier symbol is before the first time point,
the multi-antenna related receiving for the given multicarrier symbol is related to the

multi-antenna related receiving for the second radio signal.

[00164] In one embodiment, the UE receives first information, and the first information is

used for determining the first time point.

[00165] 1In one embodiment, the UE transmits second information, and the second

information is used for determining the first time point.

[00166] In one embodiment, the UE receives third information, and the third information is
used for determining a candidate scheme for the multi-antenna related receiving corresponding

to the G multicarrier symbols.
[00167] Embodiment 2

[00168] Embodiment 2 illustrates an example of a diagram for a network architecture, as
shown in FIG 2.

[00169] Embodiment 2 illustrates an example of a diagram for a network architecture
according to the present disclosure, as shown in FIG 2. FIG 2 is a diagram illustrating a system
network architecture 200 of NR 5G, LTE and Long-Term Evolution Advanced (LTE-A). The NR
5G or LTE network architecture 200 may be called an Evolved Packet System (EPS) 200 or
other appropriate terms. The EPS 200 may include one or more UEs 201, a Next
Generation-Radio Access Network (NG-RAN) 202, a 5G-Core Network /Evolved Packet Core
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(5G-CN/EPC) 210, a Home Subscriber Server (HSS) 220 and an Internet Service 230. The EPS
may be interconnected with other access networks. For simple description, the
entities/interfaces are not shown. As shown in FIG 2, the EPS provides packet switching
services. Those skilled in the art are easy to understand that various concepts presented
throughout the present disclosure can be extended to networks providing circuit switching
services or other cellular networks. The NG-RAN includes an NR node B (gNB) 203 and other
eNBs 204. The gNB 203 provides UE 201 oriented user plane and control plane protocol
terminations. The gNB 203 may be connected to other gNBs 204 via an Xn interface (for
example, backhaul). The gNB 203 may be called a base station, a base transceiver station, a
radio base station, a radio transceiver, a transceiver function, a Basic Service Set (BSS), an
Extended Service Set (ESS), a TRP or other appropriate terms. The gNB 203 provides an access
point of the 5G-CN/EPC 210 for the UE 201. Examples of UE 201 include cellular phones,
smart phones, Session Initiation Protocol (SIP) phones, laptop computers, Personal Digital
Assistants (PDAs), Satellite Radios, non-ground base station communications, satellite mobile
communications, Global Positioning Systems (GPSs), multimedia devices, video devices,
digital audio player (for example, MP3 players), cameras, games consoles, unmanned aerial
vehicles, air vehicles, narrow-band physical network equipment, machine-type communication
equipment, land vehicles, automobiles, wearable equipment, or any other devices having similar
functions. Those skilled in the art also can call the UE 201 a mobile station, a subscriber station,
a mobile unit, a subscriber unit, a wireless unit, a remote unit, a mobile device, a wireless
device, a radio communication 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 other appropriate terms. The gNB 203 is connected to the SG-CN/EPC
210 via an S1/NG interface. The 5G-CN/EPC 210 includes a Mobility Management
Entity/Authentication Management Field/User Plane Function (MME/AMEF/UPF) 211, other
MMEs/AMFs/UPFs 214, a Service Gateway (S-GW) 212 and a Packet Data Network Gateway
(P-GW) 213. The MME/AMEF/UPF 211 is a control node for processing a signaling between the
UE 201 and the 5G-CN/EPC 210. Generally, the MME/AMF/UPF 211 provides bearer and
connection management. All user Internet Protocol (IP) packets are transmitted through the
S-GW 212. The S-GW 212 itself is connected to the P-GW 213. The P-GW 213 provides UE IP
address allocation and other functions. The P-GW 213 is connected to the internet service 230.
The internet service 230 includes IP services corresponding to operators, specifically including

internet, intranet, IP Multimedia Subsystems (IP IMSs) and PS Streaming Services (PSSs).
[00170] In one embodiment, the UE 201 corresponds to the UE in the present disclosure.
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[00171] In one embodiment, the UE 201 corresponds to the terminal in the present

disclosure.

[00172] In one embodiment, the gNB 203 corresponds to the base station in the present

disclosure.

[00173] In one embodiment, the UE 201 supports conducting wireless communication of

data transmission on an unauthorized spectrum.

[00174] In one embodiment, the gNB 203 supports conducting wireless communication of

data transmission on an unauthorized spectrum.

[00175] 1In one embodiment, the UE 201 supports Non-Orthogonal Multiple Access

(NOMA) based wireless communication.

[00176] In one embodiment, the gNB 203 supports Non-Orthogonal Multiple Access

(NOMA) based wireless communication.

[00177] In one embodiment, the UE 201 supports Gran-Free uplink transmission.
[00178] In one embodiment, the gNB 203 supports Gran-Free uplink transmission.
[00179] In one embodiment, the UE 201 supports competition based uplink transmission.
[00180] In one embodiment, the gNB 203 supports competition based uplink transmission.
[00181] In one embodiment, the UE 201 supports beamforming based uplink transmission.

[00182] 1In one embodiment, the gNB 203 supports beamforming based uplink

transmission.

[00183] In one embodiment, the UE 201 supports Massive-MIMO based uplink

transmission.

[00184] In one embodiment, the gNB 203 supports Massive-MIMO based uplink

transmission.
[00185] Embodiment 3

[00186] Embodiment 3 is a diagram illustrating an embodiment of a radio protocol
architecture of a user plane and a control plane according to the present disclosure, as shown in

FIG 3.
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[00187] FIG 3 is a diagram illustrating an embodiment of a radio protocol architecture of a
user plane and a control plane. In FIG. 3, the radio protocol architecture of a UE and a base
station device (gNB or eNB) is presented by three layers, which are a layer 1, a layer 2 and a
layer 3 respectively. The layer 1 (L1) 301 is the lowest layer and performs signal processing
functions of each PHY layer. Layers above the layer 1 belong to higher layers. The layer 1 is
called PHY 301 in this paper. The layer 2 (L2) 305 is above the PHY 301, and is in charge of
the link between the UE and the gNB via the PHY 301. In the user plane, the L2 305 includes a
Medium Access Control (MAC) sublayer 302, a Radio Link Control (RLC) sublayer 303, and a
Packet Data Convergence Protocol (PDCP) sublayer 304. All the three sublayers end at the gNB
of the network side. Although not described in FIG.3, the UE may include several higher layers
above the L2 305, such as a network layer (i.e. IP layer) ending at a P-GW of the network side
and an disclosure layer ending at the other side of the connection (i.e. a peer UE, a server, etc.).
The PDCP sublayer 304 provides multiplexing among variable radio bearers and logical
channels. The PDCP sublayer 304 also provides a header compression for a higher layer packet
so as to reduce a radio transmission overhead. The PDCP sublayer 304 provides security by
encrypting a packet and provides support for UE handover between gNBs. The RLC sublayer
303 provides segmentation and reassembling of a higher layer packet, retransmission of a lost
packet, and reordering of a lost packet to as to compensate the disordered receiving caused by
Hybrid Automatic Repeat Request (HARQ). The MAC sublayer 302 provides multiplexing
between logical channels and transport channels. The MAC sublayer 302 is also responsible for
allocating between UEs various radio resources (i.e., resource block) in a cell. The MAC
sublayer 302 is also in charge of HARQ operation. In the control plane, the radio protocol
architecture of the UE and the gNB is almost the same as the radio protocol architecture in the
user plane on the PHY 301 and the L2 305, but there is no header compression for the control
plane. The control plane also includes a Radio Resource Control (RRC) sublayer 306 in the
layer 3 (L3). The RRC sublayer 306 is responsible for acquiring radio resources (i.e. radio

bearer) and configuring the lower layers using a RRC signaling between the gNB and the UE.

[00188] In one embodiment, the radio protocol architecture shown in FIG 3 is applicable to

the UE in the present disclosure.

[00189] In one embodiment, the radio protocol architecture shown in FIG 3 is applicable to

the base station in the present disclosure.

[00190] In one embodiment, the first radio signal in the present disclosure is generated by

the PDCP sublayer 304.
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[00191] In one embodiment, the second radio signal in the present disclosure is generated

by the PHY 301.

[00192] In one embodiment, the first information in the present disclosure is generated by

the PDCP PHY 301.

[00193] In one embodiment, the second information in the present disclosure is generated

by the RRC sublayer 306.

[00194] In one embodiment, the third information in the present disclosure is generated by

the RRC sublayer 306.
[00195] Embodiment 4

[00196] Embodiment 4 illustrates a diagram of a base station device and a UE according to
the present disclosure, as shown in FIG. 4. FIG. 4 is a block diagram of a gNB 410 in

communication with a UE 450 1n an access network.

[00197] The base station device 410 includes a controller/processor 440, a memory 430, a
receiving processor 412, a transmitting processor 415, a transmitter/receiver 416 and an antenna

420.

[00198] The UE 450 includes a controller/processor 490, a memory 480, a data source 467,
a transmitting processor 455, a receiving processor 452, a transmitter/receiver 456 and an

antenna 460.

[00199] In uplink transmission, processes relevant to the base station device 410 include

the following.

[00200] The receiver 416 receives a radio-frequency signal through the corresponding
antenna 420, converts the received radio-frequency signal into a baseband signal, and provides

the baseband signal to the receiving processor 412.

[00201] The receiving processor 412 performs signal receiving processing functions of an
L1 layer (that is, PHY), such as multi-antenna receiving, demodulation, descrambling,

despreading, de-interleaving, channel decoding, extraction of physical layer control signal, etc.

[00202] The controller/processor 440 performs operations of an L2 layer, and is connected

to the memory 43 that stores program code and data.

[00203] The controller/processor 440 provides multiplexing between a transport channel

19

Samsung Exhibit 1003, Page 28 of 290



10

15

20

25

30

and a logical channel, packet reassembling, decryption, header decompression, and control
signaling processing so as to recover a higher-layer packet coming from the UE 450. The

higher-layer packet from the controller/processor 440 is then provided to a core network.

[00204] The controller/processor 440 determines a target aerial resource probably occupied
by a target uplink radio signal, and sends the result to the receiving processor 412; and
determines through blind detection whether the target uplink radio signal occupies the target

aerial resource.
[00205] In UL transmission, processes relevant to the UE 450 include the following.

[00206] The data source 467 provides a higher-layer packet to the controller/processor 490.

The data source 467 expresses all protocol layers above the L2 layer.

[00207] The transmitter 456 transmits a radio-frequency signal through the corresponding
antenna 460, converts a baseband signal into a radio-frequency signal and provides the

radio-frequency signal to the corresponding antenna 460.

[00208] The transmitting processor 455 performs signal receiving processing functions of
the L1 layer (that is, PHY), including encoding, scrambling, code division multiplexing,

interleaving, modulation, multi-antenna transmitting, etc.

[00209] The controller/processor 490 performs header compression, encryption, packet
segmentation and reordering, and multiplexing between a logical channel and a transport
channel based on the radio resource allocation of the gNB 410, and performs functions of the

layer 2 of the user plane and the control plane.

[00210] The controller/processor 490 is also in charge of HARQ operation, retransmission
of a lost packet, and the signaling to the eNB 410.

[00211] The controller/processor 490 determines itself the radio resource occupied by the

radio signal and sends the result to the transmitting processor 455.

[00212] In Downlink (DL) transmission, processes relevant to the base station device 410

include the following.

[00213] A packet from a higher layer is provided to the controller/processor 440. The
controller/processor 440 provides header compression, encryption, packet segmentation and
reordering, multiplexing and de-multiplexing between a logical channel and a transport channel,

to implement the L2 protocol used for the user plane and the control plane. The packet from a
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higher layer may include data or control information, for example, Downlink Shared Channel

(DL-SCH).

[00214] The controller/processor 440 is connected to a memory 430 that stores program

code and data. The memory 430 is computer readable.

[00215] The controller/processor 440 includes a scheduling unit used for transmission
requirements. The scheduling unit is configured to schedule aerial resources corresponding to

transmission requirements.

[00216] The controller/processor 440 determines downlink signaling/data to be transmitted,

and sends the result to the transmitting processor 415.

[00217] The transmitting processor 415 receives a bit stream output from the
controller/processor 440, and performs signal transmitting processing functions of an L1 layer
(that is, PHY), including encoding, interleaving, scrambling, modulation, precoding, power
control/allocation, generation of physical layer control signaling (including PBCH, PDCCH,
PHICH, PCFICH, reference signal), etc.

[00218] The transmitter 416 is configured to convert the baseband signal provided by the
transmitting processor 415 into a radio-frequency signal and transmit the radio-frequency signal
via the antenna 420. Each transmitter 416 performs sampling processing on respective input
symbol streams to obtain respective sampled signal streams. Each transmitter 416 performs
further processing (for example, digital-to-analogue conversion, amplification, filtering, up

conversion, etc.) on respective sampled streams to obtain a downlink signal.
[00219] In DL transmission, processes relevant to the UE 450 include the following.

[00220] The receiver 456 is configured to convert a radio-frequency signal received via the
antenna 460 into a baseband signal and provide the baseband signal to the receiving processor
452.

[00221] The receiving processor 452 performs signal receiving processing functions of an
L1 layer (that is, PHY), including multi-antenna receiving, demodulation, descrambling,

de-interleaving, decoding, extraction of physical layer control signaling, etc.

[00222] The controller/processor 490 receives a bit stream output from the receiving
processor 452, and provides header decompression, decryption, packet segmentation and

reordering, multiplexing and de-multiplexing between a logical channel and a transport channel,
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to implement the L2 protocol used for the user plane and the control plane.

[00223] The controller/processor 490 is connected to a memory 480 that stores program

code and data. The memory 480 is computer readable.

[00224] In one embodiment, the UE 450 device includes at least one processor and at least
one memory. The at least one memory includes computer program codes. The at least one
memory and the computer program codes are configured to be used in collaboration with the at
least one processor. The UE 450 device at least receives a first radio signal, wherein the first
radio signal is transmitted within a first time unit, a first bit block is used for generating the first
radio signal, and the first radio signal includes G multicarrier symbols; as for any one given
multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for the
given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; the first time

point is one time point within the first time unit; and G is a positive integer.

[00225] 1In one embodiment, the UE 450 includes a memory that stores a computer
readable instruction program. The computer readable instruction program generates an action
when executed by at least one processor. The action includes receiving a first radio signal,
wherein the first radio signal is transmitted within a first time unit, a first bit block is used for
generating the first radio signal, and the first radio signal includes G multicarrier symbols; as for
any one given multicarrier symbol of the G multicarrier symbols, the multi-antenna related
receiving for the given multicarrier symbol is related to the relative position of a time-domain
resource occupied by the given multicarrier symbol with respect to a first time point in time
domain; the first time point is one time point within the first time unit; and G is a positive

integer.

[00226] In one embodiment, the gNB 410 device includes at least one processor and at
least one memory. The at least one memory includes computer program codes. The at least one
memory and the computer program codes are configured to be used in collaboration with the at
least one processor. The gNB 410 device at least transmits a first radio signal, wherein the first
radio signal is transmitted within a first time unit, a first bit block is used for generating the first
radio signal, and the first radio signal includes G multicarrier symbols; as for any one given
multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for the
given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; the first time
point is one time point within the first time unit; and G is a positive integer.
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[00227] In one embodiment, the gNB 410 includes a memory that stores a computer
readable instruction program. The computer readable instruction program generates an action
when executed by at least one processor. The action includes transmitting a first radio signal,
wherein the first radio signal is transmitted within a first time unit, a first bit block is used for
generating the first radio signal, and the first radio signal includes G multicarrier symbols; as for
any one given multicarrier symbol of the G multicarrier symbols, the multi-antenna related
receiving for the given multicarrier symbol is related to the relative position of a time-domain
resource occupied by the given multicarrier symbol with respect to a first time point in time
domain; the first time point is one time point within the first time unit; and G is a positive

integer.
[00228] In one embodiment, the UE 450 corresponds to the UE in the present disclosure.

[00229] In one embodiment, the gNB 410 corresponds to the base station in the present

disclosure.

[00230] In one embodiment, at least the former two of the antenna 460, the receiver 456,
the receiving processor 452, and the controller/processor 490 are configured to receive the first

radio signal in the present disclosure.

[00231] 1In one embodiment, at least the former two of the antenna 460, the receiver 456,
the receiving processor 452, and the controller/processor 490 are configured to receive the

second radio signal in the present disclosure.

[00232] In one embodiment, at least the former two of the antenna 460, the receiver 456,
the receiving processor 452, and the controller/processor 490 are configured to receive the first

information in the present disclosure.

[00233] In one embodiment, at least the former two of the antenna 460, the receiver 456,
the receiving processor 452, and the controller/processor 490 are configured to transmit the

second information in the present disclosure.

[00234] 1In one embodiment, at least the former two of the antenna 460, the receiver 456,
the receiving processor 452, and the controller/processor 490 are configured to receive the third

information in the present disclosure.

[00235] In one subembodiment, at least the former two of the antenna 420, the transmitter
416, the transmitting processor 415, and the controller/processor 440 are configured to transmit

the first radio signal in the present disclosure.
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[00236] In one subembodiment, at least the former two of the antenna 420, the transmitter
416, the transmitting processor 415, and the controller/processor 440 are configured to transmit

the second radio signal in the present disclosure.

[00237] In one subembodiment, at least the former two of the antenna 420, the transmitter
416, the transmitting processor 415, and the controller/processor 440 are configured to transmit

the first information in the present disclosure.

[00238] In one subembodiment, at least the former two of the antenna 420, the transmitter
416, the transmitting processor 415, and the controller/processor 440 are configured to receive

second first information in the present disclosure.

[00239] In one subembodiment, at least the former two of the antenna 420, the transmitter
416, the transmitting processor 415, and the controller/processor 440 are configured to transmit

the third information in the present disclosure.
[00240] Embodiment 5

[00241] Embodiment 5 illustrates an example of a flowchart of wireless transmission, as
shown in FIG 5. In FIG 5, the base station N1 is a maintenance base station for a serving cell of

the UE U2. In FIG 5, steps in box F1, box F2, box F3 and box F4 are optional respectively.

[00242] The N1 receives second information in S11, transmits first information in S12,
transmits third information in S13, transmits a second radio signal in S14, and transmits a first

radio signal in S15.

[00243] The U2 transmits the second information in S21, receives the first information in
S22, receives the third information in S23, receives the second radio signal in S24, and receives

the first radio signal in S25.

[00244] In embodiment 5, the N1 transmits the first radio signal in a first time unit, a first
bit block is used by the N1 to generate the first radio signal, and the first radio signal includes G
multicarrier symbols. As for any one given multicarrier symbol of the G multicarrier symbols,
the multi-antenna related receiving for the given multicarrier symbol by the U2 is related to the
relative position of a time-domain resource occupied by the given multicarrier symbol with
respect to a first time point in time domain. The first time point is one time point within the first

time unit. G is a positive integer.
[00245] In one subembodiment, the step in the box F4 exists, the N1 transmits the second
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radio signal in the first time unit, and the second radio signal is used by the U2 to determine a

time-domain resource occupied by the G multicarrier symbols.

[00246] In one subembodiment, if the time-domain resource occupied by the given
multicarrier symbol is behind the first time point, the second radio signal is used by the U2 to

determine the multi-antenna related receiving for the given multicarrier symbol.

[00247] In one subembodiment, if the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol by the U2 is related to the multi-antenna related receiving for the

second radio signal.

[00248] In one subembodiment, the multi-antenna related receiving refers to a

beamforming vector used for receiving corresponding to the U2.

[00249] In one subembodiment, the multi-antenna related receiving refers to an antenna

port used for transmitting corresponding to N1.

[00250] In one subembodiment, the step in the box F2 exists, the first information is used

by the U2 to determine the first time point.

[00251] In one subembodiment, the step in the box F1 exists, the second information is

used by the N1 to determine the first time point.

[00252] In one subembodiment, the step in the box F3 exists, the third information is used
by the U2 to determine a candidate scheme for the multi-antenna related receiving

corresponding to the G multicarrier symbols.
[00253] Ifthere is no conflict, the above subembodiments can be arbitrarily combined.
[00254] Embodiment 6

[00255] Embodiment 6 illustrates an example of a first radio signal, as shown in FIG 6. In
FIG 6, rectangles filled by oblique lines represent multicarrier symbols in the first radio signal
before the first time point, rectangles filled by cross lines represent multicarrier symbols in the
first radio signal behind the first time point, blank rectangles represent multicarrier symbols not
in the first radio signal, a wide oval filled by oblique lines represents a first receiving beam, and

anarrow oval filled by cross lines represents a second receiving beam.

[00256] In Embodiment 6, the first radio signal consists of G multicarrier symbols, the first
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time unit includes the G multicarrier symbols, the first time point is one time point within the
first time unit, and the relative position of the first radio signal with respect to the first time

point in time domain includes the three cases shown in FIG 6.

[00257] In the first case of Embodiment 6, the first time point is one time point in the time
domain in which the G multicarrier symbols are located. The first receiving beam is used for
receiving the multicarrier symbols in the first radio signal before the first time point. The second
receiving beam is used for receiving the multicarrier symbols in the first radio signal behind the

first time point.

[00258] In the second case of Embodiment 6, the first time point is behind the G
multicarrier symbols, and the first receiving beam is used for receiving the G multicarrier

symbols.

[00259] In the third case of Embodiment 6, the first time point is before the G multicarrier

symbols, and the second receiving beam is used for receiving the G multicarrier symbols.
[00260] In one subembodiment, the time unit is a subframe.
[00261] In one subembodiment, the time unit is a time slot.

[00262] In one subembodiment, the second radio signal is a multicarrier symbol in which
the PDSCH is located.

[00263] In one subembodiment, different beamforming vectors are used for forming the

first receiving beam and the second receiving beam.

[00264] In one subembodiment, the first receiving beam has a beam width greater than that

of the second receiving beam.
[00265] Embodiment 7

[00266] Embodiment 7 illustrates an example of a second radio signal and a first radio
signal, as shown in FIG 7. Grey rectangles represent multicarrier symbols in the second radio
signal, rectangles filled by oblique lines represent multicarrier symbols in the first radio signal
before the first time point, rectangles filled by cross lines represent multicarrier symbols in the
first radio signal behind the first time point, blank rectangles represent multicarrier symbols not
in the first radio signal, a wide oval filled by oblique lines represents a first receiving beam, and

a narrow oval filled by cross lines represents a second receiving beam.
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[00267] In Embodiment 7, both the first radio signal and the second radio signal are
transmitted within the first time unit, the multicarrier symbols occupied by the second radio
signal are before the multicarrier symbols occupied by the first radio signal in time domain, the
first receiving beam is used for receiving the second radio signal, the second radio signal
indicates the start time point of the first radio signal in the first time unit, and the start time point
is used for determining the time domain resource occupied by the first radio signal in the first
time unit. The first time point is one time point within the first time unit behind the multicarrier

symbols occupied by the second radio signal.

[00268] In Embodiment 7, the first receiving beam is used for receiving the second radio
signal and the multicarrier symbols of the first radio signal before the first time point, and the
second receiving beam is used for receiving the multicarrier symbols of the first radio signal

behind the first time point.

[00269] In one subembodiment, the second radio signal is a PDCCH, and the first radio
signal is a PDSCH.

[00270] In one subembodiment, the second radio signal is a DCI that is used for indicating
downlink assignment, and the first radio signal is a PDSCH transmitted on the downlink

resource indicated by the second radio signal.

[00271] In one subembodiment, the second radio signal indicates the second receiving

beam.

[00272] In one subembodiment, the signaling before the first time unit is used for

indicating the first receiving beam.
[00273] Embodiment 8

[00274] Embodiment 8 illustrates an example of first information and second information,

as shown in FIG 8.

[00275] In Embodiment 8, the UE transmits to the base station the second information to
recommend a candidate for the first time point, according to the processing capacity of the UE;
and the base station transmits to the UE the first information to indicate the first time point,
according to the processing capacity of the UE and the system situation. The first time point is
one time point within the first time unit. The first time point is not earlier than the recommended
candidate for the first time point in time domain. The first time point is used for determining the

multi-antenna related receiving corresponding to the first radio signal in the first time unit. The
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first radio signal includes G multicarrier symbols. As for any one given multicarrier symbol of
the G multicarrier symbols, the multi-antenna related receiving for the given multicarrier
symbol is related to the relative position of the time-domain resource occupied by the given

multicarrier symbol with respect to the first time point in time domain.
[00276] Embodiment 9

[00277] Embodiment 9 illustrates an example of a structure block diagram for a processing
device used in a UE, as shown in FIG 9. The UE device 200 is mainly composed of a first

transceiver module 201.
[00278] In Embodiment 9, the first transceiver module 201 receives a first radio signal.

[00279] In embodiment 9, the first radio signal is transmitted within a first time unit, a first
bit block is used for generating the first radio signal, and the first radio signal includes G
multicarrier symbols. As for any one given multicarrier symbol of the G multicarrier symbols,
the multi-antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect to a
first time point in time domain. The first time point is one time point within the first time unit. G

is a positive integer.

[00280] In one embodiment, the first transceiver module 201 includes the receiver 456 and

the receiving processor 452 mentioned in Embodiment 4.

[00281] In one embodiment, the first transceiver module 201 includes the transmitter 456

and the transmitting processor 455 mentioned in Embodiment 4.

[00282] In one embodiment, the first transceiver module 201 includes the antenna 460

mentioned in Embodiment 4.

[00283] 1In one embodiment, the first transceiver module 201 includes the

controller/processor 490 mentioned in Embodiment 4.

[00284] In one embodiment, the first transceiver module 201 is further configured to
receive a second radio signal; and the second radio signal is transmitted within the first time
unit, and the second radio signal is used for determining a time-domain resource occupied by

the G multicarrier symbols.

[00285] In one embodiment, if the time-domain resource occupied by the given
multicarrier symbol is behind the first time point, the second radio signal is used for
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determining the multi-antenna related receiving for the given multicarrier symbol.

[00286] In one embodiment, if the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio

signal.

[00287] In one embodiment, the multi-antenna related receiving refers to a corresponding

beamforming vector used for receiving

[00288] In one embodiment, the multi-antenna related receiving refers to a corresponding

antenna port used for transmitting.

[00289] In one embodiment, the first transceiver module 201 is further configured to

receive first information; and the first information is used for determining the first time point.

[00290] In one embodiment, the first transceiver module 201 is further configured to
transmit second information; and the second information is used for determining the first time

point.

[00291] In one embodiment, the first transceiver module 201 is further configured to
receive third information; and the third information is used for determining a candidate scheme

for the multi-antenna related receiving corresponding to the G multicarrier symbols.
[00292] Embodiment 10

[00293] Embodiment 10 illustrates an example of a structure block diagram for a
processing device used in a base station, as shown in FIG 10. The base station device 300 is

mainly composed of a second transceiver module 301.

[00294] In Embodiment 10, the second transceiver module 301 transmits a first radio

signal.

[00295] In Embodiment 10, the first radio signal is transmitted within a first time unit, a
first bit block is used for generating the first radio signal, and the first radio signal includes G
multicarrier symbols. As for any one given multicarrier symbol of the G multicarrier symbols,
the multi-antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect to a
first time point in time domain. The first time point is one time point within the first time unit. G
is a positive integer.
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[00296] 1In one embodiment, the second transceiver module 301 includes the transmitter

416 and the transmitting processor 415 mentioned in Embodiment 4.

[00297] In one embodiment, the second transceiver module 301 includes the receiver 416

and the receiving processor 412 mentioned in Embodiment 4.

[00298] In one embodiment, the second transceiver module 301 includes the receiver 416

and the transmitting processor 412 mentioned in Embodiment 4.

[00299] In one embodiment, the second transceiver module 301 includes the antenna 420

mentioned in Embodiment 4.

[00300] In one embodiment, the second transceiver module 301 is further configured to
transmit a second radio signal; and the second radio signal is transmitted within the first time
unit, and the second radio signal is used for determining a time-domain resource occupied by

the G multicarrier symbols.

[00301] In one embodiment, if the time-domain resource occupied by the given
multicarrier symbol is behind the first time point, the second radio signal is used for

determining the multi-antenna related receiving for the given multicarrier symbol.

[00302] In one embodiment, if the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio

signal.

[00303] In one embodiment, the multi-antenna related receiving refers to a corresponding

beamforming vector used for receiving.

[00304] In one embodiment, the multi-antenna related receiving refers to a corresponding

antenna port used for transmitting.

[00305] In one embodiment, the second transceiver module 301 is further configured to

transmit first information, and the first information is used for determining the first time point.

[00306] In one embodiment, the second transceiver module 301 is further configured to
receive second information, and the second information is used for determining the first time

point.
[00307] In one embodiment, the second transceiver module 301 is further configured to
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transmit third information, and the third information is used for determining a candidate scheme

for the multi-antenna related receiving corresponding to the G multicarrier symbols.

[00308] The ordinary skill in the art may understand that all or part steps in the above
method may be implemented by instructing related hardware through a program. The program
may be stored in a computer readable storage medium, for example Read-Only Memory
(ROM), hard disk or compact disc, etc. Optionally, all or part steps in the above embodiments
also may be implemented by one or more integrated circuits. Correspondingly, each module unit
in the above embodiment may be realized in the form of hardware, or in the form of software
function modules. The present disclosure is not limited to any combination of hardware and
software in specific forms. The UE or terminal in the present disclosure include but not limited
to mobile phones, tablet computers, notebooks, network cards, NB-IOT terminals, eMTC
terminal and other wireless communication equipment. The base station or system in the present
disclosure includes but not limited to macro-cellular base stations, micro-cellular base stations,

home base stations, relay base station and other wireless communication equipment.

[00309] The above are merely the preferred embodiments of the present disclosure and are
not intended to limit the scope of protection of the present disclosure. Any modification,
equivalent substitute and improvement made within the spirit and principle of the present

disclosure are intended to be included within the scope of protection of the present disclosure.
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Claims

WHAT IS CLAIMED IS:
1. A method in a User Equipment (UE) for wireless communication, comprising;
receiving a first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit
block is used for generating the first radio signal, and the first radio signal comprises
G multicarrier symbols; as for any one given multicarrier symbol of the G
multicarrier symbols, the multi-antenna related receiving for the given multicarrier
symbol is related to the relative position of a time-domain resource occupied by the
given multicarrier symbol with respect to a first time point in time domain; the first

time point is one time point within the first time unit; and G is a positive integer.
2. The method according to claim 1, comprising:
receiving a second radio signal;

wherein the second radio signal is transmitted within the first time unit, and the
second radio signal is used for determining a time-domain resource occupied by the

G multicarrier symbols.

3. The method according to claim 2, wherein if the time-domain resource occupied
by the given multicarrier symbol is behind the first time point, the second radio
signal is used for determining the multi-antenna related receiving for the given
multicarrier symbol; or, if the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving
for the given multicarrier symbol is related to the multi-antenna related receiving for

the second radio signal.
4. The method according to claims 1, comprising:

receiving first information, wherein the first information is used for determining

the first time point;
or,

receiving third information, wherein the third information is used for
determining a candidate scheme for the multi-antenna related receiving

corresponding to the G multicarrier symbols.
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5. The method according to claims 1 comprising:
transmitting second information;
wherein the second information is used for determining the first time point.
6. A method in a base station device for wireless communication, comprising:
transmitting a first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit
block is used for generating the first radio signal, and the first radio signal comprises
G multicarrier symbols; as for any one given multicarrier symbol of the G
multicarrier symbols, the multi-antenna related receiving for the given multicarrier
symbol is related to the relative position of a time-domain resource occupied by the
given multicarrier symbol with respect to a first time point in time domain; the first

time point is one time point within the first time unit; and G is a positive integer.
7. The method according to claim 6, comprising:
transmitting a second radio signal;

wherein the second radio signal is transmitted within the first time unit, and the
second radio signal is used for determining a time-domain resource occupied by the

G multicarrier symbols.

8. The method according to claim 7, wherein if the time-domain resource occupied
by the given multicarrier symbol is behind the first time point, the second radio
signal i1s used for determining the multi-antenna related receiving for the given
multicarrier symbol; or, if the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving
for the given multicarrier symbol is related to the multi-antenna related receiving for

the second radio signal.
9. The method according to claims 6, comprising:

transmitting first information, wherein the first information is used for

determining the first time point;
or,

transmitting third information, wherein the third information is used for
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determining a candidate scheme for the multi-antenna related receiving

corresponding to the G multicarrier symbols.
10. The method according to claims 6, comprising:

receiving second information;

wherein the second information is used for determining the first time point.
11. A UE for wireless communication, comprising:

a first transceiver module, to receive a first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit
block is used for generating the first radio signal, and the first radio signal comprises
G multicarrier symbols; as for any one given multicarrier symbol of the G
multicarrier symbols, the multi-antenna related receiving for the given multicarrier
symbol is related to the relative position of a time-domain resource occupied by the
given multicarrier symbol with respect to a first time point in time domain; the first

time point is one time point within the first time unit; and G is a positive integer.

12. The UE according to claim 11, wherein the first transceiver module receives a
second radio signal, the second radio signal is transmitted within the first time unit,
and the second radio signal is used for determining a time-domain resource occupied

by the G multicarrier symbols.

13. The UE according to claim 12, wherein if the time-domain resource occupied by
the given multicarrier symbol is behind the first time point, the second radio signal is
used for determining the multi-antenna related receiving for the given multicarrier
symbol; or, if the time-domain resource occupied by the given multicarrier symbol is
before the first time point, the multi-antenna related receiving for the given
multicarrier symbol is related to the multi-antenna related receiving for the second

radio signal.

14. The UE according to claim 11, wherein the first transceiver module receives first
information, the first information being used for determining the first time point; or,
the first transceiver module transmits second information, the second information
being used for determining the first time point; or, the first transceiver module
receives third information, the third information being used for determining a

candidate scheme for the multi-antenna related receiving corresponding to the G
34
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multicarrier symbols.
15. A base station device for wireless communication, comprising:
a second transceiver module, to transmit a first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit
block is used for generating the first radio signal, and the first radio signal comprises
G multicarrier symbols; as for any one given multicarrier symbol of the G
multicarrier symbols, the multi-antenna related receiving for the given multicarrier
symbol is related to the relative position of a time-domain resource occupied by the
given multicarrier symbol with respect to a first time point in time domain; the first

time point is one time point within the first time unit; and G is a positive integer.

16. The base station device according to claim 15, wherein the second transceiver
module transmits a second radio signal, the second radio signal is transmitted within
the first time unit, and the second radio signal is used for determining a time-domain

resource occupied by the G multicarrier symbols.

17. The base station device according to claim 16, wherein if the time-domain
resource occupied by the given multicarrier symbol is behind the first time point, the
second radio signal is used for determining the multi-antenna related receiving for
the given multicarrier symbol; or, if the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving
for the given multicarrier symbol is related to the multi-antenna related receiving for

the second radio signal.

18. The base station device according to claim 15, wherein the second transceiver
module transmits first information, the first information being used for determining
the first time point; or, the second transceiver module receives second information,
the second information being used for determining the first time point; or, the second
transceiver module transmits third information, the third information being used for
determining a candidate scheme for the multi-antenna related receiving

corresponding to the G multicarrier symbols.

35

Samsung Exhibit 1003, Page 44 of 290



ABSTRACT

The present disclosure provides a method and a device used for wireless
communication in a base station and a User Equipment (UE). The UE receives a first
radio signal, wherein the first radio signal is transmitted within a first time unit, a
first bit block is used for generating the first radio signal, and the first radio signal
comprises G multicarrier symbols. As for any one given multicarrier symbol of the G
multicarrier symbols, the multi-antenna related receiving for the given multicarrier
symbol is related to the relative position of a time-domain resource occupied by the
given multicarrier symbol with respect to a first time point in time domain. The first
time point is one time point within the first time unit. The present disclosure

increases the dynamic of the multi-antenna related receiving.
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Approved for use through 01/31/2014, OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Papsrwork Reduction Act of 1895, no persons are required to respond 1o a collection of information unfess it displays a valid OMB conlrol number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND
Invention BASE STATION

As the below named inventor, | hereby declare that:

This declaration {XJ‘

is directed to: The attached application, or

f:j United States application or PCT international application number

filed on

The above-identified application was made or autherized to be made by me.

I believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C, 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitling personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of 3
palent. Furthetmoare, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14), Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are nat publicly available.

LEGAL NAME OF INVENTOR

ventor. Xia0B0 ZHANG oate ptonay MM 04 20[&
Signature: X\O"OBO LHA/\}C\

Note: An application data sheel (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form,
Use an additional PTO/SBIAIAQ1 form for each additional inventor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.63. The Information is reguirad to oblain or retain a benefit by the public which is to file (and
by the USPTO to process) an application, Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 1 minute to
complate. inchuding gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upou the individuat case. Any
comments on the amount of time you require 1o complete this form andlar suggestions for reducing this burden, should be senit to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O, Box 1450, Alexandria, VA 22313-1450,

If you need assistanca in completing the form. call 1-800-PT0-9199 and select aption 2,
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND

BASE STATION

First Named Inventor/Applicant Name:

Xiaobo Zhang

Filer:

Aaron Richard Wininger

Attorney Docket Number:

126099-8013.US00

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75
UTILITY SEARCH FEE 2111 1 330 330
UTILITY EXAMINATION FEE 2311 1 380 380
Pages:
Claims:
INDEPENDENT CLAIMS IN EXCESS OF 3 2201 1 230 230

Miscellaneous-Filing:

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1015
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Electronic Acknowledgement Receipt

EFS ID: 32542147
Application Number: 15972167
International Application Number:
Confirmation Number: 3699

Title of Invention:

METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND
BASE STATION

First Named Inventor/Applicant Name:

Xiaobo Zhang

Customer Number:

70416

Filer:

Aaron Richard Wininger

Filer Authorized By:

Attorney Docket Number:

126099-8013.US00

Receipt Date: 06-MAY-2018
Filing Date:
Time Stamp: 14:07:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1015

RAM confirmation Number

050718INTEFSW14083200

Deposit Account

500665

Authorized User

Aaron Wininger

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)

37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
s . File Si Iti
Document Document Description File Name es ze(B){tes)l Mu tl. _Pages
Number Message Digest | Part/.zip| (if appl.)
1823086
1 Application Data Sheet 1260998013USO0ADS.pdf no 8
99c751dfc1c8a4843e0d458a9cdbcaal8b7d
b8sa
Warnings:
Information:
328217
2 Spec.pdf yes 36
8886749e3d89021e921715cbedfdf1e5039
280a
Multipart Description/PDF files in .zip description
Document Description Start End
1 31
32 35
36 36
Warnings:
Information:
214191
3 Drawings-only bIaFk and white line Drawings.pdf no 6
drawings
45c72e800037117427dab4c0ea70735235¢]
5c0b8
Warnings:
Information:
90393
4 Oath or Declaration filed Default.pdf no 1
110a179919d7659c573b1a5187508194164]
0a4b5
Warnings:
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37022
5 Fee Worksheet (SB06) fee-info.pdf no 2
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Warnings:

Information:

Total Files Size (in bytes){ 2492909

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/972,167
APPLICATION AS FILED - PART | OTHER THAN
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FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
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NDEPENDENT CLAMS [ 4 s | 1 . 230 -| 230
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1015 TOTAL
APPLICATION AS AMENDED - PART I
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(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
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<§: Application Size Fee (37 CFR 1.16(s))
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TOTAL OR TOTAL
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<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
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* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
15/972,167 05/06/2018 2631 1015 126099-8013.US00 18 4
CONFIRMATION NO. 3699
70416 FILING RECEIPT
Perkins Coie LLP - SHA General
Patent - SHA AR AN G AT G AR
P.O. Box 1247

Seattle, WA 98111-1247
Date Mailed: 05/31/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Xiaobo ZHANG, Shanghai, CHINA;
Applicant(s)

Shanghai Langbo Communication Technology Company Limited, Shanghai, CHINA;
Assignment For Published Patent Application

Shanghai Langbo Communication Technology Company Limited, Shanghai, CHINA

Power of Attorney: None

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 201710318202.4 05/08/2017

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 05/29/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/972,167

Projected Publication Date: 11/08/2018

Non-Publication Request: No

Early Publication Request: No

* SMALL ENTITY **

Title

METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION
Preliminary Class

375
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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G A ZIRPAT T IIE G E B BT T, XSRS RE 2 BPAT T I
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—Rp Rl AR T I el (K VA AR E

T AR A

AT S O BAR RGN AR S R T 5, Rl kX
REALT I T IE L E .

(=B

KIMAL (Massive) MIMO (Multi-Input Multi—Output) BN F—
FRAZ BNIEAE I — DB TT R A o DRI MIMO 1, 22 AN R 2R 08 I il AR I 4
T B AR P R ) — /N 4Rp 0 7 Il R $2 Sl S & . KB MIMO 34 af
CLid i 2 A~ RLIERRA R 5 1, FERS 2 NH P, JERRZ AP MIMO
(MU-MIMOD, BAFE i REIE MIMO RAF I HL &, PG L.

£ 3GPP Hrd vl , H A w52 H HE % 9 K 4% % PDCCH
(Physical Downlink Control Channel, ¥ FATH{E1E) PLIE IO
B asE=r:, ABRAERPWARAES PDSCH (Physical Downlink Shared
Channel, P FAT7H = F518) PLFE S SNR (Signal-to—Noise Ratio,
fEME L) A 2 =) 42 H A8 FJ PDCCH % PDSCH [ 4% % ik o408 I BR A5 7
PLfg ¢ UE (User Equipment, H 7 #4&) M PDCCH rh3R4F PDSCH (1% Hii
P A AE F PDCCH 45 7~ IR 9% A5 J2 BE 4T PDSCH 42280 22 Ta] ¥ ZE 38 ) /8t

RS

VRN —ASLHtfl, WA NIEIEH TR, #5 BS BB R 7 o 5 B0
HS AN A PERRAR, PSRN, VAP B A e AR A T, A
BE JJ R4 UE a) LL7E Ji B IA) P b PDCCH #EAT i i 45 31 F -+ 42k PDCCH T
FEB BRI PDSCH (13 s A5 5L, R B A0k s Xt PDSCH T AE (1) 22 3 75 5
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FERT I AR ST L B AT o AITid 55 — A T8) A A2 T IR 25 — B 18] PG A IR —
B A A . IR G A IE RS

YERN—ASptifs], R FVEREFALAE T, HRE 2 R EAH LI ER
FER R B NC B T AT IR S — TR 2R AE 5 1Y 22 R ZAH SR B R

VEN—A2pti ], ik 55 — Jo 25 5 4& — 4> PDSCH.
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M/ E
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VEN—A sty , Pk 25—t ia) o A ads — N H e T 5EIERS
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VEN—AN sy, Frid s — bRpR & G i gy doRULES . .
A LRI 2 BRI T IR 2 — TR 4B T

YEN—A L, AR SR — L& E ST E R E S ——
KR, FITIR EE — PUARRDR A BTk 224~ B e i) — A LR B .

VEN—ASSLptifs], Fivid 22 2B 47 5 72 OFDM £ 5 o

VE N —AsETis), ik 2 35 5 22 FBMC(Filter Bank Multiple
Carrier, JEPASHZ I 755

VEN—ASLhti ], vl 22 R 2 AH o8 2 S PR B bl e B o .

VERN—A LRt , ik 22 O 2R AH o< (42 B F5 ik B P Wi IR k.
&R 2R v 11 o

VERN—AS0tiffl, Bk G A Z2EEAT T 2L G AN Z 8T 5 .

VERN—A i, Pk 58— JL4fE 5 IR G A 2 3055 H k.

VERN—ANshtifl, PR s — R4 s S TR ¢ NP5+
() 22 BT o

VEN—ASqtifs], Ui Pk 45 5E 22 BB AT 5 A8 B Js 1AL P 25 — B ]
RUZHT, T — 22 R E&FUT7 Sk FH T Pl 45 08 2 85T 5 10 22 REAH %
I, SR TR 45 58 2 B A S ERT Ik AR TR 58 — I 18] i 2 5, 2R
T2 R&RMOT X TR LS € 2 BT 5 N 2 RS iR, ik
F— 2 RO ST IR 55 — 2 KRBT A FE .

VEN—ASptifil, Pk 25— 22 RO SR T IR 55 = 2 RN
F o AT R ASE A [R] AR 0L o sl
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£ — R T R [ R 2R IR 2 B K

VEN—A St , Bk 25 — 22 R E 2By X RL I A& i a4 LE Bk
B TR AT T LIV AR fn n) SE PR R R

VEN—Aeqtifsl, Pk 25 — 22 Rl sOSHR F E ik 2 — 2 K
2o E A B .

VEN—AN S5, Frid G A2 2T 'S I J5 B AR AE il 255 — I 8] 1
ZHT, EERFITIR G AN Z2 AT T 1 22 R A SR KR [F] .

VEN—Atifg], ik G A2 85T ‘5 I Ja B ARAE I il 55 — B 8]
ZJa, EERATIR G AN ZEPAT T 1 2 R LA R IR F] .

VERN—A 0t B G A 288857 5 TR I G AN 23807 5 R 3 B
FITIR 25— B 8] ;U2 BT, AT G A 2 805 5 TP G2 A 22 30 5 AE I e
FITIR 55— R] s 2 )5, AT PR G1 A2 34T 5 10 22 R AH ¢ SO [F]
BEXFPITIR G2 A 28T 5 1K) 22 REAH R IR E], B P 61 S22 4%
WEAF 5 ) 22 REM RN S EEXTITIR G2 A2 85T 5 10 2 REAH K1
FARCAF . ATIR G1 FIATIR G2 A& IEBEH

VERN—AN S0t ], Pl 55— B 18] f e — A 2 00 AT 5 46 BT i 25 — B[]
LG IR R AR

PE ARG —AN T, Hfads.

— R L E T

PITIR 25 — TS S AE T IR SE — BT Rl LGN R, TR 5 — 0215 54
%?%m%ﬁGAzW&%%%ﬁﬁmﬁﬁﬁﬁ

VEN—A- s,  FIR AR T RGN B TR G A2 80T
5 BT o P PR AR SR

VEN—A 9], Pk 55 — JG4kfs 5 742 PDCCH.
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55 B 5 FH 0 BT Jsk SR R
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(Downlink Assignment) {2 &) DCI (Downlink Control Information).
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22 R 2R A SR (P HSCR AT X6 BT IR 25 — TR 2R A 5 [ BT 22 R £ AH SR M BRIl 5% .

VEN—ASEhtif),  FIRT VA EFAL 2, 3002 R EAH SRR I Bh &

P
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5 IR FAN L SR 3 R IR TR B — TR A5 5 MR ICIE SR .

YERN—Asehafl, a7 RrkbAs, PDSCH 7E iR 25 — B 18] s 2 A
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LT T, A T thT PDCCH ff it 28 3R 38 A1) PDSCH A& 23R (1) 17 /851 .

VER—ANSEHaf], a0 SR B iR BTk 45 7 22 8% 7575 B o5 P IR0 BT 3k B2 U e
PR S — B 8] 2 5, PR 35 — R 45 ‘5 # FH T 8 P i B X P iR 455 %
BT 5 0 22 REGA LI FU: Wi SR iR BT i &5 5 22 247 5 i o FH R B
B TR PR AE BT IR 25— B [H) f 2 BT, FTIRERXT Bl 45 78 2 B 775 10 2 R 26 4E
RIPTHENCRER X BT IR 25 — TR 265 5 I BT IR 22 R Z8 M SR M lca =% .

VER—ANSEhiaf], Bl 55 — TRk A5 5 BRI iR £ Xd priR 45 e £
BV FF T 1 22 R LR A SR PRI

YER—ANSEHaf], Bl 25 — T2k A(5 5 BRI F R T iR £ XT FriR 45 e £
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VRN —A i, PriR X3 Frid 25 5E 22 BT 5 AR B (K A8 R
S -5 4E 0 P 5% — 0245 S AR I A& R L F AR [A) .

RIEAR AT — A7, Hrh, iR 2 REM SR ENGE 18 AH R H
TR AP AR I [ B B TR 28 R ZR A O< B AR FR AR B2 I Ak
R IR 23 11
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VRN —Asizhti ], ORI 2R SHE O 45 77 42U I AR 2
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VES—A 2t 5], PR i3 RO 2 1) 8 A AR DL I R I 28 1) &
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DR 2R () B 2B RS ) i AR 28 )

VEN—AN 2t ], Fivik ok e 11 HH 22 AR 40 30 K 2838 1 R 2k 5 U 1k
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U 2R B02H B AR 1) B T il R e AL, TR R R .

YERN—ALHEE], 5 —2 %45 5l Prid 3 ROk ) R 2 R,
FIRR 5 — S5 5 I 2 D1 K/ RIEAS 18 S E00 F 10 ik 55 — L &5 5
Fre i/ RIBAZTEZSH, iR 38— S %15 S ida 7 5 58 255 5 R EK,
FITIR 55 — 2245 5 P2 i R RBEAS T S 8O T80 € ik 25 — Ja e fs 5
A IR KRS IESH .

VEN Bl S ) 1) — A 1S f 9, ek 25 — 2= A5 S iR os 5 ik
BT E5 QCL (Quasi Co—Located, ZEILuh),

WIEAR P IF R —D 7 mm, Ko adsh:

- FWCE—E R

BTl 25— 15 S8 FH T 0 BT 25 — B 18] Ao
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YERN—AN LB, Frid s —/5 B R =045 s Frid 25 — B 18] 2.
VEN—ANSI0ti ], Pl 25— B 18] fR e — A 2 B0 AT 5 76 BT i 25 — B[]
MU RS .
VEN—A-SEhtifs], PR sl —(5 B2 w215 2
VEN—sLhify), FridEE—1 2 B 42 RRC (Radio Resource Control)
2o
AR AP IER—N AT, Hriads.
—RIEH B
P 25 — A5 B FH T 5 T 25— B TR Ao
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b HE JJ Al Bl 3 i i 2 BT IR 5 — B E] £, AR AE RAR P RE
VEN—ASEhtifs], Pk 25 — A5 uwﬁmTHTﬁﬁﬁﬁ—HTlﬂﬁ
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VEN—A- S, PrikaE — A5 & IEéRRL 52
VEN—A gy, ik 25 — 15 ) fﬁ)ﬁiﬂﬁ%)\ (Random Access) &
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W IR 378 7 58 o
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g e 7 REFEH — 2 RGBT XM — 2 REICF. IidEF—=
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VE—A st fl, Pk 2 =15 B2 w25 2.

VERN—A it Bk 58 =45 A2 RRC /54>
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ESN P INEAES
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S IRAE PITIR 2 — WA 2 e, PITIR 2 — o2 AE 5 H B E BT iR A X
R 5E 22 BPAT T N2 REAHRARI B PITIR il 45 58 22 BT 5
i FH IR S B8 YA PP IR 5% — I TB] R 22 A, IR T IR 45 5E 2 3BT 5 (1
2 R EGAH R IR S ORI 56T BTk 215 — To 2645 5 I ik 22 R 2 SR (K i % .

RIEARHIFH— D, o, PR 2 R SR INEGE 7R A R 1
TR PRI () B B TR 22 R 2R A O< B AR FRAE B2 I - Ak
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RIEAHIGF I —A 5, HA .
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FIi 25— 15 SO TR e il 25— B 1A R

RYE AT —A 5, HA s

—PCR AR
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- RIEHB=AHE;
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RN —A i, RS MR AL+, Hi, ridridgy €%
BT T I o K B I B AL BT IR 2 — I TR R 2 e, TR E TR RS T
FA T 58 P et e 25 7€ 22 BT 5 I 2 RERAH ORIV B Firdd o
IR 5E 22 BPAT T F i B B S B R A Tl 2 — B 1) /2 B, BTk
4T RE 22 BRPAT T 2 REM R I BN E XS Prid 55 — B2 E 5 M ik %
RECH R MR %
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(VIS A i AH L (4 P 3 S R e AR 2R 7 s o Jom ik 22 R 2R ok [ 5L
FE AR AR RL K 3 A& (K R 2t 1

RN —A i), R B R LA+, Horh, sy —Biduis
W FHRUCE — 5 8 PR 55— 15 A T 5E P 25 — I 18] A
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W T ARG AR L PTIR S AT KA T 8 ik 55— I TE)

YEN—A e, IR P 8 iR b e+, Hr, Pz —Biis
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AU I T — g T Ol 5 0l d &, fudh:

- P TRR, RIRHE—RE(E T
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/972,167 05/06/2018 Xiaobo ZHANG 126099-8013.US00
CONFIRMATION NO. 3699
70416 PUBLICATION NOTICE

Perkins Coie LLP - SHA General

Patent - SHA I
P.O. Box 1247

Seattle, WA 98111-1247

[T

ﬂ)0000ﬂ03699773

Title:METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

Publication No.US-2018-0324798-A1
Publication Date:11/08/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to
identify the application to which the Power of Attorney directed, in accordance with 37 CFR 1.5. If the Power of
Attorney by Applicant form is not accompanied by this transmittal form or an equivalent, the Power of Attorney
will not be recognized in the application.

Application Number 15/972,167

Filing Date May 6, 2018

First Named Inventor Xiaobo Zhang

Title METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE
AND BASE STATION

Art Unit 2464

Examiner Name Ricky Quoc NGO

Attorney Docket Number | S3876.10011USO1

SIGNATURE of Applicant or Patent Practitioner

Signature /R. Burns Israelsen/ Date January 31, 2019

Name R. Burns Israelsen Telephone | (435)252-1360

Registration Number | 42685

MASCHOFF BRENNAN, PLLC
1389 Center Drive, SUITE 300
PARK CITY, UTAH 84098, USA
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POWER OF ATTORNEY BY APPLICANT

{Asqmﬁee Legal Representative or Person with Proprietary Interest]

{ hereby revoke all previous powers of attorniey given in the application identified in the attached
Transmittal for Power of Attorney finn,

B 1 hereby appoimt Practiioner(s) associated with the following Customer Number s nryfour

sttorney(s) or agent(s), and o transact all business in the United States Patent and Trademark
Office connscted therewith for the application refersiced in the attached transmital fetten

97149

Please recognize or change the correspondence address for the above-identified patent to:

B The address associated with the above-mentioned Customer Numbser.

Iz the AppHemt:

X1 Assignee or Person to Whom the Inventor is Under an Obligation to Assign

{1 Legal Representative of a Decsased or Legally lncapaciiated nveator

{1 Person Who Otherwise Shows Sufficlent f’mpw crary Interest {e. 5 1 petition wider 37 UFR
148 (b2} was granted in the application or is cune urrently being filed with this document)

SIGNATURE of Applicant for Patent

The individeal whose signaters and title Is supplied helow is authoriead tv act on bebalf of the Applicant

Signature }Z}Ng{} 2}%_}%«\5’{; Thate January 23, 2019
Name Xizoho ZHANG Telephone
P SHANGHAI LANGBO
Conpany COMMUNICATION TECHNOLOGY | Tile CT0
COMPBANY LIMITED

NOTE: Signature ~ This form must be signed by the spplicant or applicant’s representative in
accordsnce with 37 CFR 133, See 37 CFR 1.4 for signature requiremssts snd centifications,
Subniit multiple forms foy mors than one signaturs, see below?,

*Total of fomms are stbndtied,

MASCHOFF BRENNAN, PLLC
1389 Center Divive, SUTTE 300
PARK CITY, UTAH S4098, USA
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Electronic Acknowledgement Receipt

EFS ID: 35027052
Application Number: 15972167
International Application Number:
Confirmation Number: 3699

Title of Invention:

METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND
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First Named Inventor/Applicant Name:

Xiaobo ZHANG

Customer Number:

70416

Filer:

Robert Burns Israelsen/Vanessa Mangum

Filer Authorized By:

Robert Burns Israelsen

Attorney Docket Number:

126099-8013.US00

Receipt Date: 31-JAN-2019
Filing Date: 06-MAY-2018
Time Stamp: 19:34:05

Application Type:

Utility under 35 USC 111(a)

Payment information:
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File Listing:
Document Document Description File Name File Slze(B}ttes)l Multl' 'Pages
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1038635
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Information:

Total Files Size (in bytes){ 1038635

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PQ. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov’

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
15/972,167 05/06/2018 Xiaobo ZHANG S$3876.10011US01
CONFIRMATION NO. 3699
97149 POA ACCEPTANCE LETTER
Maschoff Brennan

1389 Center Drive, Suite 300

R VAL L YO ORI
Park City, UT 84098 00000010560318

Date Mailed: 02/05/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/31/2019.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lagizaw/
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/972,167 05/06/2018 Xiaobo ZHANG S$3876.10011US01 3699
97149 7590 03/24/2020 | EXAMINER |
Maschoff Brennan
1389 Center Drive, Suite 300 RANDHAWA, MANDISH K
Park City, UT 84098
| ART UNIT | PAPER NUMBER |
2477
| NOTIFICATION DATE | DELIVERY MODE |
03/24/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

d@mabr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/972,167 ZHANG, Xiaobo
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
MANDISH RANDHAWA 2477 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 5/6/18.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(J This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-18 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
6) (0 Claim(s) ___ is/are allowed.
7) Claim(s) 1-18 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) (O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)O The specification is objected to by the Examiner.
11)(OJ The drawing(s) filedon _____is/are: a)(] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)d Some**  ¢) None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) (J Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) [J Other: .

2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190602
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DETAILED ACTION

Notice of Pre-AlIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 102
2. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A personshall be entitled to a patentunless —

(a)(2) the claimedinventionwas described in a patentissued under section 151, orinan
application for patent published or deemed published under section 122(b), in which the
patentor application, as the case maybe, names anotherinventor and was effectively filed
before the effective filing date of the claimed invention.

4. Claims 1-18 are rejected under 35 U.S.C. 102(a)(2) as being anticipated by Guo
et al. (US 2018/0083680 A1, hereinafter “Guo”).

Regarding claims 1 and 11, Guo teaches a method in a User Equipment (UE)
(figs. 16) for wireless communication, comprising: receiving a first radio signal (17A-
17C, 4 [0275], control channel 1710 and data channel 1720. The control channel 1710
can include three OFDM symbols 1731, 1732 and 1733); wherein the first radio signal is
transmitted within a first time unit (9 [0275], subframe), a first bit block is used for
generating the first radio signal, and the first radio signal comprises G multicarrier

symbols (figs. 17A-17C, § [0272], a control region comprises an N number of OFDM
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symbols); as for any one given multicarrier symbol of the G multicarrier symbols, the
multi-antenna related receiving (4] [0275], receiving beam) for the given multicarrier
symbol is related to the relative position of a time-domain resource occupied by the
given multicarrier symbol with respect to a first time point in time domain; the first time
point is one time point within the first time unit; and G is a positive integer (figs. 17A-
17C, §[0272], § [0273], § [0277], The control channel 1710 can include three OFDM
symbols 1731, 1732 and 1733. The UE is configured to use the same Rx beam within
each slot/subframe cycle the Rx beams over subframes/slots. There are control
channel 1710 and data channel 1720 in each subframe/slot, §[0280], 4 [0281], The UE
is configured with 4 Rx beams 1691, 1692, 1693, and 1694 for cycling. Assume the
UE begin the Rx beam cycling from subframe 1701. The UE is configured to apply Rx
beam 1691 on OFDM symbol 1731 in subframe 1701, apply Rx beam 1692 on OFDM
symbol 1732 in subframe 1701, apply Rx beam 1693 on OFDM symbol 1733 in
subframe 1701, then apply Rx beam 1694 on OFDM symbol 1734 in subframe 1702,
then the UE cycle back to beam 1691 and apply Rx beam 1691 on OFDM symbol 1735
in subframe 1702. and § [0285]. And pages 16-22 of provisional application
62/421039).

Regarding claims 2 and 12, Guo teaches the method according to claim 1,
comprising: receiving a second radio signal; wherein the second radio signal is
transmitted within the first time unit, and the second radio signal is used for determining
a time-domain resource occupied by the G multicarrier symbols (f [0226] A gNB can
indicate UE to use an Rx mode for DL signal reception (PDSCH and PDSCH DMRS)
via RRC, MAC-CE or DCI signaling. § [0235] A DL assignment DCI may indicate

reference QCLresource(s)to be used for demodulation of a PDSCH assigned by the
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DCI. § [0270], A UE can be indicated to use Rx beam cycling to receive control
channels via RRC, MAC CE or DCI signaling. UE can be indicated to use Rx beam
cycling to receive data channels via RRC, MAC CE or DCI signaling. §[0271] and
[0272]. And pages 16-22 of provisional application 62/421039).

Regarding claims 3 and 13, Guo teaches the method according to claim 2,
wherein if the time-domain resource occupied by the given multicarrier symbol is behind
the first time point, the second radio signal is used for determining the multi-antenna
related receiving for the given multicarrier symbol or, if the time-domain resource
occupied by the given multicarrier symbol is before the first time point, the multi-antenna
related receiving for the given multicarrier symbol is related to the multi-antenna related
receiving for the second radio signal (figs. 17A-17C, §[0272], a control region
comprises an N number of OFDM symbols. The UE is further configured to apply N
different Rx beams on the N nhumber of OFDM symbols. The UE can be indicated with
N Rx beam IDs for the Rx beam cycling across OFDM symbols via RRC, DCI or MAC
CE signaling, 9 [0273], a UE is configured to keep using the indicated set of N Rx
beams across OFDM symbols for control signal reception in subsequent
slots/subframes, until another set of N Rx beam indication is received. §[0277], §
[0280] and § [0285]. And pages 16-22 of provisional application 62/421039).

Regarding claims 4 and 14, Guo teaches the method according to claims 1,
comprising: receiving first information, wherein the first information is used for
determining the first time point;_or, receiving third information, wherein the third
information is used for determining a candidate scheme for the multi-antenna related
receiving corresponding to the G multicarrier symbols (figs. 17A-17C, § [0270]- [0272],

The UE can be indicated with N Rx beam IDs for the Rx beam cycling across OFDM
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symbols via RRC, DCI or MAC CE signaling, § [0277] In some embodiments, a control
region comprises an N number of OFDM symbols. The UE is further configured to a
same Rx beam on the N number of OFDM symbols. The UE can be indicated with Pc
Rx beam IDs for the Rx beam cycling across subframes/slots via RRC, DCI or MAC
CE signaling).

Regarding claim 5, Guo teaches the method according to claims 1 comprising:
transmitting second information; wherein the second information is used for determining
the first time point (figs. 177A-17C, § [0270]- [0272], The UE can be indicated with N Rx
beam IDs for the Rx beam cycling across OFDM symbols via RRC, DCI or MAC CE
signaling, § [0277] In some embodiments, a control region comprises an N number of
OFDM symbols. The UE is further configured to a same Rx beam on the N number of
OFDM symbols. The UE can be indicated with Pc Rx beam IDs for the Rx beam
cycling across subframes/slots via RRC, DCI or MAC CE signaling).

Regarding claims 6 and 15, Guo teaches a method in a base station device (figs.
16) for wireless communication, comprising: transmitting a first radio signal (17A-17C,
[0275], control channel 1710 and data channel 1720. The control channel 1710 can
include three OFDM symbols 1731, 1732 and 1733); wherein the first radio signal is
transmitted within a first time unit (§ [0275], subframe),, a first bit block is used for
generating the first radio signal, and the first radio signal comprises G multicarrier
symbols (figs. 17A-17C, § [0272], a control region comprises an N number of OFDM
symbols); as for any one given multicarrier symbol of the G multicarrier symbols, the
multi-antenna related receiving(y [0275], receiving beam) for the given
multicarrier symbol is related to the relative position of a time-domain resource occupied

by the given multicarrier symbol with respect to a first time point in time domain; the
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first time point is one time point within the first time unit; and G is a positive integer (figs.
17A-17C, 4 [0272], § [0273], § [0277], The control channel 1710 can include three
OFDM symbols 1731, 1732 and 1733. The UE is configured to use the same Rx beam
within each slot/subframe cycle the Rx beams over subframes/slots. There are
control channel 1710 and data channel 1720 in each subframe/slot, §[0280], § [0281],
The UE is configured with 4 Rx beams 1691, 1692, 1693, and 1694 for cycling.

Assume the UE begin the Rx beamcycling from subframe 1701. The UE is configured
to apply Rx beam 1691 on OFDM symbol 1731 in subframe 1701, apply Rx beam 1692
on OFDM symbol 1732 in subframe 1701, apply Rx beam 1693 on OFDM symbol 1733
in subframe 1701, then apply Rx beam 1694 on OFDM symbol 1734 in subframe 1702,
then the UE cycle back to beam 1691 and apply Rx beam 1691 on OFDM symbol 1735
in subframe 1702. and 4 [0285]. And pages 16-22 of provisional application
62/421039).

Regarding claims 7 and 16, Guo teaches the method according to claim 6,
comprising: transmitting a second radio signal; wherein the second radio signal is
transmitted within the first time unit, and the second radio signal is used for determining
a time-domain resource occupied by the G multicarrier symbols (§ [0226] A gNB can
indicate UE to use an Rx mode for DL signal reception (PDSCH and PDSCH DMRS)
via RRC, MAC-CE or DCI signaling. § [0235] A DL assignment DCI may indicate
reference QCL resource(s) to be used for demodulation of a PDSCH assigned by the
DCI. q [0270], A UE can be indicated to use Rx beam cycling to receive control
channels via RRC, MAC CE or DCI signaling. UE can be indicated to use Rx beam
cycling to receive data channels via RRC, MAC CE or DCI signaling. §[0271] and

[0272]. And pages 16-22 of provisional application 62/421039).
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Regarding claims 8 and 17, Guo teaches the method according to claim 7,
wherein if the time-domain resource occupied by the given multicarrier symbol is behind
the first time point, the second radio signal is used for determining the multi-antenna
related receiving for the given multicarrier symbol; or, if the time-domain resource
occupied by the given multicarrier symbol is before the first time point, the multi-antenna
related receiving for the given multicarrier symbol is related to the multi-antenna related
receiving for the second radio signal (figs. 17A-17C, §[0272], a control region
comprises an N number of OFDM symbols. The UE is further configured to apply N
different Rx beams on the N number of OFDM symbols. The UE can be indicated with
N Rx beam IDs for the Rx beam cycling across OFDM symbols via RRC, DCI or MAC
CE signaling, 4 [0273], a UE is configured to keep using the indicated set of N Rx
beams across OFDM symbols for control signal reception in subsequent
slots/subframes, until another set of N Rx beam indication is received. §[0277], §
[0280] and ] [0285]. And pages 16-22 of provisional application 62/421039).

Regarding claims 9 and 18, Guo teaches the method according to claims 6,
comprising: transmitting first information, wherein the first information is used for
determining the first time point; or, transmitting third information, wherein the third
information is used for determining a candidate scheme for the multi-antenna related
receiving corresponding to the G multicarrier symbols (figs. 17A-17C, q[0270]- [0272],
The UE can be indicated with N Rx beam IDs for the Rx beam cycling across OFDM
symbols via RRC, DCI or MAC CE signaling, § [0277] In some embodiments, a control
region comprises an N number of OFDM symbols. The UE is further configured to a

same Rx beam on the N number of OFDM symbols. The UE can be indicated with Pc

Samsung Exhibit 1003, Page 101 of 290



Application/Control Number: 15/972,167 Page 8
Art Unit: 2477

Rx beam IDs for the Rx beam cycling across subframes/slots via RRC, DCI or MAC
CE signaling).

Regarding claim 10, Guo teaches the method according to claims 6,
comprising: receiving second information; wherein the second information is used for
determining the first time point (figs. 17A-17C, § [0270]- [0272], The UE can be
indicated with N Rx beam IDs for the Rx beam cycling across OFDM symbols via
RRC, DCI or MAC CE signaling, § [0277] In some embodiments, a control region
comprises an N number of OFDM symbols. The UE is further configured to a same Rx
beam on the N number of OFDM symbols. The UE can be indicated with Pc Rx beam
IDs for the Rx beam cycling across subframes/slots via RRC, DCI or MAC CE
signaling).

Conclusion
5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MANDISH RANDHAWA whose telephone number is
(571)270-5650. The examiner can normally be reached on Monday-Thursday (7 AM-4
PM).

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Ayaz Sheikh can be reached on (571) 272-3795. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/MANDISH K RANDHAW A/
Examiner, Art Unit 2477
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Division Multiplexing, IEAZHI RHI) £ %5 4 UE RS2 SAUE 5 R I P ICUHELS 5vaue N
AN 5E RIS » V gy =N 10d3 NN 1D CERI ) 5 0, BINBRE S
[0024]  F FEUA AR AT Rt 11 5 BT CoMP, BRI H BESE IR A 14 JF /0 464 25,
TeIESEIAS B 2 o 24 T A8 CoMP F AR REMS 725 [A] BT, /5 X R Eedm H BEAT Y i o

[0021]

ZIAARE

[0025] A% BH P B AR U A IR U, SOIRIRAT R AL, P& AL —Fh T H 3 A0 i A%
J718 AE CoMP HARBEWS S Fe 25 M H

[0026] O T fAdk Ok RlRE, A BRI —Fh T H AR AL S 71, AT

[0027] AN SAER I 1 nl FIR L [ n2 7 B R E T S22 S PMEEm & 1S
A

[0028] AT R £Ru 1 nl IR LR 11 n2 XM & H SAMNAFELE T H P4 Rt =
{518 PDSCH [ P | ;
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[0020]  Jral R & [ nl X A1 & H SIS R e [ n2 X R 5 & S A 2AH F 5 1E
Ay B OFDM 7575 b HAEATUSk b AH B 1AL .

[0030]  phAk, AT R £k 11 nl IR £ 11 n2 XFY K5 H S0 A0 I S S 40 28 B o & — 1
Pyt 5 A 2 4~ OFDM 755 .

[0031] LAk, FEIE BRI ATEE CP G I T, Bk R & 1 nl FIR Zedm H n2 XML H 3
AT S 22 21 ANEF BRI EE 6 A IEASA4r 2 A OFDM 75 BRI 2i+1 IR ES 7 A sk
2 4 OFDM 77 %5 I

[0032] i N KT55T 0 HIHEEL.

[0033]  Bh4k, ZEF B CP BN, BTl Rk 10 nl FIR L 11 n2 XN 15 FH 545 5 31
35 21 ANITBRIIES 6 4> OFDM K75 % 2i+1 DMITBRIISS 6 D 4 3 4> OFDM 7575 ;

[0034] i N KTET 0 FEEL.

[0035]  hAb, fEIEH CPAE UL R, BTk R Zedi (1 nl AR LR 1 n2 XF MY (1K & A S A04E I 3%
FRTBILS Ar E AT LA DL AR Fb -

[0036]  (a) iRk (1 nl FIR i [ n2 X %5 S48 e 258 21 NI ERATES 4
A~ OFDM 5 5 FIE 2i+1 ASIFBRIFES 6 4~ OFDM #7755 58X

[0037] (b)) ATiR Rk 1 nl IR LI [ n2 XY 5 F S AR e 225 24 DNIFBRATES 4
/I~ OFDM #7555 2i+1 DIFFRIKIES 3 4~ OFDM £F 5 ;88

[0038]  (c) FTidKekin O nl R L O n2 XM K& H S AR e 2028 21 NIFBRINEE 7
> OFDM £F 5 F1E8 2i+1 DI FRIEE 6 > OFDM 1575 58X

[0039]  (d) iR R&kiim 1 nl FIR i 1 n2 XN )% J] S AR it 2055 21 NI ERE S 7
I~ OFDM £ 5 FEE 2i+1 DINFREEE 3 4~ OFDM £7 5

[0040] i A KT5T 0 FIHEEL.

[0041] k4l 7E3JE CP B LT, TR R 4R 11 nl FHR LR 11 n2 X 19 % FH 5 5340 e g
B 21 DHTBRIGEE 5 4~ OFDM £ 5 F1455 2i+1 ANIFBRIK S 5 4> OFDM 455 5

[0042] i N KTET 0 [FFEEL.

[0043] b4k, Frak kgl 1 nl FIR £ 11 n2 XFSY 1 -S40 70 Ak Fi) e 555457 8 2 L LA
TARTH—ADERA e, BRI nl MR O n2 NS - S87E SR A E

= s

[0044]  (u*mM*H2+V,,.)mod 2)mOdNL® + NEP - Hpep ,Fll

[0045]  (u*mM'+v, ) MOAN2 + NXB oy s
. . " 12 ppscu _1 N .
[o046]  HiAdv,u A KT | IERE ;m'=0,1,...,— Ngg s Veniee AR ;NRB7'§I
u sc

LT3 A B B B IS sngny 278 S IR IR R 51, N g 1 2275% PDSCH
AN, LA R AR I 9

[0047] B4, BTERFLk i 11 nl 4R & FE S AL AR S IR B0 P st A
[0048] Tk KeLhedit (1 n2 XV ) & FH 5 UCEAE AN B BGOSR S5 58 S

[0049]  JEAL, vapr PTRARAT AN H 7 X2 —HRUA -

[0050]  (A) AVvye = N mod u ;s
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[0051]  (B) & vaup A/ T u B 2 5 EUH s8R

[0052] ©) % vyie =WMEI ID mod w;

[0053] ﬁqﬂ,Nge)”i‘g%)\*ﬁﬁbﬁﬂﬁ ID,, w 3 KT 1 IEREEL, AR EBRMERL 1D
NG

[0054] A BHIEHR AL —Fh & H AL 5 7%, 14T EE R

[0055] N AAERE I L nl MR 11 n2 7» B k32 TS0l 2 S E A& H S
A 5

[o056]  PIik K Zevm [ nl FIR L 1 n2 XTI & H S AUNAFAE T H T4 %01 PDSCH 1] %85 Y
He b

[0057] Pl R £Rui [ nl FAK L [ n2 Xf R 1) & FH 5 0043 5] W 555 AN [R] (1) OFDM 55 |
[0058] AL, FTIR R 2k 11 nl AR £ 11 n2 XY K& B SO0 B 158 S A fiF s — 1
ity FH 1 8K 2 > OFDM £ %5 .

[0059]  [hAL, FEIE CP G LT, Tl R & 11 nl XA H & S AR 2055 21 B BRIE
25 4 > OFDM 55 F1 2 21+1 ANHFBRIKEE 3 A~ OFDM £55 s FT IR R £k [ n2 XY 11 & F 5 40
WG B A 21 ASBTBRIEE 7 4~ OFDM 75 FIEE 2i+1 HTBRIVES 6 1~ OFDM 1575 5

[0060] i A KT4ET 0 [FFEEL.

[0061] LAk, 7EH & CP 5L R, BTk 2k it 11 nl XA (1% P -S4m0 mi 55F 20 58 21 A BRI
25 5 > OFDM 5 5 A1 %58 2i+1 NI BRI EE 5 4> OFDM 5 5, FTik K&kt 11 n2 X [ & H 5 40
WSS 25 2041 DNIFBRAEE 2 > OFDM #5755

[0062] i A KT55T 0 FIHEEL.

[0063]  BhAk, BTl R £t 10 nl AR £ 1 n2 SF Y K& B A0 A A8 14 e 547 8 2 FE LA
T AXPR— DB EHE -

[0064]  (u*MH2+V,)mod 2)modNL® + NEP - By 1

[0065]  (u*m'+vy,)MOdNL® + NRB.pons
12 \

(00661 et u KT 1 IKIEREHE ' = 0,1, == N =1 v,y WHERANE :  rEW
u SC

L T3 A AR R 0 U B BT /N gy 25 BEUR B SR 2 3] < N R 4% PDSCH
I S LB R R 5 5

[0067]  BhA, Fdk KLk 11 nl X RAKS L FH G AR AH A8 FT I B F S0 o7 58 S
[0068] Tk KL 11 n2 A 76 L P ST A0 I 50 FRO A e 57 8 AR 7

[0069]  IEAL, vy FTRARAH AN 77 2 —HUH -

[0070]  (A) Avg, = NZ'mod u;ak

[0071]  (B) & vgup M/DT u B E AR 585

[0072] (©) % vyip =MEEL ID mod w;

(00781 Hirp, NS g e AT bR 1D, w AT 1 (0 IE RO, AP E BRI PSR 1D
ENEE

(00741 SRFH AR IR 77 155, 4 CoMP BA Bt 3¢ 25 2 1) 52 1, I B8 304 5845 B 1) S 401 F

8
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o Ak, HT CoMP 1% H SHNAZAE T H T M AT IL = F1E (PDSCH) 2045 11 %5 U5
He b, fE T B ZY LTE Zum 4 00 R, n] LA LTE Ao IR £k 11 5 A& %5 =44 CoMP 43 Fid
R PR SHIRIE LTE-A Zum bt , w] LU A 8T a2 Sy em 1 A fr, HE3R19 25 a2 1 55 .

e 1 15 BA

[0075] K la BT HCARHIER CP IHHL T Kk 0 5 (1L H SO R A

[0076] K 1b BT HCAR Y JE CP K UL T Rk 1 5 1% ] ST R A

[0077] 1 2 RAK IS T H S AL AR I

[0078] & 3a Jy AR WIEE— S IE R CP & UL T~ R &k [ nl AR £k 1 n2 {95 H] 240
RIS N R

[0079] & 3b AR WIEE — ST i CP B UL 1 Rk [ nl AR £k 1 n2 1% H 30
RGN

[0080]  [&| da Jy A B2 S IE % CP 1% DL K& 1 nl AR e L n2 116 F 500
RS R

[0081] &l 4b Jy Ak B EF — S 4™ Je CP 5 DR R &g 11 nl AR e [ n2 & 500
WL N R

[0082] & Ha JyA A BSE = Sl IR CP & 60 R Zedm M nl AR ¥ 1 n2 ()& S
WA R

[0083] [l 5b Jy A B 2K =SB4 e CP 1% DL R &g 1 nl AR e 1 n2 11 & F 500
RS 7 o

BRI iEHA R

[0084] A HFKIRZ Oy AR , i T4 CoMP S #ra[R &, 5 XA~ AR 2k 11 (LA
AN LA SUPAS RS2 it 1 M4, I8 VE R St 11 nl FHR 631 11 n2) LU AR K& FH S8 T
Z r M EAE ST PDSCH )54 o

[0085] N YHIMF £ B PIAN St A9 X6 A i BH AT VR4 HE IR

[o086] 4] 2 s ANk BH St 9] & S AR B AL S U7 VERURR L, Wil 2 P, iR AR W R AP
% .

[0087] 200 :& T A8 CoMP Sz #2% (6] 55 FH , 52 X R kit 111 nl IR LR 11 n2 K2 A5 MY [ FH P e
SEE S8 (RS S0 ) s REI 1 nl FIRLS 1 n2 MAEN L HS8HH T 28
N (B, FEk | Fh4kG ) B R PDSCH A5 s R Em 1 nl AR 2 1 n2 SV IK &
S ITAANATAE T T4% %7 PDSCH (% dsible b CBIAN AR5 0 52— F P 23 B 1K) PDSCH B 4%
SR v [ nl R Zeui [ n2 XK & H S50 , 185 R G w218 50 H P R Zeum 1 nl FER
2o [ n2 XV H SR GAAAE (RUETT R IE R0 1 nl FIR S 1 n2 XV £ H
FAM) o

[0088] 201 FfR&kum [ nl AR L 1 n2 XNV 1 & H S AT 2E H T-4% % PDSCH [¥) 5 Y&
He b,

[0089]  FHT CoMP, JUH: /2 CoMP Z5 A &2 H B, 3 3d A TARIE A /', Rk 1 nl AR LR
1 n2 Xt N & F S AR B e N 25 P (RIS S R ) A 1B CP 1l R A R Zkim [ 5

9
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IR PSS IR el N85 B 172, R8T R CP S IL R A RS 1 5 X NI & F A0
I S N2 R ) 2/3 B 1/36

[0090] % R &kum ML 4 )7 3R, RS [ nl F1R i 1 n2 (408 3 478 B 55 36PP
36. 211 HOR S 11 5 [R5 0 B AH (R sAH 24

[0091]  "NHIKE &G B EIXS A R BH 16 L F R A ) 5 VA0 AT UL o

[0092] (1) 25— Wit St a1

[0093]  ASZjfs] , KLk I nl AR um [ n2 XF Y& F S A 5 31 R 4k 28 35 S0
Rk 115 XTI & A 5805 A 1 OFDM 7575 |, HRZRus 11 nl FHR i 11 n2 X Y.K%
SAT S B AH [R] () OFDM 755 |

[0094]  IEH CP LT, A 4L G455 FH ¥ OFDM #5524 21 (i W K T2 T 0 i3y, LR A
A slot CIFBR) [R5 1.2.5 A OFDM 455 (1 = 0.1.4) FI%S 2i+1 4> slot K55 1.2.5 4> OFDM
T (1= 0.1.4) s R&m 5 XM & H ST 58 21 ADSIFBRIKEE 4.7 A~ OFDM 7% (1
= 3.6) FIEE 2i+1 DIBRIZE 3.6 4~ OFDM 755 (1 = 2.5) .

[00905] ¥ J CP 15Ul R, AL S 1K OFDM 55 K58 21 AIFBRIKIES 1.2.4 4 OFDM 4%
RS 2041 IR A 1.2.4 > OFDM £ 5 s K& 11 5 XTI & S A0Ar 145 21 I Bt
(155 5 1~ OFDM ‘5 R4S 21+1 DBTBRIES 2.5 4~ OFDM 5 o

[0096] (1. 1) 1E% CP1HFI

[0097]  FEIEW CPIHIL T, Kk H nl AR Zeui M n2 X M % - ST I IS AL 758 21
AT SR 6 > OFDM 75 HIZE 2041 DNIFBRIYESE 7 D85 58 4 4> OFDM 575, Wi 3a s,
[0098]  FEIE CPIH UL T, R&kufi 1 nl MR L 1 n2 XNV & - SALESE 21 DITBRIY
AATE (B OFDM 75 5 i fEfrE ) HAXK RN (@) M (a2) HERERE—AH -

[0099] (a1) (u*m'+vy)MOd NS> + N=° - Apppfil

[0100]  (u*m*H2+v,,,)mod w)ymodN.®+ Ny’ - Pogg;

[01011  (a2) (@*m+2+v,,)mod %)modN 2+ NL°: Hpppfil

[0102]  (u*m'+v, ) modNL® + NX2 - By .

[0103]  FEIEH CPIH UL R, Rekui [ nl MR Z v 1 n2 XL - FAPES 21+1 IR
Fs AT & (BRI OFDM #F 5 I fEfr & ) HARXERA BiR (al) f (a2) PERMEE—4.

12
fot04]  Hrp, BAEAAR u KT 1 IEREEL Uikl 4,,EZEF'm'=0,L---,—u-N§QSCH -1.

[0105]  (1.2) §" & CP L

[0106]  7EF R CPAEHL T, Rk [ nl FIIR Lk 1 n2 X M (1K) & H - S AN I8 B A7 &
R 21 ANBTBRIGES 6 4~ OFDM 25 2 R4 2i+1 ANBTBRIGES 6 Dk 3 4> OFDM 742, i
Kl 3b PR

[0107]  7EJ & CP & UL, K& [ nl AR ut 1 n2 XM [ £ F S AAE 2 21 IR
ARl A& (B OFDM £75 T fEfr B ) H A XK iR (al) M (a2) PR —H s RE
v [ nl AR Zeum 1 n2 XN EE H SRS 21+1 DI BRIEAL & (BRI OFDM %7 5 BT e 47
H) HARE RN LR (al) # (a2) PRYER—A. Hrh, IR o BUEH 3.

[0108] iR vy AN EZN X BAS R EBC R S Z A S . RS RS 77 b, T S

10
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3GPP 36. 211 H 5 XA S AL R i 11 5 XM [ & ] SAERASZEAR [F] 16 OFDM 755 I,
AR FARYE P E IR R FEAT BB o BT vy, PTEAVRAE BRI 1D SEAT ST BEAR .
[0109]  (2) 2 WL S )

[0110]  ASZHEWI b, Km0 nl AR Zus O n2 XN K& H @40 EH 7R O 5 Xf [
(1& A S0 5 H K OFDM 7 5, 7RIk _E AR T S A N 25 A2, HLOR S [ nl 1R £ 34 [
n2 RV R H AL B AH 5] 1) OFDM 7775 .

[o111] (2. 1) IEH CP i

[0112]  FEIEH CPAEHL T, K&k 1 nl FIR LU 1 n2 X 1 & H S ATE I 3800 WU A7 &
LR P MM ERE

[0113]  (a) K& [ nl FIRE i 1 n2 X N1 L& A6 55 21 D ETBRIES 4 4> OFDM
T 5 HES 2i+1 NEFBRIFIEE 6 4~ OFDM 755, W1 4a Fios s8¢

[0114]  (b) K& [ nl FIRK L [ n2 X/ 1K) & B A3 A7 T-58 21 NIFBRIKIES 4 4~ OFDM
FET A 21+1 DI EE 3 4> OFDM £ 5 s8R

[0115]  (c) K& H nl FR S 1 n2 X MK & AU AL 758 21 DI EE 7 4> OFDM
TS A 21+1 DBTBE S 6 4~ OFDM %5 s8R

[o116]  (d) R&¥m 1 nl R L [ n2 X[ 1 & F AR T-58 21 DIFBR T2 7 4> OFDM
FF 5 HE 2i+1 DEFBRIKIEE 3 4~ OFDM 55 o

[0117]  FEIE CP &R, K& O nl AR O n2 XM & H S AR 21 NIFBR G
AL E (B OFDM 75 5 T 7EAr E ) FHAXE RN Bk (al) # (a2) PR —4H s R4
st 1 nl FR S 1 n2 X NI L SRS 2i+1 A0 B4 & (BRI OFDM 75 BT 7R 47
F) HARERN R (al) F1 (a2) PRYFEE—4H.

lo118]  (2.2) ¥ k& CP I

[0119]  FEP JE CPAEHL T, R 1 nl FHIR LU 1 n2 Xf I (1 & FH S ALE B 380 WL 467
YOS 21 ANIFBRIES 5 > OFDM 55 FES 21+1 NI BRIES 5 4> OFDM 75, Wil 4b fror.
[0120] b4k, fEH R CP B R, R Ze i 1 nl R LR 11 n2 % 5 ()4 F S S570 Ik 38 1 e
SR E AT LU 5 21 AN BRI EE 5 4> OFDM A7 5 A AR 2i+1 AN BRI ZE 3 A4~ OFDM £ 5 6
[0121]  7EF & CP &L K, K& [ nl AR ui 1 n2 X 1 & A0 2 21 NI ERI
AL (B OFDM 45 5 i 7EAr B ) FH A XK RN Bk (al) 1 (a2) PR -—H s R4
g 1 nl MRS [ n2 XMV & SRS 20+1 AN BREGAUSA & (BRI OFDM £ 5 Bt 747
) HARERN ER (al) F (a2) hfFE—4.

[0122] DL bSIffl (3 R kim0 nl AR £ O n2 XSFRY 1) & FH S A5 S 210 AH [F 1
OFDM 435 | HLZEAT b 1B AT (BP R £ 1 nl Xt Y 1K) & FH S A Bt 31 (1 %2 5 56 (resource
elements) 5 K& [ n2 [ & H S AL 2 1K) 205 oA T [F]— A1) OFDM £ 5 |, {HAEA
B F YA [ R g 95 B G, L EIAESTR E A EAES ) .

[0123]  (3) &5 = W shf S i 5]

[0124] ARSI, Km0 nl ARk 1 n2 XN I & SA0E M TR 1 5 X[
()& FH A0 5 17 OFDM 1355, 78 i s FRAR T M i N 235 B, FLR £t 11 n L FHOR Sy [
n2 Xt IR & S 053 il RS 21 AN [H] ) OFDM 755 o

[0125] (3. 1) 1IEH CP1&5W.

11
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[0126]  FEIEH CP UL, REkum 1 nl FIR i 1 n2 X% F G AE I S5 B LA 47
AU R R —

[0127]  (e) K&yt [ nl %R [1)& H AT T2 21 ABFBRIEE 4 A4 OFDM 75 F138 2i+1
ASEFBRIFEE 3 A OFDM 75, K& i [ n2 XM (1) & F- S 047 F 28 21 B BRI 7 4> OFDM
FT5AE 2i+1 ADNISERES 6 4> OFDM £ 5, Wil ba i 8k

[0128]  (F) K&k nl X MK % HI AL T 58 21 DI ERIES 7 4 OFDM 7§ 5 F158 2i+1
A EREI S 6 A OFDM 775, R i 11 n2 XM H & F S5 T4 21 DIBREISS 4 4> OFDM
Y5 A5 2i+1 ADRFEREIES 3 4> OFDM £ 5 .

[0120]  TEIEH CP &ML N, R 1 nl MR e [ n2 XV K& I SARAESS 21 A B
5 2i+1 M BRI AT B (BRI OFDM 27 5 T fEA B ) HARERN

[0130]  (u*m“+vy, )MOdNL® + NP - fpps 8K

[0131]  (@*mH2+v,,)mod #)modNZ® +N2®-Hpn.

fo132]  FL rp, DL B A KX b ey KT 1R OE B O ok B ou I 4.

m'=0,1,..., 2N,‘{R‘?SCH -1
u

o

[0133] 41l 5a s, Rk L nl XF MY & A S IAES 21 ASBEERRES 4 4> OFDM 7555 [
ST B 5 R RS O n2 X R F PAAE S 2i+1 D EFBRIKIER 6 4> OFDM 7355 [ 43 47
AHIF] s R e L1 nl AR & A SA0AE S 21 A INBRIKES 7 A OFDM A7 5 (13U A B 5 R 2
M n2 XL S ARCESE 20+1 ABFBRIKES 3 A4 OFDM 155 [ 45U A B AH ] o

[0134]  (3.2) ¥/& CP 11t

[0135]  {E4"Ji& CP AL, Rk 11 nl AR Zedifi 1 n2 Xf V11 & 5 AT B S8ty e S5 447
AT BAE R 1 nl A7 T35 21 AR SR 5 4> OFDM A7 5 FI5S 2i+1 A BRI SS 5 4~ OFDM
5, Rk O n2 7 F 55 2i+1 ANHSBEEE 2 4> OFDM 555, 41l 5b F1os, s #

[0136] e & CP MU, K&k 1 nl FIRZ s [ n2 X1 L HIS A 21 A BB
5 20+1 DI ERAAEA B (BRI OFDM 7475 BT fEALE ) HARE RN

[0137]  (u*m'+v,, )Mod NS> + NXB . pen 5k

[0138]  (w*m'"H2+v,,,)mod #)modNL® +Na° - Hpgge

[o130] I b, BL b 2 b uy K TR B O%L ARk R u B {E R 3.

m'=0,1,..., 12 NFDSH _q |
—Nes.

[0140] AL, 7E BB SEHEGIH , v BIEBUE AT R 20~ LA 7 Az — -

[01411  (A) i¢H8 36PP 36. 211 {7 AT R, v, = Noo mod  u;5%

[0142]  (B) 2 v A/ T u HYREDE W EAE 5K

[0143]  (C) EEAAEERPY B2 RN RURHAH R Voo ASFMELN BN
FHER A F Y Ve, s AR BIPEEGE CEMEEL 1D, vayr =PHEEL ID mod w, Hirr w 24
KT LB IE R s KA IZ AR T7 2, AT DUAEAR R PRI 2 R AN ma A s e —, i g —
HI3GE 7 AL, 5 THEAT 2 5 3

[0144] 202 :AERZ% H nl FIRZd [ n2 (E5HES T PDSCH 204 F1 & H 340 RB.

12
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(01451 44K, thn] DL e PR % 77 20« JR R 2k um A% By 7 2R 22 R 2w DA% 5 77 2% 5
LEHOR 2 RS, SR 3GPP 36. 211 58 X BRI RZum 0 5 &% 48 2 R um A&,
BT LIPS B AT R 2 1 A& % o

13
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7 % | 7
% % % 2
L %
. %
7 %
% v %
% % )
7 % ]
% 7 7 >
% % 2
=0 _ F6(H0 =6 J
LB EFHE IR % %
= - - I=0 1=5 |10 =5
RS
REW O5H9% 24 < R 1
R OIS0 5 S5
Kl 1a
K 1b

SE X R Mnls n2 RARMN Y% S50, Ve 200
WERERZEINA P R Hnl.
n2%f B ) & SR B AR

R CInl. n2X B2 5 SABE | /0
FHI -4 SIPDSCH i Ut -

A

ZERER Ol n2/EHBE T e 202
PDSCHHUE N - 45 52 K% Al 9 4RAURB

K 2
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1111 Hl H
| =
= ‘ i g 1[0
R R =0, 510, =
(LB H R
S On2t S B
B =ssmnmemen  [[[[rasion R | P——
3
Kl 3a i 3b
Il i
|
] |
=0 ! 1-61=0 -6 i Iii
=0 I=5|1=0 =5
- P kanla 3R B R
Bl =zosonmenen [[[[Resonnemnen Plxsscmmemen [[[resnmnenss
Kl 4a
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Mt 3/3 7

.

l

H 1]

[

-0 : 1=6{1=0 -6
BB Sl FFHATBR

Bxsnoumenss [[[[Rasonmenses

Kl 5a
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R IEEE, — DT T RIRA AR T AT RIE, —
NP T B A 2 PUCCH #8628 {1, 1a, 1b} £
—A™ LTE BT BN I8 45, BRI J 2 1 B0 2. AR
HH B 4 18 o 25 ZE B, [R) B R AT B LR KF AL A LTE
B AR

ok
201

PRI
202

,

203

¥
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1. — P SCEMIRIE IR To 4l A5 (19 UE w7 vk, Horh, dE T 5% .

- IR A BE—EA B ST N AL 0 0%

- BUR B, U N MEFELH, TR N A ERTELZE 5 I 7E N A LTE BB 26

- BB CAE N ADFREIEA T 9 5 K% NA FATEA, Fk N DRI 5 50467 T N A
Ja 8 LTE W, Bk N A BATAE 243l 48 7= ik N AL B 2E v (1 A B B2 T3 B A 208

Ho, 55— (54 AW EES, Tk N & EEH, —ADrd ARt ¢ MEfmbR,
Pk G e BB . — DR IRA AR J DF 3R, — DR 7 EIR A RUR A e A
FE—AS LTE BFBR A B2, g J N 1 B0 2. PIrid e el iz — -

~ % —% 3 . LTE PUCCH 4% {1, la, 1b}

— 85 k&3 . LTE PUCCH 482X {2, 2a, 2b) o

- =4 . LTE PUCCH #% 3K 3

- kR . T ST 20 4 ACK/NACK EL4RAY PUCCH 4% K.

2. MRIEACRIEER 1 PRk 777, HAFFEAE T, BTk D3R A i B 45 AP 3R -

— IR A0, FRIEE (54, 5 54 1ER L AMEIE TR, Bk L A2 (R84

o, S5 AR — 1k 2 YR FTIAR L ANk IR IR 5], 55—k 2 IR A
B NAFBRIRHLERL, 8 E4 R EEE S, — DB 51k BEIRAE TR N AN 542 LTE iR
53 AR — A PR B

3. MRAEACRNZER 1 Frik 77 vk, AR IEAE T, iR 4 s R S — S — (5 A a5
FEEEME AFE, 5 BT N A F R IR B A 14 5, 55 (5 BN
— I YRR GBI A LE B — R R IR R B R & 58— RIBCR IR H SR — 520 5 AT
F—MEIER TR TIAE, 55— 1% 8 BWIRH TR N AT R IRH A R, 58— QI B R AE B
IR N A G 22 LTE B B R (R RSB0 1 54 5 ) B4 — D P+ 52 . 55 —(5 20T S Y RE
HH— AN 2 AR5 18 e 4 al, BT 518 oo TP RE WA RE, BTk W A2 KT 10 [ 1E %
o

4. MRAERCRNEER 1 ~ 3 TR 7775, HAFREAE T, Ik D3R C i B Haan TP IR -

- IR CO. e PTIR PATE A B RIXE D Z N — D2,

o, 55— Dh R M & SR AL 1 AR A0 26 ARk, iR SR A2 42 HH B A5 TPC iy &4
AR TPC iy A BT Ha 78 KV B Sh 2 (W A0, BTk B Ax TPC fn 25 & 55Tk UE /£ HE &
Ja R B 5 — 15 AU RN T A 3R 215 2 FR 8 1 TPC fn 4.

5. ARIEAURN LR 4 ik (77, AR T, 55— Dh 38 2 2 I LTE 77 0 5E 1 ik 45 52
¥ A AROEDNZE, B T W M IE -

— SRR SR EARE g (1)

- BN 3dB EIMmES .

6. —Ph SRR B IR TR M5 L s P (512, o, BRI N AP IR

- IR A RIEFE—EL, F— (S5 E N AL 0 0%

— B B, ik N AMEHTHA, BR N MERTELE 2 576 N A LTE IR & 26

- YR C. 7E NANJE4SE LTE BFRR 2 A2 N A BATE S Frk N A FATE A 9 36 R i
IR N AL H g v AL S b2 75 4 TR A i

Hod, 55— (55 B EEL, TR N2 IEREL, — DR E b A Fs ¢ MEmbR,

2
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Pk G 2 B8, — DR 3R UEA AR J DFRIE, — DR 7 EIEAE RS e kg
FE—AS LTE BFBR A IES 2, g J N 1 80 2. IR el — ¢

— % —4% = . LTE PUCCH #%=X {1, 1a, 1b}

~ % k%3 . LTE PUCCH #%3X (2, 2a, 2b} .

~ % =53 . LTE PUCCH &=, 3

- PR . TSR 20 4> ACK/NACK EbARfY PUCCH 458 2K.

7. MR EE SR 6 BTk i 771, JoRFEAE T, Frid 20 4R A IS5~ 9% -

— IR A0, RIEFE G4, EASATEN L AMEIE IR, Ik L2 E .

Hodr, S —F AR — 1k 2 WIRAE T L ANk IR R 51, 55—k 8 IR HH AT
B NAFBIRAELRL, 38 52— E 2G2S, — DTl 51k SR AL TR N AN 5 4L LTE IR
5 A AR — PR SR

8. FRIZIUHI LK 6 ik 714, HAFAEAE T, ik gs g 22 5 — 4% 20 (S A0
FEEEME FE, B BT NS F B IHH X B 1A 5, 88 fE BN
—IEE RIR R GIA L — KRR RS MR & B XRBCR I HE—FA 05 A
FE—MEIEBITI R T T, B B HPTIR N A H IR 4 i, 55— QB IR AR A
IR N AN 82 LTE B B o (A S0 1 5 5 B B 4E — DT R4 . 55— 15201 5 I RE
FH— N 2R (5 18 B e 4 A, BTIR 5 18 50 R ADRE W AN RE, BTk W A2 KT 10 (19 1%
.

9. MR AURIEER 6 ~ 8 BTk 7 vk, HAFFIEAE T, Frid D3R C i @4 an T AP IR -

— PR CO. e ik FATE A MIRIE D Z N — 3.

Hor, 88— Th M & SR AR 1 A8 A 28 PR AR Ak, ik S R A2 {E A2 FH B b5 TPC iy & 45
GRS TPC 2 AT Fa /R WS Th 2 (Y R0, ik B AR TPC Ay 245 B F5 Tk UE fEH &
Ja A EBIEE — 15 AU BI BT 3R 25 2 F878 19 TPC fin .

10. FRIFBFIER 9 Bl (077 v, HAFIEAE T, 56— DRI 4% 08 LTE 7 R M Tk 4y
FEAE R RIXE DY ZE, B T W MEIE -

- SRR SR EARE g ()

- 180N 3dB MEIMmES .

L1, — PP SCRMIRAE IR Te 835 19 F - e 4%, Horp, ARG Ak

B HTHRECGE G4, B ST N ML i ok

SRR TR N MBS ERAL, TR N ARG BIAE N A LTE B i & 5%

SRR H TAENADFRIRA P 4 B IENAD BATE A, Frik N A s o 5l T
NANE2E LTE BB, Bk NAS EATAE 2 i d8 75 ik N AR far e 2 v i A da e &5 B A e
"o

Ho, 55— S5 RMIEEL, TR N & IE8E, — DNk A AR, ¢ MEHbR,
PR G JE E#EE . — DR 3R UEA AR J DF 3R, — DR EIE A U4 B 4
FE—AS LTE BFBR A IS, g J N 1 80 2. IR ek el Tz — -

— %5 —4% = . LTE PUCCH #%=X {1, 1a, 1b}

~ % k%3 . LTE PUCCH #%:X (2, 2a, 2b} .

~ % =% . LTE PUCCH %=X, 3
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- PRI . TS0 20 > ACK/NACK EL4Rf{ PUCCH #% =Ko

12, —Fh SR IE IR TR 15 (O 3L 05 W 4%, Horr, 5o AR .

B T RIZFE 54, B 5T N AL 1 R %

B RREE T RIS N AMESERAL, Bk N AMESTE A 2 BI4E N A LTE B B &k 2%

=AY A TAE NANE 22 LTE IFRR 4 U N A FATAE A, Bk NAS FAT(E 24 046
TRPTIR N AL A HegE vh (R4 S 2 75 4 IR AU

Hoh, 552 WEEELS, Pk N B IEEE ., —Drd e a4 ¢ MEHbe,
TR G A2 IR . — PR FHIRAEAAHE | T 5, — DR 7 2R ps U 45 e A5 X
FE—> LTE WFRR N BI3E 5, PR T N 1 B 2. ik e g T2 — .

— 5 —#%5 . LTE PUCCH #%3X {1, la, 1b}

— 55 4% . LTE PUCCH &=, {2, 2a,2b} .

~ 5 =% . LTE PUCCH #& =, 3

— UK . BTS2 EE T 20 4 ACK/NACK FL4Ri¢ PUCCH #% .
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TEkBIEP—MREIR G EMEKE

B AR SE
[0001] ARV KLICLeim (5 R 4 ALt 7 52, Fr pl 2 ¥ A AL T K IHE 3 (LTE-Long
Term Evolution) MMIRREIRFLHK ik M2E & .

BREAR

[0002] 7F 3GPP (3rd Generation Partner Project, 28 = L& 1E4k 2T B )RAN (Radio
Access Network, TTEAEA M) #63 Ik4x 4y b, FEAK LTE W48 B9 GEIR X — PR T i . LTE ¥4
2% O AEIR AU FE 2 I GEIR , {5 5 AR TR QB , 577 i 2 [E) AL B Qe i) 55 o Tl S T 2 8 AN X FAZ 00 A
I 2% A% i B I 4 A X PRAIS T o B EL 28 B e A PR 2 R ) P AR I L 5 15 5 AL PR AE
I 4 . 25 B T

[0003] LTE &, TTI(Transmission Time Interval, 4% %y B} [8] (6] B% ) BY & <+ i Bk &
PRB (Physical Resource Block) Xf (Pair) ZEBF[A] EXf M -— ms(milli-second, &%),
A LTE Fit B FEPI NI ER (Time Slot) — 7352 55— I BRATEE i [ . PDCCH (Physical
Downlink Control Channel, Y5 NATHEHI{EIE ) 5 ] PRB XJAIHT R > OFDM (Orthogonal
Frequency Division Multiplexing, IEAZH B ) 55, FTik R &AL 4 B EREL, Fr
i& R B PCFICH(Physical Control Format Indicator Channel, ¥R Hi4% 046~ 1518 )
BLE . XfT FDD(Frequency Division Duplex, #i4r X 1. )LTE, HARQ (Hybrid Automatic
Repeat reQuest,VB& HBNHEALIER ) [BIFANS A2 8ms, /D& ) HARQ HEALHE T K EL 1 ms 1)
W& RER o DR G REAIR 2 1 3R il Y BEAIK LTE &8 eI 17 20T B .

[0004]  EFXF LTE HHAFFEEAC I A% T RE ARG — ] J, AR BHBR (L VAR TR . FEULHE
L FEAMEREIEOLE , AHiF K UE (User Equipment, A3 )7 4% ) P B9S2 6 51 A1 52 i 491 vp
HRRAE AT AR FH B 0k v, S 2 TRAR o 3F— 10, FE A MG D0 T 5 2 FR AR 1) S i 91 A S
JH A5 AR PT LM A LA A

LIARE

[0005] T BEARZS AL, — AN B 7 V2 R ARG TTT, #0 0. 5ms [#) TTT. KEIA
TR FUR I, TTT B R RS O GER ) -— AR 2R, I8 Ims [ BATY R 2 324045 A Brm
KPR SE P 2, 52 25 B e S B3R o 3 — 2D, B R M5 A 1077 SR AT RS BLA 1 LTE
W

[0006] A EHER X Bk ] R AL T R BT £

[0007]  ARKHAH T —FhSCRHMRLEIR To 8 (5 19 UE Hid v, Hodp, AR N AP BR
[0008] - IR A HWEE—F4, 85— HE N Mg it Ri%k

[0009]  — PR B. 42U N LG, Pk N AL HrHd 23 48 N A4S LTE I iR 0%

[0010] - PIR C. 7E N ADFHEIRA P 50 KIE N FATE S, ik N ASF IR 5 T
NAN %L LTE B R, Bk NS FATAE 240 878 Fods N AL R e 2 v R AL B B2 5 4 B af e
a8
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00111 v, S S5 RWHEE(E 2, ik N E IEEE . — D Prd e Rt ¢ MEH
He, BriR G 2 IR . — DR FRIEAAHE J 75U, — DR+ BRI U 45w 4%
FAE—A LTE BB IS4, Bk J oA 1 803 2. Frid S et sUe L2 — ¢

[0012] - #-—#%3 . LTE PUCCH #¥%58 {1, 1a, 1b}

[0013] - % %3\ . LTE PUCCH #¥%5{ {2, 2a,2b} .

[0014] - 2 =#%=\ . LTE PUCCH %X 3

[0015] - ZEPUE . AT SZERELE 20 4~ ACK/NACK LLAFH PUCCH 4% 20

[0016]  EIRyiEH, EAT S AFE—A LTE B R o A 3%, i/ 7 2 D REiR . 53— 5 1H, 3%
YRS E =SS HCNTIR FAT(E 23 &R FEA & IS5 IR, B#{K T BLER (Blocking
Error Rate,i®R¥RZ ). Bhah, v/ 55 —AsAr B T FE 1K) PRB BL & Rete (fE4 ik AT
KIRDNZERAT TR ) mdem bATEEEHE .

[0017] B3R5 55— AN S A2, ZE TR N AN LTE B B b, Brak 47154 nl GE B AT 1
LTE PUCCH #%=X (] 2E—A& AN 28 4% =0 ) 78— PRB i dF, RO PR 4715 4 F0 LTE
PUCCH ¥ Y53t 52 PRB, 42 & T 4L 1802

[0018] A/ W, PUCCH %5 A& LTE H [ PUCCH Resource. FENME X5 TS36. 213 Fl
TS36. 211 H1 [ PUCCH resource HIE M.

[0019]  YERN—ASEHER], Frik N A+ B IRE AR/ Bk f5 4L LTE BB AT S A (—A4
B £ ) PRB & AHIA

[0020] R A-—AsLiEh], —prdFHIRHr S Z (T 1) A PRB AESUE a2 ik sk
[

[0021]  AEN-—ASLhE B, Bk 5 U5 k% 2O BT iR 25 58 4% X il 845 (RS (Reference
Signal, Z#2/5%5 ) 15 B SC-FDMA (Single Carrier Frequency Division Multiple
Access, BLEPEANEH ) 75 BECERAE , RS /75, 8 HIRF 5 B o A B9 SC-FDMA 55 (1
Dr &, YA RF 5 WL 2 RE IR H I IEAS P20 |, Bk 18 6l 775 B HARQ-ACK ELA4Sr 18 il 11 e o
[0022] R R—ANSLhEs], Bk B A% 2R B 25 58 4% 2059 il B 65 HARQ-ACK LLAF2K .
[0023]  AER—ASEHEH], iR N 4 1.

[0024]  AEN—ASLHEH, BTk N 24 2, Bk N A LTE B BJg T4~ LTE i,

[0025]  Ey—ASEHEMG, 55—k 8 BEEXTSLK) PRB J& T PUCCH [X 8. BRIk EAT(5 468
g P12 — A% TUER AR — 4% 2UAE— > PRB Hh 3L /7

[0026]  AERN—AsEHEH], 55— 52T T E (Downlink Grant) [ DCI (Downlink
Control Information, FATIEHNEE ) . VEN R SLHEM I —ASFSLHEH], 55—15 4 J& DCI
¥58 (1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, 2D} R [R—Ff,

[0027]  PEN—AS2iEH], Pk 4% b & MAC Medium Access Control, BEA4e N sl )
PDU (Protocol Data Unit, X EIEEIT) .

[0028]  fEy—ASEHES], Pk G 2 Lo

(00291 R N—ASEHEH], Pk G 2y 2, rik G A& 73 ) B AS [R5 R Zevm R 3% .

[0030] R A—ASLHEH], 55155 AR 6 NGRS RG], Frid ¢ AN G452 5] 55
H T Ha 7R i A& e g b (R Bk G A& S pir i A 50 1 ) 7 S0 w22 (RO Bk N A%
P AL AR E ) G AN MCS) o By LR SEEA] ) — A St 141], Bk 1 il g 2 51 52 LTE

6
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[ MCS (Modulation and Coding Scheme, JH#E|ZRAS T2 ) .

[0031] R N—AsEhiat], Prid s e e 5 — 482 rik J 4 1.

[0032]  fEAN—AsLhEfs), Prd 25 e Roe 5 A8 2 ik J 4 1.

[0033]  fEA—ANsLhEf], Pk 25 Eag RS 5 =482 Frid J 4 2.

[0034]  EN—ASLHEH, ik 4s e 4 Ao s VU&=, ik T KT 2.

[0035]  AEA—-skitsl, 55 DU 2R AE B G BURBUR T 5 1375 T 4% 46 HARQ-ACK 1)
PUCCH #& =24,

[0036]  FEy—AsEhEt, 55 VUA% XA —A> PUCCH 35 & F i PRB X J#ECE KT 1.

[0037]  fEN-—ASEHEf], Brik EAT1E 4 H T 4878 {SR(Scheduling Request, i i1
3K),RI (Rank Indicator, #F87~),PMI (Precoding Matrix Indicator, Fgmia4EfEde~) ,
CQI (Channel Quality Indicator,{Eid/fi &S~ ), PTI (Prcoding Type Indicator, Tl
AR ) b PP EEE 2.

[0038]  EAKM, R¥5 A K I — A J7 1, FARFEAE T, Prd P IR A IS FE W~ D3R -

[0039]  — PR AO. $UREE 154, B EA1RR L MR IR, ik L 2B %%,

[0040]  Hith, 55— (5 SRR U BIRAE PR L ANk SR b 09 5, B s R
H TR N AP B RAH AR, B G2 mE G2, — Dk ik BIs £ ik N A5 42 LTE i
Rt o A A — D PR 7 2R 4L .

[0041] X {55 A% S5 =A% 20, BB VUAS X ), LTE (1945 G 4 & Fr 5 A 1) PUCCH B
RHEZELSIER . F, 5 2 E AR E ST RATE AL Sl PUCCH 154 R A nh
Ko

[0042] BN R 77 B — AN SKE, B 25 e 4% U2 58— 4% X2 A PUCCH A% 2.

[0043] R N—AsEHEH], 55— 15 2 FEH /N X EAT

[0044]  FERN—ASEHEW], Pk EATE 208487~ B AR S 75 o R 42208 Bk B ARfg
ML PTIR N MBS 2 S AR

[0045] V1EA—AsLiEH], 58 154 & RRC(Radio Resource Control, LB IHEIER]) E1E5

%

[0046] R R-—ANSLh@fs], Frid L /& 2 B EEEIK R

[0047]  HARRY, BPs A K B — DT, HARREAE T, Tk 5 E@ig g 8 — 450 15
SAFEE-FEMNE FEE, B-—F BB RITIR N A B IR X N s i 5, 3 F B
TEAE—mE BN RTIHLE - REKERNRIINREE. 5 REEIREE G2
S —AMEIE R TR 5 S, 85— BWIR H TR N A IR A B, 55— QR Bt
PRAE TR N AN 42 LTE B B b (AN 10 A 40 i L ds — N Frid w30 . B2
I RE HH—NECE 2 PR (5 18 S oo i Ak, Frif (518 oo P4 4E WS RE, A W 2 KT 10
) IE

[0048]  Xf T 55 —#% 3R, LTE H4% G0 28 o 4% T 5 A 9 PUCCH 8% Y5 42 FH PDCCH (Physical
Downlink Control Channel) BT &5 FHBIEE—4> CCE (Control Channel Element, f5il{5 18 &8
J6) WRTIFTfeRm. LRI, 55—15 B B T2 NPT UE e B4 5 i &34 140
T, B B BT R A 5 — A% =X PUCCH 15 & IRH 2R o

[0049]  FradAiiril 5t fe H TR 5 — M A RS T AL R P — fER—A

7
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SEHEG), 85 BE 1 ME B R .

[0050] B RN—ANSLhaf, Bk W& {32,36) H—1

[0051] VB RN—ASEHEH], 55 —15 446 PDCCH _EA%46, Pk (s 18 #6702 CCE.

[0052] B R—ANSEHER, 5515475 ePDCCH L AL%, ik (578 % o & eCCE.

[0053]  fEA— AL, F-—(E5 A —A LTE S i 55 il B b AL 4, 58— S A
FHT) RE ££ LTE I} B o %) &1 220~ PDCCH Bt 5 A 19 RE 7E LTE I B P i - 2 A0 [R], Frid {5 18
FLIGHT (5 A RE 7E LTE BB P9 i BE 2 F0— A~ CCE BT o5 FHIY) RE 7E LTE BB P i) L ZE A0 1)
[0054] R R-—ANSEHA], 5515 AE A LTE I BRI L4, BTk (518 B 7o 48 LTE IHRR P B
i ) RE ALFE S5 — 3 40 N 58 88 45, L 85— 330 40 F0 28 343 B o5 FH B9 RE £ LTE BFRR A
(1 B 2 43 BRIP4 CCE BT o5 A I RE #E—> LTE B [ P9 (1 B 4 1]

[o055]  HAKM, AR¥E AR HE LIRS, FHARFELE T, Frid P 2% C ic &~ D 3% -

[0056]  — AR CO. HiEFTiA FATE AR IXEIENE 2.

[0057]  Hrp, 55— R BEE SARAE M A1 & MR AL, Frid SR FE(E 2 H B br TPC iy
4 (Command) #4&HHRE—A TPC A4 Frfa/n VS Th 2 R, Frik B br TPC fn 254
FEPTR UE AR E (Reset) JE kLRI — (5 S BI PTA H Y JZAE 2487~ [ TPC 7 4o
[0058] IR JTIHIMIAS B (dse/NUE ST LTE BB ) H5E—{5 4 H 10 TPC fr 2 T faon
(8 B Th A AL GE (/N E B4 A LTE M ) 1R 4T DCT HH ) TPC 4 BT 48 2~ 1K) 18 3%
DRAERE BN .

[00591 1B A—ASEHER], 55— DR B Prid S M L TERER N 1. R DL, 5
—IhEM AL dBm (2 D1) .

[0060]  {ER—ASEHEE], IR EE 4 TR ARG /N B 57 A LTE BB {S A R /s
V JE BT N LTE 1S 4

[0061]  HARM, RIE AR I IR J7 1, HAFEAE T, 56— ShR R #4408 LTE J7 e e T
R EAS I RIK N Z, B T MM IE -

[0062] —. RAFTARSIRBENRE ¢ (i)

[0063]  —. 31 3dB FSMREL .

[0064]  ARJFAI B3R T HEE LR T FTR FAT/S 421 BLER FifL 4e ) PUCCH 5 2 AH b A4 B%
%o

[0065] AR HHATFF T —FhSCRFARLEIR T 2@ A5 (1 3k o (1 5 v, o, B4R a0 R AP IR
[0066]  — YR A, RIZFE G2, BS54 WE N LGB 1) K%

[0067] - DU B. Kk N AMEGE, Frid N AMESrEg 53 7E N A LTE B BRUR %

[0068]  — A& C. 7E N NFBEUHA F 4 e N A BATE 4, Brd N A7 SR A 2 A T
NANJE 42 LTE BB, BT NAS FATAS A 43 878 BT Id N A& R 2] o (1) 4% Jar i /& 75 4 a2
e,

[0069] M, 35 —(FARWIREEL, ik N B, — DIt LA a5s 6 Mes
e, Tk G2 B — NrA P RIS AR ] NP R, — DNIrA R IE A U S B
RAE—AN LTE BB B384, Bl T o8 | B0 2. i A ek BT 2 — -

[0070] - #—#%X . LTE PUCCH #&3% {1, la, Lb}

[0071] - % %X . LTE PUCCH &% {2,2a,2b} .

8
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[0072] — % =#%3( . LTE PUCCH #&3X 3

[0073] - FPUk& . AT ST 20 4 ACK/NACK EE4F( PUCCH #% 3%,

[0074]  HARM, iR A K H K — D071, HAFEAA T, Frid DR A IERFEWT 5% -

[0075] - DERAO. RIXZFE (G54, 8B E4MHR L /MMEIR TR, i L & R,

[0076]  JHirh, HE-SA4RRE 1A B WURAE TR L ANk Bt vh R 51, 55— 2 B
FHATIAR N ASF IR A 38 5 AR mR 152, — AT (s ik BESAE Bk N AN 542 LTE i
R b 43 ARG — AN BT IR B YR .

[0077]  ELARM, MPE A KB — A7, HAFEAE T, iR s Sk U 8 — 45 B — 16
ASAFEE S ENE FE, B—E BRI N ASFRIFRAEX N ia s, £ E R
e — R RIRIN R S A L 8 — RBCR IR R G M mEE & . B KBCRIREE (54
S —AMEIE SR 2R 5 e, 55— 1% 8 R HH AT N AN B YR 2 4H i, 55— SQIC
RTEFTIA N AN G 4L LTE I B o (A S0 a0 5 3 i G — N ik 55052 . 38— B2 Py
FHI) RE FH—ANECE 2 4 B 518 $ ot 4 i, Fridd 518 BB oo H ARG W A RE, Fri& W& KT 10
FIE 35

[o078]  EARM, ARYE A K I 1 — 771, HARFEAE T, Frid 2P 5% C iSRG~ 4% -

[0079] - PR CO. HIE TR RAT(E AN RIZINFENE —ThE.

[o080]  Hip, B — LN EBEAE SRS MBI & AL, Tk SR FE(E % ] B Ax TPC fiy
4 (Command) A& R—A TPC A4 Frfa 7~ KU B Th 2 R, BTk B #r TPC M 254
FERTIAR UE 75 8 8 5 AL 338 S AR BT A B E (5 218781 TPC 4.

[oo81]  EARM, MRIE A KW FIRJ7 1, HARFELE T, 25— Th &2 LTE J7 R 2 T
R MBI RIETIZE, BT W MMEIE -

[0082] - RH LS RBAERE ¢(G)

[0083]  —. 34N 3dB [EIIMmAL .

[0084] AR IHAFF T —FhSCFHRAEIR TOLRIEAE 1 FH 7 8 %, Forp, B G A

[oo85] AL H THME—(E4, B (52T N MERIELAE ) Rk

[0086]  EF AsiH  FH-Tle N AMEGHA, BT N AMESE 2 5378 N A LTE BB 2%
[0087]  BE = ASERL I T7E NASF YA 4 5 KN A BATE S, Frk N A B 4H 55 5]
7T NASJG 42 LTE BB, Bk N A FATAE A 93 0ildE s Bk N A& e gi v 4% far e o2 75 4%
N

[oos8]  Hith, B — (54 R E(E A, ik N R IR, — DR e A a4 6 MEM
He, BTid G & IR . — NPT PR AR T AT BRI, — D ITA RIS R 4 A
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a9 United States

a2 Patent Application Publication () Pub. No.: US 2015/0124736 A1l

Ko et al. 43) Pub. Date: May 7, 2015
(54) METHOD AND APPARATUS FOR Publication Classification
REPORTING CHANNEL STATE
INFORMATION IN WIRELESS (51) Int.CL
COMMUNICATION SYSTEM HO4L 5/00 (2006.01)
(52) US.CL
(71) Applicant: LG ELECTRONICS INC., Seoul (KR) CPC oo HO4L 5/0053 (2013.01)

(72) Inventors: Hyunsoo Ko, Anyang-si (KR); Kitae
Kim, Anyang-si (KR); Jaehoon Chung,
Anyang-si (KR)

(57) ABSTRACT

The present invention relates to a method and an apparatus for

(73) Assignee: LG ELECTRONICS INC., Seoul (KR) reporting channel status information (CSI). According to one
' v embodiment of the present invention, the method comprises

(21)  Appl. No.: 14/407,897 receiving a first CSI-reference signal (CSI-RS) based on CSI-
RS configuration information with respect to a first domain
(22) PCT Filed: Jun. 24, 2013 antenna group of a two-dimensional antenna structure;
reporting a first piece of CSI with respect to the first domain
(86) PCT No.: PCT/KR2013/005536 antenna group, which is generated using the first CSI-RS;

receiving a second CSI-RS, based on CSI-RS configuration
information with respect to a second domain antenna group of
the two-dimensional antenna structure; and reporting a sec-
s ond piece of CSI with respect to the second domain antenna

Related U.S. Application Data group, which is generated using the second CSI-RS, wherein
(60) Provisional application No. 61/663,613, filed on Jun. the CSI-RS configuration information with respect to the

§ 371 (e)(1),
(2) Date: Dec. 12,2014

24, 2012, provisional application No. 61/732,405, second domain antenna group can be determined based on the
filed on Dec. 3, 2012. first piece of CSI.
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METHOD AND APPARATUS FOR
REPORTING CHANNEL STATE
INFORMATION IN WIRELESS
COMMUNICATION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a wireless commu-
nication system, and more particularly, to a method and appa-
ratus for reporting channel status information.

BACKGROUND ART

[0002] Multi-Input Multi-Output (MIMO) technology is to
improve efficiency in data transmission and reception by
using multiple transmitting antennas and multiple receiving
antennas instead of a single transmitting antenna and a single
receiving antenna. If a single antenna is used, a receiver
receives data through a single antenna path. However, if mul-
tiple antennas are used, the receiver receives data through
various paths. Accordingly, speed and amount in data trans-
mission may be increased, and coverage may be increased.
[0003] In order to increase multiplexing gain of MIMO
operation, channel status information (CSI) may be fed back
from a MIMO receiver to a MIMO transmitter. The receiver
may determine CSI by performing channel measurement
through a predetermined reference signal (RS) from the trans-
mitter.

DISCLOSURE

Technical Problem

[0004] An object of the present invention is to provide a
method for configuring reference signal configuration infor-
mation for supporting a 2-dimensional antenna structure nor-
mally efficiently, amethod for transmitting a reference signal,
and a method for generating and reporting CSI.

[0005] It will be appreciated by persons skilled in the art
that the objects that could be achieved with the present inven-
tion are not limited to what has been particularly described
hereinabove and the above and other objects that the present
invention could achieve will be more clearly understood from
the following detailed description.

Technical Solution

[0006] To solve the aforementioned technical problem,
according to one embodiment of the present invention, a
method for reporting channel status information (CSI) from a
user equipment in a wireless communication system com-
prises the steps of receiving from a base station a first channel
status information-reference signal (CSI-RS) based on CSI-
RS configuration information for a first domain antenna
group of a two-dimensional antenna structure, which is pro-
vided from the base station; reporting to the base station first
CSI for the first domain antenna group, which is generated by
using the first CSI-RS; receiving from the base station a
second CSI-RS based on CSI-RS configuration information
for a second domain antenna group of the two-dimensional
antenna structure, which is provided from the base station;
and reporting to the base station second CSI for the second
domain antenna group, which is generated by using the sec-
ond CSI-RS, wherein the CSI-RS configuration information
for the second domain antenna group may be determined
based on the first CSL.
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[0007] To solve the aforementioned technical problem,
according to another embodiment of the present invention, a
user equipment for reporting channel status information
(CSI) in a wireless communication system comprises a
receiver; a transmitter; and a processor, wherein the processor
is configured to receive from a base station a first channel
status information-reference signal (CSI-RS) by using the
receiver based on CSI-RS configuration information for a first
domain antenna group of a two-dimensional antenna struc-
ture, which is provided from the base station, report to the
base station first CSI for the first domain antenna group,
which is generated by using the first CSI-RS, by using the
transmitter, receive from the base station a second CSI-RS by
using the receiver based on CSI-RS configuration informa-
tion for a second domain antenna group of the two-dimen-
sional antenna structure, which is provided from the base
station, and report to the base station second CSI for the
second domain antenna group, which is generated by using
the second CSI-RS, by using the transmitter, wherein the
CSI-RS configuration information for the second domain
antenna group may be determined based on the first CSI.

[0008] To solve the aforementioned technical problem,
according to still another embodiment of the present inven-
tion, a method for receiving channel status information (CSI)
in a base station of a wireless communication system com-
prises the steps of providing a user equipment with CSI-RS
configuration information for a first domain antenna group of
a two-dimensional antenna structure of the base station and
transmitting a first channel status information-reference sig-
nal (CSI-RS) to the user equipment based on CSI-RS con-
figuration information for the first domain antenna group;
receiving first CSI for the first domain antenna group, which
is generated in the user equipment by using the first CSI-RS,
from the user equipment; providing the user equipment with
CSI-RS configuration information for a second domain
antenna group of the two-dimensional antenna structure and
transmitting a second CSI-RS to the user equipment based on
the CSI-RS configuration information for the second domain
antenna group; and receiving the second CSI-RS for the sec-
ond domain antenna group, which is generated in the user
equipment by using the second CSI-RS, from the user equip-
ment, wherein the CSI-RS configuration information for the
second domain antenna group may be determined based on
the first CSI.

[0009] To solve the aforementioned technical problem,
according to further still another embodiment of the present
invention, a base station for receiving channel status informa-
tion (CSI) in a wireless communication system comprises a
receiver; a transmitter; and a processor, wherein the processor
is configured to provide a user equipment with CSI-RS con-
figuration information for a first domain antenna group of a
two-dimensional antenna structure of the base station and
transmit a first channel status information-reference signal
(CSI-RS) to the user equipment based on CSI-RS configura-
tion information for the first domain antenna group, receive
first CSI for the first domain antenna group, which is gener-
ated in the user equipment by using the first CSI-RS, from the
user equipment, provide the user equipment with CSI-RS
configuration information for a second domain antenna group
of the two-dimensional antenna structure and transmit a sec-
ond CSI-RS to the user equipment based on the CSI-RS
configuration information for the second domain antenna
group, and receive the second CSI-RS for the second domain
antenna group, which is generated in the user equipment by
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using the second CSI-RS, from the user equipment, wherein
the CSI-RS configuration information for the second domain
antenna group may be determined based on the first CSI.
[0010] The followings may commonly be applied to the
aforementioned embodiments according to the present inven-
tion.

[0011] The first CSI includes a precoding vector preferred
for the first domain, and beamforming in the first domain may
be determined by considering the precoding vector preferred
for the first domain.

[0012] The second CSI-RS configuration information may
be determined by assuming that beamforming in the first
domain is applied based on the first CSI.

[0013] The second CSI includes a precoding vector pre-
ferred for the second domain, beamforming in the second
domain may be determined by considering the precoding
vector preferred for the second domain, and the precoding
vector preferred for the second domain may be determined by
assuming that beamforming in the first domain is applied.
[0014] Three-dimensional beamforming for the two-di-
mensional antenna structure may be determined by combina-
tion of beamforming in the first domain and beamforming in
the second domain, wherein the beamformings are deter-
mined considering the first CSI and the second CSI, respec-
tively.

[0015] The CSI-RS configuration information for the first
domain antenna group may be provided statically, and the
CSI-RS configuration information for the second domain
antenna group may be provided dynamically.

[0016] A transmission period of the first CSI-RS may be set
to a value greater than that of a transmission period of the
second CSI-RS.

[0017] The CSI-RS configuration information for the first
domain antenna group may include a first antenna port count
parameter, a first resource configuration parameter, a first
subframe configuration parameter, and a first transmission
power rate parameter.

[0018] The CSI-RS configuration information for the sec-
ond domain antenna group may include a second antenna port
count parameter, a second resource configuration parameter,
a second subframe configuration parameter, and a second
transmission power rate parameter.

[0019] The two-dimensional antenna structure may be con-
figured by the number of antennas of the second domain
antenna groupxthe number of antennas of the first domain
antenna group.

[0020] The first domain may be a horizontal domain, and
the second domain may be a vertical domain.

[0021] The first domain may be a vertical domain, and the
second domain may be a horizontal domain.

[0022] The aforementioned embodiments and the follow-
ing detailed description of the present invention are only
exemplary, and are intended for additional description of the
present invention cited in claims.

Advantageous Effects

[0023] According to the present invention, a method for
configuring new reference signal configuration information,
amethod for transmitting a reference signal, and a method for
generating and reporting CSI may be provided, whereby a
2-dimensional antenna structure may be supported normally
and efficiently.

[0024] It will be appreciated by persons skilled in the art
that that the effects that could be achieved with the present
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invention are not limited to what has been particularly
described hereinabove and other advantages of the present
invention will be more clearly understood from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In

the drawings:

[0026] FIG.1is adiagram illustrating a structure of a radio
frame;

[0027] FIG. 2 is a diagram illustrating a resource grid at a
downlink slot;

[0028] FIG. 3 is a diagram illustrating a structure of a

downlink subframe;

[0029] FIG. 4 is a diagram illustrating a structure of an
uplink subframe;

[0030] FIG. 5 is a diagram illustrating a wireless commu-
nication system having multiple antennas;

[0031] FIG. 6is a diagram illustrating an exemplary pattern
of CRS and DRS on one resource block pair;

[0032] FIG. 7 is a diagram illustrating an example of a
DMRS pattern defined in an LTE-A system;

[0033] FIG. 8 is a diagram illustrating examples of a CSI-
RS pattern defined in an LTE-A system;

[0034] FIG. 9 is a diagram illustrating an example of a
method for periodically transmitting CSI-RS;

[0035] FIG. 10 is a diagram illustrating a basic concept of
codebook based precoding;

[0036] FIG. 11 is a diagram illustrating examples consti-
tuting 8 transmitting antennas;

[0037] FIG. 12 is a diagram illustrating ULA and URA;
[0038] FIG. 13 is a diagram illustrating examples of beam-
forming based on 2-dimensional antenna configuration;
[0039] FIGS. 14 and 15 are diagrams illustrating a method
for allocating antenna port numbers in a 2-dimensional
antenna structure;

[0040] FIG. 16 is a diagram illustrating an example of 2-di-
mensional antenna array;

[0041] FIG. 17 is a flow chart illustrating CSI-RS related
operation for a 2-dimensional antenna structure according to
the present invention; and

[0042] FIG. 18 is a diagram illustrating a base station and a
user equipment according the preferred embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0043] The following embodiments are achieved by com-
bination of structural elements and features of the present
invention in a predetermined type. Each of the structural
elements or features should be considered selectively unless
specified separately. Each of the structural elements or fea-
tures may be carried out without being combined with other
structural elements or features. Also, some structural ele-
ments and/or features may be combined with one another to
constitute the embodiments of the present invention. The
order of operations described in the embodiments of the
present invention may be changed. Some structural elements
or features of one embodiment may be included in another
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embodiment, or may be replaced with corresponding struc-
tural elements or features of another embodiment.

[0044] Inthis specification, the embodiments of the present
invention will be described based on data transmission and
reception between a base station and a user equipment. In this
case, the base station means a terminal node of a network,
which performs direct communication with the user equip-
ment. A specific operation which has been described as being
performed by the base station may be performed by an upper
node of the base station as the case may be.

[0045] In other words, it will be apparent that various
operations performed for communication with the user equip-
ment in the network which includes a plurality of network
nodes along with the base station may be performed by the
base station or network nodes other than the base station. At
this time, the ‘base station’ (BS) may be replaced with termi-
nologies such as a fixed station, Node B, eNode B (eNB), and
an access point (AP). Also, a relay may be replaced with
terminologies such as a relay node (RN) and a relay station
(RS). Also, a ‘terminal’ may be replaced with terminologies
such as a user equipment (UE), a mobile station (MS), a
mobile subscriber station (MSS), and a subscriber station
(SS).

[0046] Specific terminologies used in the following
description are provided to assist understanding of the present
invention, and various modifications may be made in the
specific terminologies within the range that they do not depart
from technical spirits of the present invention.

[0047] Insome cases, to prevent the concept of the present
invention from being ambiguous, structures and apparatuses
of the known art will be omitted, or will be shown in the form
of a block diagram based on main functions of each structure
and apparatus. Also, wherever possible, the same reference
numbers will be used throughout the drawings and the speci-
fication to refer to the same or like parts.

[0048] The embodiments of the present invention may be
supported by standard documents disclosed in at least one of
wireless access systems, i.e., IEEE 802 system, 3GPP system,
3GPP LTE system, 3GPP LTE, 3GPP LTE-A (LTE-Ad-
vanced) system, and 3GPP2 system. Namely, among the
embodiments of the present invention, apparent steps or parts,
which are not described to clarify technical spirits of the
present invention, may be supported by the above documents.
Also, all terminologies disclosed herein may be described by
the above standard documents.

[0049] The following technology may be used for various
wireless access technologies such as CDMA (code division
multiple access), FDMA (frequency division multiple
access), TDMA (time division multiple access), OFDMA
(orthogonal frequency division multiple access), and SC-
FDMA (single carrier frequency division multiple access).
The CDMA may be implemented by the radio technology
such as UTRA (universal terrestrial radio access) or
CDMA2000. The TDMA may be implemented by the radio
technology such as global system for mobile communications
(GSM)/general packet radio service (GPRS)/enhanced data
rates for GSM evolution (EDGE). The OFDMA may be
implemented by the radio technology such as IEEE 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, and evolved
UTRA (E-UTRA). The UTRA is a part of a universal mobile
telecommunications system (UMTS). A 3" generation part-
nership project long term evolution (3GPP LTE)is a part ofan
evolved UMTS (E-UMTS) that uses E-UTRA, and adopts
OFDMA in a downlink and SC-FDMA in an uplink. LTE-
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advanced (LTE-A) is an evolved version of the 3GPP LTE.
WIiMAX may be described by the IEEE 802.16e standard
(WirelessMAN-OFDMA  Reference System) and the
advanced IEEE 802.16m standard (WirelessMAN-OFDMA
Advanced system). For clarification of the description,
although the present invention will be described based on the
3GPP LTE/LTE-A, it is to be understood that technical spirits
ofthe present invention are not limited to the 3GPP LTE/LTE-
A.

[0050] FIG.1is adiagram illustrating a structure of a radio
frame.

[0051] Ina cellular OFDM communication system, uplink/
downlink data packet transmission is performed in a sub-
frame unit, wherein one subframe is defined by a given time
interval that includes a plurality of OFDM symbols. The
3GPP LTE standard supports a type 1 radio frame structure
applicable to frequency division duplex (FDD) and a type 2
radio frame structure applicable to time division duplex
(TDD).

[0052] FIG. 1(a) is a diagram illustrating a structure of a
type 1 radio frame. The downlink radio frame includes 10
subframes, each of which includes two slots in a time domain.
A time required to transmit one subframe will be referred to as
a transmission time interval (TTI). For example, one sub-
frame may have a length of 1 ms, and one slot may have a
length of 0.5 ms. One slot includes a plurality of OFDM
symbols in a time domain and a plurality of resource blocks
(RB)ina frequency domain. Since the 3GPP LTE system uses
OFDM in a downlink, OFDM symbols represent one symbol
interval. The OFDM symbol may be referred to as SC-FDMA
symbol or symbol interval. The resource block (RB) is a
resource allocation unit and may include a plurality of con-
tinuous subcarriers in one slot.

[0053] The number of OFDM symbols included in one slot
may be varied depending on configuration of a cyclic prefix
(CP). Examples of the CP include an extended CP and a
normal CP. For example, if the OFDM symbols are config-
ured by the normal CP, the number of OFDM symbols
included in one slot may be 7. If the OFDM symbols are
configured by the extended CP, since the length of one OFDM
symbol is increased, the number of OFDM symbols included
in one slot is smaller than that of OFDM symbols in case of
the normal CP. For example, in case of the extended CP, the
number of OFDM symbols included in one slot may be 6. If
a channel status is unstable like the case where the user
equipment moves at high speed, the extended CP may be used
to reduce inter-symbol interference.

[0054] If the normal CP is used, since one slot includes
seven OFDM symbols, one subframe includes 14 OFDM
symbols. At this time, first two or three OFDM symbols of
each subframe may be allocated to a physical downlink con-
trol channel (PDCCH), and the other OFDM symbols may be
allocated to a physical downlink shared channel (PDSCH).
[0055] FIG. 1(b) is a diagram illustrating a structure of a
type 2 radio frame. The type 2 radio frame includes two half
frames, each of which includes five subframes, a downlink
pilot time slot (DWPTS), a guard period (GP), and an uplink
pilot time slot (UpPTS). One subframe includes two slots.
The DwPTS is used for initial cell search, synchronization or
channel estimation at the user equipment. The UpPTS is used
for channel estimation at the base station and uplink trans-
mission synchronization of the user equipment. Also, the
guard period is to remove interference occurring in the uplink
due to multipath delay of downlink signals between the
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uplink and the downlink. Meanwhile, one subframe includes
two slots regardless of the type of the radio frame.

[0056] The structure of the radio frame is only exemplary,
and various modifications may be made in the number of
subframes included in the radio frame, the number of slots
included in the subframe, or the number of symbols included
in the slot.

[0057] FIG. 2 is a diagram illustrating a resource grid at a
downlink slot.
[0058] Onedownlink slot includes, but not limited to, seven

OFDM symbols in a time domain, and one resource block
(RB) includes, but not limited to, twelve subcarriers in a
frequency domain. For example, although one slot includes
seven OFDM symbols in case of the normal CP, one slot may
include six OFDM symbols in case of the extended CP. Each
element on the resource grid will be referred to as a resource
element (RE). One resource block (RB) includes 12x7(6)
resource elements. The number N”* of resource blocks (RBs)
included in the downlink slot depends on a downlink trans-
mission bandwidth. A structure of an uplink slot may be the
same as that of the downlink slot.

[0059] FIG. 3 is a diagram illustrating a structure of a
downlink subframe.

[0060] Maximum three OFDM symbols located at the front
of the first slot within one subframe correspond to a control
region to which a control channel is allocated. The other
OFDM symbols correspond to a data region to which a physi-
cal downlink shared channel (PDSCH) is allocated.

[0061] Examples of the downlink control channel used in
the 3GPP LTE system include a PCFICH (Physical Control
Format Indicator CHannel), a PDCCH (Physical Downlink
Control CHannel), and a PHICH (Physical Hybrid ARQ Indi-
cator CHannel). The PCFICH is transmitted from the first
OFDM symbol of the subframe, and includes information on
the number of OFDM symbols used for transmission of the
control channel within the subframe. The PHICH is a
response to uplink transmission, and includes HARQ ACK/
NACK (acknowledgement/negative-acknowledgement) sig-
nal. The control information transmitted through the PDCCH
will be referred to as downlink control information (DCI).
The DCI includes uplink or downlink scheduling information
or uplink transmission (Tx) power control command for a
random user equipment group. The PDCCH includes trans-
port format and resource allocation information of'a downlink
shared channel (DL-SCH), resource allocation information
of an uplink shared channel (UL-SCH), paging information
of a paging channel (PCH), system information on the DL-
SCH, resource allocation information of an upper layer con-
trol message such as a random access response transmitted
onto the PDSCH, a set of transmission power control com-
mands of an individual user equipment within a random user
equipment group, transmission power control information,
and activation of voice over Internet protocol (VoIP). A plu-
rality of PDCCHs may be transmitted within the control
region, and the user equipment may monitor the plurality of
PDCCHs.

[0062] The PDCCH is transmitted by aggregation of one or
more continuous control channel elements (CCEs). The CCE
is a logic allocation unit used to provide a PDCCH at a
predetermined coding rate based on the status of a radio
channel. The CCE corresponds to a plurality of resource
element groups (REGs). The format of the PDCCH and the
number of available bits of the PDCCH are determined

May 7, 2015

depending on the correlation between the number of CCEs
and the coding rate provided by the CCE.

[0063] The base station determines a PDCCH format
depending on the DCI transmitted to the user equipment, and
attaches cyclic redundancy check (CRC) to the control infor-
mation. The CRC is masked with a radio network temporary
identifier (RNTI) depending on owner or usage of the
PDCCH. For example, if the PDCCH is for a specific user
equipment, the CRC may be masked with cell-RNTI
(C-RNTI) of the corresponding user equipment. If the
PDCCH is for a paging message, the CRC may be masked
with a paging indicator identifier (P-RNTI). If the PDCCH is
for system information (in more detail, system information
block (SIB)), the CRC may be masked with system informa-
tion identifier and system information RNTI (SI-RNTI). The
CRC may be masked with a random access RNTI (RA-RNTT)
to indicate a random access response that is a response to
transmission of a random access preamble of the user equip-
ment.

[0064] FIG. 4 is a diagram illustrating a structure of an
uplink subframe.

[0065] The uplink subframe may be divided into a control
region and a data region on a frequency domain. A physical
uplink control channel (PUCCH) which includes uplink con-
trol information is allocated to the control region. A physical
uplink shared channel (PUSCH) which includes user data is
allocated to the data region. In order to maintain single carrier
features, one user equipment does not transmit the PUCCH
and the PUSCH at the same time. The PUCCH for one user
equipment is allocated to resource block (RB) pair for the
subframe. Resource blocks (RBs) belonging to the RB pair
reserve different subcarriers for two slots. The RB pair allo-
cated to the PUCCH is subjected to frequency hopping at a
slot boundary.

[0066] Modeling of MIMO System

[0067] FIG. 5 is a schematic view illustrating a wireless
communication system having multiple antennas.

[0068] AsshowninFIG. 5(a), if the number of transmitting
antennas is increased to N, and the number of receiving
antennas is increased to N, channel transmission capacity is
increased theoretically in proportion to the number of anten-
nas unlike that a plurality of antennas are used in only a
transmitter or a receiver. Accordingly, it is possible to
improve a transmission rate and remarkably improve fre-
quency efficiency. As channel transmission capacity is
increased, a transmission rate may be increased theoretically
as much as a value obtained by multiplying a maximum
transmission rate R, which corresponds to a case where a
single antenna is used, by an increase rate R,.

R=min(N;Npz)

[0069] For example, in a MIMO communication system
that uses four transmitting antennas and four receiving anten-
nas, a transmission rate theoretically four times greater than
that of a single antenna system may be obtained. After theo-
retical capacity increase of the MIMO system has been
proved in the middle of 1990, various technologies have been
actively studied to substantially improve a data transmission
rate. Also, some of the technologies have been already
reflected in the standard of various wireless communications
such as third generation mobile communication and next
generation wireless LAN.

[0070] Uponreviewing the recent trend of studies related to
the MIMO system, active studies are ongoing in view of

[Equation 1]
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various aspects such as the study of information theoretical
aspect related to MIMO communication capacity calculation
under various channel environments and multiple access
environments, the study of radio channel measurement and
modeling of a MIMO system, and the study of time space
signal processing technology for improvement of transmis-
sion reliability and transmission rate.

[0071] A communication method in a MIMO system will
be described in more detail with reference to mathematical
modeling. In the MIMO system, it is assumed that N, trans-
mitting antennas and N receiving antennas exist.

[0072] First ofall, a transmitting signal will be described. If
there exist N - transmitting antennas, the number of maximum
transmission information is N The transmission informa-
tion may be expressed as follows.

s=sp82 .0, SNIJT [Equation 2]

[0073] Different kinds of transmission power may be
applied to each of the transmission informations,, s, .. ., Sy
Atthis time, supposing that each transmission poweris P, P,,
R transmission information of which transmission

power is controlled may be expressed as follows.
§=[518 . .., S =[P s Pas ., Prsigl” [Equation 3]

[0074] Also, S may be expressed as follows using a diago-
nal matrix P.

Py 0 S1 [Equation 4]
P 52
5= =Ps
(4] PNT SNy

[0075] Ttis considered that a weight matrix W is applied to
the information vector § of which transmission power is
controlled, so as to obtain N, transmitting signals X, X,, . . .
, Xn.. In this case, the weight matrix W serves to properly
distribute the transmission information to each antenna. Such
transmitting signals x,, X,, . . . , X5, may be expressed as
follows using a vector X.

x= [Equation 5]
X1 wir o owi owiyy [
X wa o Wz .owang (|32
- ~ |=ws=wps
Xi Wit Wiz e Wing S
ANy WNpL YWNp2 o oo WNpNp || Sy

[0076] In this case, W,; means a weight value between the
ith transmitting antenna and the jth information. W may be
referred to as a precoding matrix.
[0077] If there exist N, receiving antennas, receiving sig-
nals y;, ¥a, - - -, Ya, of the respective antennas may be
expressed by a vector as follows.

Y=[uys - ovngd” [Equation 6]

[0078] In case of channel modeling in the MIMO commu-
nication system, channels may be classified depending on
indexes of transmitting and receiving antenna indexes. In this
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case, a channel that passes from the jth transmitting antenna
to the ith receiving antenna will be expressed as h,;. It is noted
that index of the receiving antenna is prior to index of the
transmitting antenna in index of h,.

[0079] Meanwhile, FIG. 5(b) illustrates channels from N,
transmitting antennas from the receiving antenna i. Several
channels may be grouped into one and then may be expressed
by a vector type or a matrix type. As shown in FIG. 5(b), the
channels from N, transmitting antennas to the ith receiving
antenna may be expressed as follows.

h=h, huvTJ [Equation 7]

[0080] Accordingly, all channels from N, transmitting
antennas to N receiving antennas may be expressed as fol-
lows.

I by hn ol [Equation 8]
H ol hawp
=l Fla b o By
hﬁR hngt gz oo Bwpny
[0081] Since additive white Gaussian noise (AWGN) is

actually added to the channels after the above channel matrix
H.AWGN ny, n,, . . ., ny, added to each of the Ng receiving

antennas may be expressed as follows.
n=[n,n,, ..., ﬂNR]T [Equation 9]

[0082] The receiving signals obtained using the above
equation modeling may be expressed as follows.

n hy o hp . thT [Equation 10]
y2 o hn e hawg
Ol PVl VPR P hing
INg It Bvga oo Bwpny
X1 ny
X n
+ . =Hx+n
Xj G
XNp nnp
[0083] Inthe meantime, the number of rows and columns of

the channel matrix H indicating the channel state is deter-
mined by the number of transmitting antennas and the num-
ber of receiving antennas. The number of rows in the channel
matrix H is the same as the number N of receiving antennas,
and the number of columns is the same as the number N of
transmitting antennas. In other words, the channel matrix H
may be expressed by NzxN, matrix.

[0084] A rank of the matrix is defined by a minimum num-
ber of the number of rows and the number of columns, which
are independent from each other. Therefore, the rank of the
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matrix cannot have a value greater than the number of rows or
the number of columns. Rank (rank(H)) of the channel matrix
H may be limited as follows.

rank(H)=min(NNg)

[0085] Therank may also be defined by the number of eigen
values not 0 when eigen value decomposition is performed
for the matrix. Similarly, the rank may be defined by the
number of singular values not 0 when singular value decom-
position (SVD) is performed for the matrix. Accordingly, in
the channel matrix, the rank may physically mean a maxi-
mum number of columns or rows that may transmit different
kinds of information from a given channel.

[0086] Inthis specification, ‘Rank’ for MIMO transmission
represents the number of paths that may transmit a signal
independently at a specific time and a specific frequency
resource, and ‘the number of layers’ represents the number of
signal streams transmitted through each path. Generally,
since the transmitter transmits layers corresponding to the
number of ranks used for signal transmission, the ranks are
the same as the number of layers unless mentioned otherwise.
[0087] Reference Signal (RS)

[0088] When a packet is transmitted in the wireless com-
munication system, signal distortion may occur during trans-
mission of the packet because the packet is transmitted
through a radio channel. In order to normally receive the
distorted signal, a receiver should correct distortion of the
received signal by using channel information. In order to
discover the channel information, it is required to transmit the
signal known by both a transmitter and the receiver and dis-
cover the channel information using a distortion level of the
signal when the signal is transmitted through the channel. In
this case, the signal known by both the transmitter and the
receiver will be referred to as a pilot signal or a reference
signal.

[0089] In case that the transmitter or the receiver of the
wireless communication system transmits and receives data
by using multiple antennas, a channel status between each
transmitter and each receiver should be known to receive a
normal signal. Accordingly, a separate reference signal
should be provided per transmitting antenna.

[0090] In the wireless communication system, the refer-
ence signal (RS) may be divided into two types in accordance
with its purpose. Examples of the reference signal include a
reference signal used for acquisition of channel information
and a reference signal used for data demodulation. Since the
former reference signal is intended for acquisition of channel
information on the downlink through the user equipment, it
needs to be transmitted through a wideband. Also, the former
reference signal should be received and measured even by a
user equipment that does not receive downlink data for a
specific subframe. This reference signal for acquisition of
channel information may be used even for measurement of
handover. The latter reference signal is transmitted from the
base station together with a corresponding resource when the
base station transmits downlink data. In this case, the user
equipment may perform channel estimation by receiving the
corresponding reference signal, whereby the user equipment
may demodulate the data. This reference signal for data
demodulation should be transmitted to a region to which data
are transmitted.

[0091] The existing 3GPP LTE system (for example, 3GPP
LTE release-8) defines two types of downlink RSs for unicast
service. The one of the downlink reference signals is a com-

[Equation 11]
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mon reference signal (CRS), and the other one is a dedicated
reference signal (DRS). The CRS is used for both information
acquisition of channel status and measurement for handover,
and may be referred to as a cell-specific RS. The DRS is used
for data demodulation, and may be referred to as a UE-
specific RS. In the existing 3GPP LTE system, the DRS may
be used for data demodulation only, and the CRS may be used
for both acquisition of channel information and data demodu-
lation.

[0092] The CRSis a cell-specific RS and is transmitted to a
wideband per subframe. The CRS for maximum four antenna
ports may be transmitted in accordance with the number of
transmitting antennas of the base station. For example, if the
number of transmitting antennas of the base station is 2, CRS
for antenna ports 0 and 1 may be transmitted. If the number of
transmitting antennas of the base station is 4, CRS for antenna
ports 0 to 3 may be transmitted respectively.

[0093] FIG. 6 is a diagram illustrating an exemplary pattern
of CRS and DRS on one resource block pair.

[0094] In the example of the reference signal pattern in
FIG. 6, patterns of CRS and DRS are provided on one
resource block pair (in case of normal CP, 14 OFDM symbols
on the timex12 subcarriers on the frequency) in the system
that the base station supports four transmitting antennas. In
FIG. 6, resource elements remarked with ‘R0, ‘R1’, ‘R2’and
‘R3’ represent positions of the CRS for antenna port indexes
0, 1, 2 and 3. Meanwhile, in FIG. 6, a resource element
marked with ‘D’ represents the position of the DRS defined in
the LTE system.

[0095] The LTE-A system which is an evolved version of
the LTE system may support maximum eight transmitting
antennas on the downlink. Accordingly, reference signals for
maximum eight transmitting antennas should also be sup-
ported. In the LTE system, since downlink reference signals
are defined for maximum four antenna ports only, if the base
station includes minimum four downlink transmitting anten-
nas to maximum eight downlink transmitting antennas in the
LTE-A system, reference signals for these antenna ports
should additionally be defined. The reference signals for
maximum eight transmitting antenna ports may be consid-
ered for two types of reference signals, i.e., the reference
signal for channel measurement and the reference signal for
data demodulation as described above.

[0096] One of important considerations in designing the
LTE-A system is backward compatibility. Backward compat-
ibility means that the LTE user equipment of the related art
should be operated normally even in the LTE-A system. In
view of reference signal transmission, if reference signals for
maximum eight transmitting antenna ports should be defined
additionally in the time-frequency domain to which CRS
defined in the LTE standard is transmitted to a full band every
subframe, RS overhead becomes too great. Accordingly, it
should be considered that RS overhead is reduced in newly
designing RS for maximum eight antenna ports.

[0097] The reference signal newly introduced in the LTE-A
system may be divided into two types. One of the reference
signals is a channel status information-reference signal (CSI-
RS) which is the RS for channel measurement for selecting
transmission rank, modulation and coding scheme (MCS),
and precoding matrix index (PMI), and the other one is a
demodulation RS (DMRS) which is the RS for demodulation
of data transmitted through maximum eight transmitting
antennas.
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[0098] The CSI-RS for channel measurement is designed
for channel measurement mainly unlike the existing CRS
used for channel measurement, handover measurement, and
data demodulation. The CSI-RS may also be used for han-
dover measurement. Since the CSI-RS is transmitted only to
obtain channel status information, it may not be transmitted
per subframe unlike the CRS of the existing LTE system.
Accordingly, in order to reduce overhead of the CSI-RS, the
CSI-RS may be designed to be intermittently (for example,
periodically) be transmitted on the time axis.

[0099] If data are transmitted on a random downlink sub-
frame, a dedicated DMRS is transmitted to the user equip-
ment for which data transmission is scheduled. In other
words, the DMRS may be referred to as a UE-specific RS. The
DMRS dedicated for a specific user equipment may be
designed to be transmitted from only the resource region for
which the corresponding user equipment is scheduled, that is,
the time-frequency domain to which data for the correspond-
ing user equipment are transmitted.

[0100] FIG. 7 is a diagram illustrating an example of
DMRS pattern defined in the LTE-A system.

[0101] FIG. 7 illustrates a position of a resource element
where DMRSs are transmitted on one resource block pair (in
case of normal CP, 14 OFDM symbols on the timex12 sub-
carriers on the frequency) to which downlink data are trans-
mitted. The DMRS may be transmitted four antenna ports
(antenna port indexes 7, 8, 9 and 10) defined additionally in
the LTE-A system. The DMRSs for different kinds of antenna
ports may be identified from one another in such a manner
that they are located on different frequency resources (sub-
carriers) and/or different time resources (OFDM symbols)
(that is, the DMRSs may be multiplexed in accordance with
FDM and/or TDM mode). Also, the DMRSs for different
antenna ports located on the same time-frequency resource
may be identified from one another by orthogonal codes (that
is, the DMRSs may be multiplexed in accordance with CDM
mode). In the example of FIG. 7, the DMRSs for the antenna
ports 7 and 8 may be located on the resource elements (REs)
of DMRS CDM group 1, and may be multiplexed by orthogo-
nal codes. Likewise, in the example of FIG. 7, the DMRSs for
the antenna ports 9 and 10 may be located on the resource
elements (REs) of DMRS CDM group 2, and may be multi-
plexed by orthogonal codes.

[0102] When the base station transmits the DMRS, the
same precoding as that applied to data is applied to the
DMRS. Accordingly, channel information estimated by the
user equipment using the DMRS (or UE-specific RS) is the
precoded channel information. The user equipment may eas-
ily perform data demodulation by using the precoded channel
information estimated through the DMRS. However, since
the user equipment cannot know the precoding information
applied to the DMRS, the user equipment cannot acquire
channel information, which is not precoded, from the DMRS.
The user equipment may acquire channel information, which
is not precoded, by using a separate reference signal in addi-
tion to the DMRS, that is, the aforementioned CSI-RS.
[0103] FIG. 8 is a diagram illustrating examples of CSI-RS
patterns defined in the LTE-A system.

[0104] FIG. 8 illustrates a position of a resource element
where CSI-RSs are transmitted on one resource block pair (in
case of normal CP, 14 OFDM symbols on the timex12 sub-
carriers on the frequency) to which downlink data are trans-
mitted. One of CSI-RS patterns in FIG. 8(a) to FIG. 8(¢) may
be used for arandom downlink subframe. The CSI-RS may be

May 7, 2015

transmitted for eight antenna ports (antenna port indexes 15,
16, 17, 18, 19, 20, 21 and 22) defined additionally in the
LTE-A system. The CSI-RSs for different antenna ports may
be identified from one another in such a manner that they are
located on different frequency resources (subcarriers) and/or
different time resources (OFDM symbols) (that is, the CSI-
RSs may be multiplexed in accordance with FDM and/or
TDM mode). Also, the CSI-RSs for different antenna ports
located on the same time-frequency resource may be identi-
fied from one another by orthogonal codes (that is, the CSI-
RSs may be multiplexed in accordance with CDM mode). In
the example of FIG. 8(a), the CSI-RSs for the antenna ports
15 and 16 may be located on the resource elements (REs) of
CSI-RS CDM group 1, and may be multiplexed by orthogo-
nal codes. In the example of FIG. 8(a), the CSI-RSs for the
antenna ports 17 and 18 may be located on the resource
elements (REs) of CSI-RS CDM group 2, and may be multi-
plexed by orthogonal codes. In the example of FIG. 8(a), the
CSI-RSs for the antenna ports 19 and 20 may be located on
the resource elements (REs) of CSI-RS CDM group 3, and
may be multiplexed by orthogonal codes. In the example of
FIG. 8(a), the CSI-RSs for the antenna ports 21 and 22 may be
located on the resource elements (REs) of CSI-RS CDM
group 4, and may be multiplexed by orthogonal codes. The
same principle described based on FIG. 8(a) may be applied
to FIG. 8(b) to FIG. 8(e).

[0105] The RS patterns of FIGS. 6 and 8 are only exem-
plary, and various embodiments of the present invention are
not limited to a specific RS pattern. In other words, various
embodiments of the present invention may equally be applied
to even a case where RS pattern different from those of FIGS.
6 and 8 is defined and used.

[0106] CSI-RS Configuration

[0107] As described above, in the LTE-A system that sup-
ports maximum eight transmitting antennas on the downlink,
the base station should transmit CSI-RSs for all antenna ports.
Since transmission of the CSI-RSs for maximum eight trans-
mitting antenna ports every subframe has a drawback in that
overhead is too great, the CSI-RSs should be transmitted
intermittently on the time axis without being transmitted
every subframe, to reduce overhead. Accordingly, the CSI-
RSs may be transmitted periodically at a period of integer
multiple of one subframe or may be transmitted at a specific
transmission pattern.

[0108] Atthis time, the transmission period or transmission
pattern of the CSI-RS may be configured by the network (for
example, base station). In order to perform measurement
based on the CSI-RS, the user equipment should know CSI-
RS configuration for each antenna port of a cell (or transmis-
sion point (TP) to which the user equipment belongs. CSI-RS
configuration may include downlink subframe index for
which the CSI-RS is transmitted, time-frequency positions
(for example, CSI-RS patterns the same as those of FIG. 8(a)
to FIG. 8(e)) of CSI-RS resource elements (REs) within a
transmission subframe, and CSI-RS sequence (used for CSI-
RS and generated pseudo-randomly in accordance with a
predetermined rule on the basis of slot number, cell ID, CP
length, etc.). In other words, a plurality of CSI-RS configu-
rations may be used by a given base station, and the base
station indicate CSI-RS configuration, which will be used for
user equipment(s) within a cell, among the plurality of CSI-
RS configurations.

[0109] The plurality of CSI-RS configurations may include
or not include one CSI-RS configuration assumed by the user
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equipment that transmission power of the CSI-RS is not 0
(non-zero). Also, the plurality of CSI-RS configurations may
include or not include one or more CSI-RS configurations
assumed by the user equipment that transmission power of the
CSI-RS is 0.

[0110] Also, each bit of parameters (for example, 16-bit
bitmap ZeroPowerCSI-RS parameter) for CSI-RS configura-
tion of the transmission power of 0 may correspond to CSI-
RS configuration (or REs to which the CSI-RS may be allo-
cated in accordance with CSI-RS configuration) in
accordance with an upper layer, and the user equipment may
assume that the transmission power at the CSI-RS REs of
CSI-RS configuration corresponding to a bit set to 1 in the
corresponding parameter is O.

[0111] Also, since the CSI-RSs for the respective antenna
ports are required to be identified from one another, resources
to which the CSI-RSs for the respective antenna ports are
transmitted should be orthogonal to one another. As described
with reference to FIG. 8, the CSI-RSs for the respective
antenna ports may be multiplexed in accordance with FDM,
TDM and/or CDM mode by using orthogonal frequency
resources, orthogonal time resources and/or orthogonal code
resources.

[0112] When the base station notifies the user equipment
within the cell of CSI-RS information (CSI-RS configura-
tion), the base station should first notify the user equipment of
time-frequency information into which the CSI-RSs for the
respective antenna ports are mapped. In more detail, the time
information may include subframe numbers to which the
CSI-RSs are transmitted, a transmission period of CSI-RSs,
offset of subframe to which the CSI-RSs are transmitted, and
OFDM symbol number to which CSI-RS resource element
(RE) of aspecific antenna is transmitted. The frequency infor-
mation may include frequency spacing to which CSI-RS
resource element (RE) of a specific antenna is transmitted,
offset or shift value of RE on a frequency axis, etc.

[0113] FIG. 9 is a diagram illustrating an example of a
method for periodically transmitting CSI-RS.

[0114] The CSI-RS may be transmitted at a period of inte-
ger multiple (for example, 5-subframe period, 10-subframe
period, 20-subframe period, 40-subframe period, or 80-sub-
frame period) of one subframe.

[0115] In FIG. 9, one radio frame includes 10 subframes
(subframe numbers O to 9). For example, in FIG. 9, a trans-
mission period of the CSI-RS of the base station is 10 ms (that
is, 10 subframes), and CSI-RS transmission offset is 3. The
offset value may be varied depending on respective base
stations such that the CSI-RSs of several cells may uniformly
be distributed on the time. If the CSI-RS is transmitted at a
period of 10 ms, the offset value may have one of 0 to 9.
Similarly, if the CSI-RS is transmitted at a period of 5 ms, the
offset value may have one of 0 to 4, if the CSI-RS is trans-
mitted at a period of 20 ms, the offset value may have one of
0to 19, if the CSI-RS is transmitted at a period of 40 ms, the
offset value may have one of 0 to 39, and if the CSI-RS is
transmitted at a period of 80 ms, the offset value may have one
of 0 to 79. This offset value represents a value of subframe at
which the base station starts CSI-RS transmission at a prede-
termined period. If the base station notifies the user equip-
ment of the transmission period and offset value of the CSI-
RS, the user equipment may receive the CSI-RS of the base
station at the corresponding subframe position by using the
corresponding value. The user equipment may measure a
channel through the received CSI-RS and, as a result, report
information such as CQI, PMI and/or RI (Rank Indicator) to
the base station. In this specification, CQI, PMI, and RI may
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be referred to as CQI (or CSI) except that they are described
separately. Also, the information related to the CSI-RS may
commonly be applied to the user equipments within the cell as
cell-specific information. Also, the CSI-RS transmission
period and offset may be designated separately for each CSI-
RS configuration. For example, separate CSI-RS transmis-
sion period and offset may be set to the CSI-RS configuration
indicating CSI-RS transmitted at a transmission power of 0 as
described later and CSI-RS configuration indicating CSI-RS
transmitted at a transmission power of non-zero.

[0116] Unlike the CRS transmitted at all the subframes at
which the PDSCH may be transmitted, the CSI-RS may be set
such that the CSI-RS is transmitted at some subframes only.
For example, CSI subframe sets Cg,;, and C;, may be
configured by the upper layer. CSI reference resource (that is,
predetermined resource region which becomes a reference of
CSI calculation) may belong to either C; ; or Cc; ;, Or may
not belong to both Cg;, and C;,. Accordingly, if the CSI
subframe sets Cq;, and C;, are configured by the upper
layer, the user equipment may not expect that CSI reference
resource existing at a subframe that does not belong to any
one of the CSI subframe sets will be triggered (or indication
of CSI calculation).

[0117] Also, the CSI reference resource may be set on a
valid downlink subframe. The valid downlink subframe may
be set as a subframe that satisfies various requirements. One
of the requirements may be the subframe that belongs to the
CSI subframe set linked to periodic CSI report if the CSI
subframe set is configured for the user equipment in case of
periodic CSI report.

[0118] Also, the user equipment may obtain CQI indexes
from the CSI reference resource by considering the following
assumptions (for details, see 3GPP TS 36.213).

[0119] First three OFDM symbols of one subframe are
reserved by control signaling.

[0120] There is no resource element used by a primary
synchronization signal, a secondary synchronization
signal, or physical broadcast signal (PBCH).

[0121] CP length of non-MBSFN subframe

[0122] Redundancy version is 0

[0123] Ifthe CSI-RS isused for channel measurement, a
PDSCH EPRE (Energy Per Resource Element) to CSI-
RS EPRE ratio depends on a predetermined rule.

[0124] In case of CSI report in a transmission mode 9
(that is, mode that supports maximum eight-layer trans-
mission), if PMI/RI report is configured for the user
equipment, it is assumed that DMRS overhead is
matched with rank which is reported most recently (for
example, since DMRS overhead on one resource block
pair is 12 REs in case of two or more antenna ports (that
is, less than rank 2) as described with reference to FIG.
7 but is 24 REs in case of three or more antenna ports
(that is, more than rank 3), CQI index may be calculated
by assuming DMRS overhead corresponding to the rank
value which is reported most recently).

[0125] RE is not allocated to CSI-RS and 0-power CSI-
RS.

[0126] RE is not allocated to positioning RS (PRS).

[0127] PDSCH transmission scheme depends on a trans-
mission mode (which may be default mode) currently
set for the user equipment.

[0128] A PDSCH EPRE to cell-specific reference signal
EPRE ratio depends on a predetermined rule.
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[0129] This CSI-RS configuration may be notified from the
base station to the user equipment by using RRC (Radio
Resource Control) signaling, for example. In other words,
information on the CSI-RS configuration may be provided to
each user equipment within the cell by using dedicated RRC
signaling. For example, the base station may notify the user
equipment of CSI-RS configuration through RRC signaling
when the user equipment establishes connection with the base
station through initial access or handover. Alternatively, when
the base station transmits RRC signaling message, which
requires channel status feedback based on CSI-RS measure-
ment, to the user equipment, the base station may notify the
user equipment of the CSI-RS configuration through corre-
sponding RRC signaling message.

[0130] In the meantime, the time position where the CSI-
RS exists, that is, cell-specific subframe setup period and
cell-specific subframe offset may be listed as illustrated in
Table 1 below.

TABLE 1
CSI-RS subframe CSI-RS period CSI-RS subframe offset
configuration I g; zs Teszrs (Subframe) A gz zs (subframe)
0-4 5 Larses
5-14 10 Icsrrs-5
15-34 20 Iesrrs-15
35-74 40 Icsrrs- 35
75-154 80 Icsrrs-75

[0131] Asdescribed above, the parameterI g, rcmay be set
separately forthe CSI-RS assumed by the user equipment that
the transmission power is not 0 and the CSI-RS assumed by
the user equipment that the transmission power is 0. The
subframe that includes the CSI-RS may be expressed by the
following Equation 12 (in Equation 12, n,is a system frame

number, and n, is a slot number).
(10n+|ny/2]-A cs.rs)mod T gy ps=0 [Equation 12]

[0132] A CSI-RS-Config information element (IE) defined
as illustrated in Table 2 below may be used to specify CSI-RS
configuration.

TABLE 2
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[0133] In Table 2, the antenna port count parameter anten-
naPortsCount represents the number of antenna ports (that is,
CSI-RS ports) used for CSI-RS transmission, and anl corre-
sponds to 1 and an2 corresponds to 2.

[0134] InTable 2, the p_C parameter represents a PDSCH
EPRE (Energy Per Resource Element) to CSI-RS EPRE ratio
assumed when the user equipment UE derives CSI feedback.
[0135] In Table 2, the resource configuration parameter
resourceConfig has a value that determines a position of a
resource element to which the CSI-RS is mapped on the RB
pair as illustrated in FIG. 8.

[0136] In Table 2, the subframe configuration parameter
subframeConfig corresponds to I < in Table 1.

[0137] In Table 2, zeroTxPowerResourceConfiglist and
zeroTxPowerSubframeConfig respectively correspond to
resourceConfig and subframeConfig for the CSI-RS of the
transmission power of 0.

[0138] Details of the CSI-RS configuration IE in Table 2
will be understood with reference to the standard document
TS 36.331.

[0139] Channel Status Information (CSI)

[0140] The MIMO scheme may be divided into an open-
loop system and a closed-loop system. The open-loop MIMO
scheme means that a MIMO transmitter performs MIMO
transmission without feedback of channel status information
from a MIMO receiver. The closed-loop MIMO scheme
means that the MIMO transmitter performs MIMO transmis-
sion by using the channel status information fed back from the
MIMO receiver. In the closed-loop MIMO scheme, each of
the transmitter and the receiver may perform beamforming on
the basis of the channel status information to obtain multi-
plexing gain of MIMO transmitting antennas. The transmitter
(for example, base station) may allocate an uplink control
channel or an uplink shared channel to the receiver (for
example, user equipment), so that the receiver may feed the
channel status information back.

[0141] The user equipment may perform estimation and/or
measurement for a downlink channel by using the CRS and/or
the CSI-RS. The channel status information (CSI) which is
fed back from the user equipment to the base station may

CSI-RS-Config information elements

-- ASN1START
CSI-RS-Config-r10 ::= SEQUENCE {
csi-RS-r10 CHOICE {
release NULL,
setup SEQUENCE {

antennaPortsCount-r10
resourceConfig-r10
subframeConfig-r10

INTEGER (0..31),
INTEGER (0..154),

p-C-r10 INTEGER (-8..15)
¥
¥ OPTIONAL,
Need ON
zeroTxPowerCSI-RS-r10 CHOICE {
release NULL,
setup SEQUENCE {

zeroTxPowerResourceConfigList-r10
zeroTxPowerSubframeConfig-r10 INTEGER (0..154)
}

} OPTIONAL
Need ON

-- ASN1STOP

ENUMERATED {anl, an2, an4, an8},

BIT STRING (SIZE (16)),
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include a rank indicator (RI), a precoding matrix index (PMI),
and a channel quality indicator (CQI).

[0142] TheRIisinformation for a channel rank. The rank of
the channel means a maximum number of layers (or streams)
that may transmit different kinds of information through the
same time-frequency resources. Since the rank value is
mainly determined by long term padding of a channel, the
rank value may generally be fed back in accordance with a
longer period (that is, less frequently) than those of the PMI
and the CQIL.

[0143] The PMI is information for a precoding matrix used
for transmission from the transmitter, and is a value that
reflects spatial features of a channel. Precoding means that
transmission layers are mapped into transmitting antennas,
and layer-antenna mapping relation may be determined by a
precoding matrix. The PMI corresponds to a precoding
matrix index of the base station preferred by the user equip-
ment on the basis of a metric such as a signal-to-interference
plus noise ratio (SINR). In order to reduce feedback overhead
of precoding information, the transmitter and the receiver
previously share a codebook that includes various precoding
matrixes, and only an index indicating a specific precoding
matrix in the corresponding codebook may be fed back. For
example, the PMI may be determined on the basis of Rl which
is reported most recently.

[0144] The CQI is the information indicating channel qual-
ity or channel strength. The CQI may be expressed by MCS
combination which is previously determined. In other words,
the CQI index represents a corresponding modulation scheme
and a code rate. The CQI may be calculated by assuming that
the PDSCH may be received without exceeding a predeter-
mined error probability (for example, 0.1) on the assumption
that a specific resource region (for example, region specified
by valid subframe and/or physical resource block) is set to
CQI reference resource and PDSCH transmission exists in
the corresponding CQI reference resource. Generally, the
CQI becomes a value that reflects received SINR that may be
obtained if the base station configures a spatial channel by
using the PMI. For example, the CQI may be calculated on the
basis of RI and/or PMI which is reported most recently.
[0145] In the system (for example, LTE-A system) that
supports extended antenna configuration, it is considered that
additional multi-user diversity is acquired using a multi-user-
MIMO (MU-MIMO) scheme. In case of the MU-MIMO
scheme, since an interference channel exists between the user
equipments multiplexed in an antenna domain, if the base
station performs downlink transmission by using channel
status information fed back from one of multiple user equip-
ments, it is required that interference should not occur with
the other user equipments. Accordingly, in order that MU-
MIMO operation is performed normally, channel status infor-
mation having exactness higher than that of the SU-MIMO
scheme should be fed back.

[0146] A new CSI feedback method improved from CSI,
which includes the existing RI, PMI and CQI, may be used
such that the channel status information may be measured and
reported more exactly. For example, the precoding informa-
tion fed back from the receiver may be indicated by combi-
nation of two PMIs (for example, il and i2). As a result, more
exact PMI may be fed back, and more exact CQI may be
calculated and reported on the basis of the more exact PMI.
[0147] Inthe meantime, the CSI may periodically be trans-
mitted through the PUCCH, or may aperiodically be trans-
mitted through the PUSCH. Also, various report modes may
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be defined depending on which one of RI, first PMI (for
example, W1), second PMI (for example, W2) and CQI is fed
back and whether PMI and/or CQI which is fed back is for
wideband (WB) or subband (SB).

[0148] CQI Calculation

[0149] Hereinafter, CQI calculation will be described in
detail on the assumption that a downlink receiver is a user
equipment. However, the description in the present invention
may equally be applied to a relay as a downlink reception
entity.

[0150] A method for configuring/defining a resource (here-
inafter, referred to as reference resource), which becomes a
reference of CQI calculation, when the user equipment
reports CSI will be described. First of all, definition of CQI
will be described in more detail.

[0151] The CQI reported by the user equipment corre-
sponds to a specific index value. The CQI index is a value
indicating a modulation scheme, code rate, etc., which corre-
spond to the channel status. For example, the CQI indexes and
their definition may be given as illustrated in Table 3.

TABLE 3
CQI index modulation code rate x 1024 efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547
[0152] Based on observation which is not limited by time

and frequency, the user equipment may determine the highest
CQI index, which satisfies a predetermined requirement of
CQIl indexes 1 to 15 of Table 3, for each CQI value reported at
anuplink subframe n. The predetermined requirement may be
defined that a single PDSCH transmission block, which
reserves a group of downlink physical resource blocks
referred to as CQI reference resources, may be received at a
transmission block error probability that does not exceed 0.1
(that is, 10%), in accordance with combination of a modula-
tion scheme (for example, MCS) and a transmission block
size (TBS), which correspond to the corresponding CQI
index. If the CQI index 1 does not satisfy the above require-
ment, the user equipment may determine CQI index O.

[0153] Incase of a transmission mode 9 (corresponding to
maximum 8-layer transmission) and a feedback report mode,
the user equipment may perform channel measurement for
calculating a CQI value reported at an uplink subframe n, on
the basis of the CSI-RS only. In case of the other transmission
mode and corresponding report modes, the user equipment
may perform channel measurement for CQI calculation on
the basis of the CRS.
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[0154] If the following requirements are all satisfied, com-
bination of the modulation scheme and the transmission
block size may correspond to one CQI index. The combina-
tion may be signaled for transmission on the PDSCH at the
CQI reference resource in accordance with a related trans-
mission block size table, the modulation scheme is indicated
by the corresponding CQI index, and if combination of the
transmission block size and the modulation scheme is applied
to the reference resource, a valid channel code rate closest to
a code rate indicated by the corresponding CQI index corre-
sponds to the above requirement. Iftwo or more combinations
of'the transmission block size and the modulation scheme are
close to the code rate indicated by the corresponding CQI
index at the same level, combination having the minimum
transmission block size may be determined.

[0155]
[0156] The CQI reference resource in the frequency
domain is defined by a group of downlink physical resource
blocks corresponding to a band to which the obtained CQI
value is related.

[0157] The CQI reference resource in the time domain is
defined by single downlink subframe n-nCQI_ref. In this
case, in case of periodic CQI report, nCQI_ref is determined
as a value which enables the downlink subframe n-nCQI_ref
to correspond to a valid downlink subframe while being the
smallest of values greater than 4. In case of aperiodic CQI
report, nCQI_ref is determined as CQI reference resource
which is the same downlink subframe as a valid downlink
subframe corresponding to CQI request (or subframe for
which CQI request is received) at an uplink DCI format (that
is, PDCCH DCI format for providing uplink scheduling con-
trol information to the user equipment). Also, in case of
aperiodic CQI report, nCQI_ref is 4 and the downlink sub-
frame n-nCQI_ref corresponds to the valid downlink sub-
frame, wherein the downlink subframe n-nCQI_ref may be
received after the subframe corresponding to CQI request (or
subframe for which CQI request is received) at a random
access response grant. In this case, the valid downlink sub-
frame means the downlink subframe that is set to the down-
link subframe for the corresponding user equipment UE, is
not the MBSFN subframe except the transmission mode 9,
does notinclude a DwWPTS field if the length of DWPTS is less
than 7680*Ts (Ts=1/(15000x2048) second), and does not
belong to a measurement gap configured for the correspond-
ing UE. If there is no valid downlink subframe for the CQI
reference resource, CQI report may be omitted for the uplink
subframe n.

[0158] The CQI reference resource in a layer region is
defined as random RI and PMI based on CQI.

[0159] In order that the user equipment derives CQI index
from the CQI reference resource, the followings may be
assumed: (1) first three OFDM symbols of the downlink
subframe are used for control signaling; (2) there is no
resource element used by a primary synchronization signal, a
secondary synchronization signal or a physical broadcast
channel; (3) the CQI reference resource has a CP length of
non-MBSFEN subframe; (4) redundancy version is 0; (5) if
CSI-RS is used for channel measurement, a PDSCH EPRE to

The CQI reference resource is defined as follows.
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CSI-RS EPRE ratio has a predetermined value signaled by the
upper layer; (6) PDSCH transmission scheme (single antenna
port transmission, transmission diversity, spatial multiplex-
ing, MU-MIMO, etc.) defined for each transmission mode is
currently set for the corresponding UE (default mode may be
provided); and (7) if CRS is used for channel measurement,
the PDSCH EPRE to CRS EPRE ratio may be determined
depending on a predetermined rule. Details related to CQI
definition may be understood with reference to 3GPP TS36.
213.

[0160] In short, the downlink receiver (for example, user
equipment) may set a previous specific single subframe to the
CQI reference resource based on the time when CQI calcu-
lation is currently performed, and may calculate CQI value
from the corresponding CQI reference resource to satisfy the
condition that error probability does not exceed 10% when
the PDSCH is transmitted from the base station.

[0161]
[0162] Precoding for properly distributing transmission
information in accordance with a channel status of each
antenna may be used to support multi-antenna transmission.
A codebook based precoding scheme means that a transmitter
and a receiver previously defines a set of precoding matrixes,
the receiver feeds the most suitable precoding matrix (that is,
precoding matrix index (PMI)) back to the transmitter by
measuring channel information from the transmitter, and the
transmitter applies proper precoding to signal transmission
on the basis of PMI. Since the codebook based precoding
scheme selects a proper precoding matrix of the set of the
precoding matrixes, although optimized precoding is always
not used, feedback overhead may be reduced as compared
with that optimized precoding information is explicitly fed
back to actual channel information.

[0163] FIG. 10 is a diagram illustrating a basic concept of
codebook based precoding.

[0164] According to the codebook based precoding
scheme, the transmitter and the receiver shares codebook
information that includes a predetermined number of precod-
ing matrixes which are previously determined in accordance
with a transmission rank, the number of antennas, etc. In other
words, if feedback information is finite, the precoding based
codebook scheme may beused. The receiver may measure the
channel status through a received signal and feed information
on infinite number of preferred precoding matrixes (that is,
indexes of corresponding precoding matrixes) back to the
transmitter on the basis of the aforementioned codebook
information. For example, the receiver may select an opti-
mized precoding matrix by measuring the received signal in
accordance with a maximum likelihood (ML) scheme or a
minimum mean square error (MMSE) scheme. Although
FIG. 10 illustrates that the receiver transmits precoding
matrix information per codeword to the transmitter, the
present invention is not limited to the example of FIG. 10.
[0165] The transmitter that has received feedback informa-
tion from the receiver may select a specific precoding matrix
from the codebook on the basis of the received information.
The transmitter that has selected the precoding matrix may
perform precoding in such a way to multiply layer signals

Codebook Based Precoding Scheme

Samsung Exhibit 1003, Page 178 of 290



US 2015/0124736 Al May 7, 2015
equivalent to transmission ranks by the selected precoding TABLE 4-continued
matrix, and may transmit the precoded signals through a
. . . . Number of rank
plurality of antennas. The transmitter may notify the receiver
what precoding information applied to the transmitting sig- Codebook index 1 2
nals is. The number of rows in the precoding matrix is the 3 Ll _
same as the number of antennas, and the number of columns ﬁ[ - }
is the same as the rank value. Since the rank value is the same
TABLE 5
Codebook Numbers of layers v
index u, 1 2 3 4
0 up=[1-1-1-1]7" Woith WollhyZ W 143w it
1 w=[1-1j with wiRiyg W B3 w2
2 w=[11-11)7 w, it W27 W, 123143 W, (321415
30 w=[j1-7 wiith W, i2hT W lishys w324l
4w =[(-1-pVMZ-ja-pN2T Wil W MAT w2 w1234t/
5 us=[1(1-PNZj(1-pAN2]T Wit Wslg w23 wii234hy
6 ug=[L(L+)V2-j(-1+)NZ)T Wil WlBINT W33 w2
7w =[l(-1+)DNZj A+ PN Wil WABING w34 w3241 /5
8 ug=[1-111]7 Wit W27 w1243 w1234
9 ug=[l-j-1-]" Wit WollINZ w33 W, li234
10 ue=[111-1]7 Wiollh W lBIWE W UIBhF w3241
1wy, =[1j-1j7 w, o w UBNT W Ty (13245
12 up=[1-1-11]F Wttt wLUWT wUBhE w1234
13 u=[1-11-1]7 wittt  wBWT wUBhyE w34
14 uy=[11-1-177 Wttt w BT W UBhE w3214
15 ws=[1111]7 Wit W SHPWT O WP w23

as the number of layers, the number of columns is the same as
the number of layers. For example, if the number of transmit-
ting antennas is 4 and the number of transmission layers is 2,
the precoding matrix may be configured as a 4x2 matrix.
Information transmitted through each layer may be mapped
into each antenna through the precoding matrix.

[0166] The receiver that has received the signal precoded
by and transmitted from the transmitter may perform inverse
processing of precoding performed by the transmitter and
recover the received signals. Generally, since the precoding
matrix satisfies a unitary matrix (U) condition such as
U*U¥=I, the inverse processing of precoding may be per-
formed in such a manner that a Hermit matrix P* of the
precoding matrix P used for precoding of the transmitter is
multiplied by the received signals.

[0167] For example, the following Table 4 illustrates a
codebook used for downlink transmission that two transmit-
ting antennas are used in the 3GPP LTE release-8/9, and the
following Table 5 illustrates a codebook used for downlink
transmission that four transmitting antennas are used in the
3GPP LTE release-8/9.

TABLE 4

Number of rank

Codebook index 1 2
0 1t 1710
WH _2[0 1]

1 171 111
ﬁ[—l] 5[1 —1]
2 s el

V2 Lj jo=i

[0168] InTable5, W, is obtained by a set {s} configured
from Equation expressed as W,=I-2u,u,“/u,”u,. In this
case, I represents a 4x4 single matrix, and u,, is a value given
by Table 5.

[0169] As illustrated in Table 4, a codebook for two trans-
mitting antennas has a total of seven precoding vectors/ma-
trixes. In this case, since the single matrix is intended for the
open-loop system, a total of six precoding vectors/matrixes
are obtained for precoding of the closed-loop system. Also, a
codebook for four transmitting antennas as illustrated in
Table 5 has a total of sixty-four precoding vectors/matrixes.

[0170] Additionally, inthe system (for example, 3GPP LTE
release-10 or advanced system) that supports extended
antenna configuration, for example, MIMO transmission
based on eight transmitting antennas may be performed. A
codebook design for supporting MIMO transmission is
required.

[0171] For CSI report for the channel transmitted through
eight antenna ports, it may be considered that codebooks as
illustrated in Table 6 to Table 13 are used. Eight CSI-RS
antenna ports may be expressed as antenna port indexes 15 to
22. Each of Tables 6, 7, 8, 9, 10, 11, 12 and 13 illustrates an
example of a codebook for 1-layer, 2-layer, 3-layer, 4-layer,
5-layer, 6-layer, 7-layer, and 8-layer CSI reports based on the
antenna ports 15 to 22.

[0172] InTable 6to Table 13, ¢,, and v,, may be given by the

following Equation 13.
¢, =™ [Equation 13]

,vm:[le/‘Zﬂ:m/SZ e/‘Aﬂ:m/SZ e/‘é-n:m/SZ]T
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TABLE 6

i

(1 1 1 L 1 1 1 1
0-15 Wy, 0" ) sz',,l( > W2i1,2( > Wzi,,s( ) szlu,o( ) W2i1+1,1( > W2i1+1,2( > sz,u,s( >

i

iy 8 9 10 11 12 13 14 15

1 1 1 L 1 1 1 L
0-15 W211+2.o() W2i1+2,1() W2i1+2,2() WZi,+z.3() W211+3.o<) W2i1+3~l(> W2i1+3.2() Wzr,+3.3()

1 Vin
where W), = [ ]

V8 L avn

TABLE 7 TABLE 7-continued
. i
>3
i 8 9 10 11
i 0 1 2 3
0-15 W211,2i1+1,0(2) W2i1,2i1+1,1(2) W2i1+1,2i1+2,0(2) W2i1+1,211+2,1(2)
2 2] 2 2
0-15 Wzi,,zil,o( > wzil,zil,l( ) Wzilugi,u,o( ) W2i1+1,2i,+1,1( > in
i iy 12 13 14 15
2
2 2 2]
0-15 sz,,zi,+3,o( ) W2i1,2i1+3,1(2) W2i1+1.2i1+3,0( ) W2i1+1,2z,+3,1( )
i 4 5 6 7

11 v V!
o where Wﬁ)m/ "= 7[ " " ]
R R A

2 2 2
0-15 W2i1+2,2i1+2,0() W2i1+2,2i1+2,1() Woi43.2i43,0 ) W2i1+3,2i1+3>1()

TABLE 8
i
i 0 1 2 3
0-3 Wa 8148 Wnissisiss  Weisirssiss’ Waipsssisn
iy
i 4 5 6 7

3 ) ® 3 W 3
0-3 Weiiasi2air10” Weipriosip28i010” Weiosiriosieio™ Wairiosi2sime2"

i 8 9 10 11

)

. @ 3 > W ®
0-3 Wipagipragin12 Weipizsisasie2 . Weiasieisie2 Wi 12,81 14,8114

i

i 12 13 14 15

3)

- (©] 3 % X @)
0-3 Weinssirasirta Wsipniasiresirid  Wein68i414,8i+14 Wsiir14,81+6,811+6

where W& _ 1 Vi V! Vi - 3) 1 Vi V! Vo

- W -
I VI B A e 2 I NGV B A A
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TABLE 9
i
i 0 1 2 3
0-3 W8i1.811+8.0(4) W8i1,8r1+8.1(4) W8i1+2.8i1+10.0(4) W8i1+2.8i1+10,1(4)
i
i 4 5 6 7

@) (©] “) [©]
0-3 Wsijrasipe12,0 Waiyd sip+12,1 Wsire6,i+140 ~ Wsips6,8ip+14,1

1 Vi V! Vin V!
where Wi:)’m, L= —— m "
U322 LV oV —PnVm —PnVir

May 7, 2015
14

[0177] If a plurality of transmitting antennas should be
installed in an insufficient space, ULA antenna configuration
as illustrated in FIGS. 11(a) and 11(b) may not be appropri-
ate. Accordingly, it may be considered that dual-pole (or
cross-pole) antenna configuration as illustrated in FIG. 11(c)
is used. If the transmitting antennas are configured in this
way, although a distance d between the antennas is relatively
short, an independent channel may be configured by lowering
antenna correlation, whereby data transmission of high
throughput may be performed.

[0178] Intheexample of FIG. 11(c),inarray of atotal of N,
number of transmitting antennas, a group 1 of indexes 1, 2, .
.., N4/2 and a group 2 of indexes N/2+1, N/2+2, ... N,
may be configured to have polarizations orthogonal to each
other. The antennas of the antenna group 1 may have the same
polarization (for example, vertical polarization) and the

TABLE 10 antennas of the antenna group 2 may have another same
- polarization (for example, horizontal polarization). Also, the
; ‘é two antenna groups are co-located. For example, antenna 1
. and N,/2+1, antenna 2 and N,/2+2, antenna 3 and N,/2+3, ..
0-3 o L [V YVa Vass Vapss Vaies ., antenna N,/2 and N, may be co-located. In other words, the
UT A0 v —va, Vaies —Vages Vaijeis antennas within one antenna group have the same polariza-
' . : ! tion like ULA (Uniform Linear Array), and correlation
between the antennas within one antenna group has linear
phase increment property. Also, correlation between the
TABLE 11 antenna groups has phase rotation property.
. [0179] 1-Dimensional Antenna Array and CSI Feedback
Iy . . .
i 0 [0180] 1-dimensional antenna array may include ULA or
0 cross-pole antenna array configuration as illustrated in FIG.
@ _ L |V VEr Vs Vapss o Vel Vaies 11. If this 1-dimensional antenna array is used, the aforemen-
U Va8 [ Ve, —Vai Vaijss —Vaiges V2ip+l6 —Vaij+16 tioned reference signal transmission and CSI feedback
method is used. In other words, in order to estimate the
channel between the transmitter and the receiver (or base
TABLE 12
i2
i 0
0-3 ) _ 1 Vaip o Vaip o Vaip+8 V2ip+8 V2ip+l6 V2ip+16 V2ip+24
e V56 [ V2ip  —Vaip Vaip+s  ~V2ip+8  V2ip+16 TV2ij+16 V2ip+24
TABLE 13
i
i 0
0 W L[ vaip  Vaip  Vaig+s  Vaipe8  V2ip+l6 V2ip+le  V2ips24 V2ipe24
1T Vaip  —V2ip V2ip+8 —V2ip+8 V2ip+16 TV2ip+16 V2ip+24 TV2ip+24

[0173] Multi-Antenna Array

[0174] FIG. 11 is a diagram illustrating examples consti-
tuting 8 transmitting antennas.

[0175] FIG. 11(a) illustrates that N number of antennas
configures mutual independent channels without grouping.
Generally, this antenna configuration will be referred to as
ULA (Uniform Linear Array).

[0176] FIG.11(b) illustrates ULA type antenna configura-
tion of a pair of antennas (Paired ULA). In this case, the pair
of antennas may have an associated channel therebetween
and have an independent channel from another pair of anten-
nas.

station and user equipment) in downlink transmission, the
transmitter may transmit the reference signal (for example,
CRS or CSI-RS) to the receiver, and the receiver may estimate
the channel status based on the reference signal. The receiver
may calculate rank, precoding weight value, and CQI based
on the precoding weight value, which will be expected to be
suitable for downlink data transmission, on the basis the
channel information acquired through the reference signal.
[0181] For MIMO transmission such as precoded spatial
multiplexing, precoding information may be required,
wherein the precoding weight value may be configured in a
type of codebook.
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[0182] For example, in the MIMO system that uses four
transmitting antennas (hereinafter, referred to as 4Tx), CSI
feedback for precoded spatial multiplexing (SM) based on the
CRS may be described as follows. When the base station
having four transmitting antennas transmits the CRS, if it is
assumed that indexes of antenna ports (AP) mapped into each
RS are APO, 1, 2 and 3, the user equipment may estimate the
channels from APO, 1, 2 and 3 by using the CRS.

[0183] In this case, if the matrix (or vector) that expresses
the channel estimated by the user equipment is H, H=[H,, H, ,
Hy3 Hyus Hyy Hpy Hys Hay .- Hyy Hyyp Hy s Hy,u] may be
expressed. In other words, H may be expressed as NrxNt
sized matrix (or vector). In this case, Nr is the number of
receiving antennas, and Nt is the number of transmitting
antennas.

[0184] Also, the user equipment may assume that the base
station transmits data by using a precoding weight matrix (or
vector) W, (k). In W, (k), m means a transmission rank, and k
means index of the precoding weight matrix (or vector)
defined for Rank-m. W, (k) may be expressed as W (k)=
Wy WoWs W W Woy Wos W s Wy W, Wy
o Wa oo W, W, Wy 0 W, ] That is, W, (k) may be
expressed as Ntxm sized matrix (or vector).

[0185] Also, the user equipment may calculate an equiva-
lent channel H,,,. The equivalent channel H,,, may be calcu-
lated by synthesis of the estimated channel H and the precod-
ing weight value W, (k) (that is, H,,=HW,,(k)), or may be
calculated by synthesis of a Covariance Matrix R of the esti-
mated channel and the precoding weight value W, (k) (that is,
H,,RW,(k)). The user equipment may select rank and pre-
coding weight value, which are suitable for downlink trans-
mission, on the basis of the equivalent channel H,,. Also, the
user equipment may calculate CQI expected when the
selected rank and precoding weight value are used.

[0186] For another example, in the MIMO system that uses
eight transmitting antennas (hereinafter, referred to as 8Tx),
CSI feedback for precoded spatial multiplexing (SM) based
on the CSI-RS may be described as follows. When the base
station having eight transmitting antennas transmits the CSI-
RS, ifitis assumed that indexes of antenna ports (AP) mapped
into each RS are AP15, 16, 17, 18, 19, 20, 21, 22, the user
equipment may estimate the channels from AP15, 16, 17, 18,
19, 20, 21, 22 by using the CSI-RS.

[0187] In this case, if the matrix (or vector) that expresses
the channel estimated by the user equipmentis H, H=[H,, H,
H3H, Hys Hy s Hy7 Hygs Hyy Hap Hos Hoy Hos Hyg Hay Hog;
-3 Hypy Hypo Hy Hy Hyvys Hiyyo Hivyr Hyyps] (Wherein Nr
is the number of receiving antennas) may be expressed.
[0188] Also, the user equipment may assume that the base
station transmits data by using a precoding weight matrix (or
vector) W, (k). W, (k) may be expressed as W, (k)=[W,, W,
22 Wos oo . Wy, s Wiy Wa Wis . W,

130 Wi Wy 2m> 3m>

o We We, Wes o0 W L

[0189] Also, the user equipment may select rank and pre-
coding weight value, which are suitable for downlink trans-
mission, on the basis of the equivalent channel H,, (wherein,
the equivalent channel is calculated by H,,~HW,,(k) or
H.,/RW,,(k)), and may calculate CQI expected when the
selected rank and precoding weight value are used.

[0190] Accordingly, in the MIMO system that supports Nt
number of transmitting antennas, the user equipment may
feed CSI (for example, RI, PMI, CQI), which is selected/
calculated using the CRS or CSI-RS as described above, back
to the base station. The base station may determine rank,
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precoding weight value, and modulation and coding scheme,
which are suitable for downlink transmission, by considering
the CSI reported by the user equipment.

[0191] 2-Dimensional Antenna Array and CSI Feedback
[0192] FIG. 12(a) illustrates ULA which is an example of
1-dimensional antenna configuration, and FIG. 12(b) illus-
trates URA (Uniform Rectangular Array) which is an
example of 2-dimensional antenna configuration.

[0193] In the example of ULA of FIG. 12(a), N number of
antennas are arranged at an interval of d,. A weave for ULA
may be expressed as a vector k,,. \,, represents a direction of
the vector k,,, and corresponds to an azimuth angle on a x-y
plane.

[0194] A steering vector represents a set of phase delays
suffered by the wave, wherein the set of phase delays is
determined by antennas belonging to the antenna array. If the
steering vector is a,, the following Equation may be
expressed.

d, [Equation 14]
$p = 7‘505(‘/’;’)
agp) =

[1 e/ g2 | g iniN-ligp 7

[0195] IntheaboveEquation 14, A represents a wavelength.
The steering vector a, is defined by Nx1 sized complex vector,
and each of N number of elements of a, represents relative
phase at each of the antennas of ULA.

[0196] In the example of URA of FIG. 12(5), the antennas
are arranged 2-dimensionally on a x-z plane. URA may be
referred to as UPA (Uniform Planar Array). This 2-dimen-
sional antenna structure is suggested as a method for arrang-
ing so many antennas, and may be used for massive MIMO
for maximizing advantages of the existing MIMO technol-
ogy.

[0197] URA of FIG. 12(b) includes NxM number of anten-
nas. The NxM number of antennas are arranged on an X axis
at an interval of d,, and on a z axis at an interval of d_. A
direction of a wave vector k,, of URA may be expressed by an
azimuth angle 1, on a x-y plane and an elevation angle 6,, on
ay-zplane. Also, a steering matrix for URA may be expressed
by the following Equation.

de . [Equation 15]
6, = 7sm(z?,,) d

dr
o= Tcos(tpp)cos(ﬂp)

ac(0,)=[1 e p By prit MLy ]T

ale) =1 e IFop  pi2p L R2mN-ligp ]T

A0y, 9p) = ac(0,)-a,(0,)"

[0198] In the above Equation 15, A(8,,¢,) represents a
steering matrix. The) steering matrix A(0,,9, is defined as
NxM sized complex matrix, and each of NxM number of
elements represents relative phase at each of the antennas of
URA.

[0199] A beam formed by the 1-dimensional antenna struc-
ture like the existing ULA is specified by the azimuth angle
(for example, horizontal domain) only and cannot be speci-
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fied by the elevation angle (for example, vertical domain),
whereby 2-dimensional beamforming is only supported. This
1-dimensional antenna structure (for example, ULA or cross-
pole array configuration) may support adaptive beamforming
or spatial multiplexing in a direction of the azimuth angle, and
MIMO transmission and reception scheme for the 1-dimen-
sional antenna structure is only designed in the existing wire-
less communication system (for example, system based on
3GPP LTE release-8, 9, 10 and 11).

[0200] Inthe meantime, if 2-dimensional antenna structure
(forexample, URA) based MIMO transmission and reception
scheme, which is intended to improve system throughput, is
supported, the beam formed by the 2-dimensional antenna
structure may be specified in the direction of the azimuth
angle and the direction of the elevation angle, whereby 3-di-
mensional beamforming may be performed.

[0201] FIG. 13 is a diagram illustrating examples of beam-
forming based on 2-dimensional antenna configuration.
[0202] FIG. 13(a) illustrates examples of sector specific
beamforming formed by restricting a certain range of the
azimuth angle and a certain range of the elevation angle. FIG.
13() illustrates examples of UE-specific beamforming
formed by varying the elevation angle on the same azimuth
angle.

[0203] According to the function of forming the beam by
specifying the azimuth angle and the elevation angle as
described above, sector specific elevation beamforming (for
example, vertical pattern beamwidth and/or downtilt based
adaptive control), improved sectorization in the vertical
domain, and new beamforming such as user (or UE)-specific
elevation beamforming may be supported.

[0204] Vertical sectorization may increase average system
throughput through gain of a vertical sector pattern, and does
not require support of additional standard technology.
[0205] UE-specific elevation beamforming may improve
SINR to the corresponding UE by designating a vertical
antenna pattern. On the other hand, unlike vertical sectoriza-
tion or sector-specific vertical beamforming, UE-specific
elevation beamforming requires support of additional stan-
dard technology. For example, in order to normally support
2-dimensional port structure, CSI measurement and feedback
method of the UE for UE-specific elevation beamforming
will be required.

[0206] In order to support UE-specific elevation beam-
forming, a downlink MIMO improvement method will be
required. Examples of the downlink MIMO improvement
method may include improvement (for example, new code-
book design, method for supporting codebook selection/up-
date/modification, minimization of CSI payload size
increase, etc.) of CSI feedback method of the UE, change of
CSI-RS configuration for UE-specific elevation beamform-
ing, definition of additional antenna ports for UE-specific
elevation beamforming, and improvement (for example,
method for obtaining common channel coverage and/or RRM
(Radio Resource Management) measurement reliability if the
number of antenna ports is increased) of downlink control
operation for supporting UE-specific elevation beamforming.
[0207] Also, in designing the improved downlink MIMO
operation, various factors such as base station (eNB) antenna
calibration error (error on phase and time), estimation error,
downlink overhead, complexity, feedback overhead, back-
ward compatibility, actual UE realization, reuse of the exist-
ing feedback framework, and subband to wideband feedback
may be considered.
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[0208] Method for Transmitting Reference Signal to Sup-
port 2-Dimensional Antenna Structure

[0209] The present invention suggests a method for trans-
mitting a reference signal and a CSI feedback method to
normally and efficiently support schemes such as UE-specific
elevation beamforming and vertical sectorization, which may
be performed by the 2-dimensional antenna structure.

[0210] Inthe existing system, a beam direction is fixed in a
vertical direction (that is, vertical direction of beam cannot be
selected/adjusted), and horizontal beamforming may be per-
formed. The base station command the UE to perform CSI-
RS configuration and transmit the CSI-RS based on the CSI-
RS configuration to the UE, so that the UE may report CSI,
which includes PMI, etc., to the base station, thereby deter-
mining the most appropriate horizontal beamforming. The
command to perform the CSI-RS configuration means that
one or more of information (for example, CSI-RS port, CSI-
RS transmission timing, CSI-RS transmission RE position,
etc.) included in the CSI-RS-Config IE of Table 2 is provided.

[0211] For 3-dimensional beamforming, vertical beam-
forming (or selection of vertical beam) is required addition-
ally to the existing horizontal beamforming, and a detailed
method for additional vertical beamforming has not been
defined yet.

[0212] Inorderto describe the basic principle of the present
invention, 2-dimensional URA (or UPA) may be assumed by
combination of ULA of a first domain (for example, horizon-
tal domain) and ULA of a second domain (for example,
vertical domain). For example, 3-dimensional beam may be
formed in such a manner that the azimuth angle is determined
in the horizontal domain after the elevation angle is deter-
mined in the vertical domain, or the elevation angle is deter-
mined in the vertical domain after the azimuth angle is deter-
mined in the horizontal domain. In this 2-dimensional
antenna structure, selection of ULA for any one of the first
and second domains may be referred to as regional selection
or domain selection.

[0213] Also, in 3-dimensional beamforming, one dimen-
sion may be determined by a static or long-term, and the other
two dimensions may be determined by a dynamic or short-
term. For example, a beam of a specific direction in the
vertical domain may be determined and beamforming of the
horizontal domain according to the existing beamforming
technology may be performed for the corresponding vertical
beam, whereby the 3-dimensional beam may be formed.

[0214] For example, it is assumed that N number of beam-
formings may be available vertically and M number of beam-
formings may be available horizontally in a planar array that
includes KxL number of antennas. In this case, one dominant
beam of the N number of vertical beam patterns may be
determined, and one beam may be selected from the M num-
ber of horizontal beam patterns, whereby the 3-dimensional
beam may be formed. At this time, if L. number of antennas of
the horizontal domain are equivalent to the number of anten-
nas of the MIMO system which is conventionally designed
(forexample, L=2, 4, 8), the existing feedback codebook may
be used for CSI feedback for horizontal beamforming.

[0215] As described above, in the 2-dimensional antenna
structure, vertical beamforming (or elevation beamforming)
may be performed together with horizontal beamforming (or
azimuth beamforming). If vertical beamforming is added to
the existing horizontal beamforming, a new method for CSI
determination/calculation (that is, determination of rank and
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precoding weight value (or precoding matrix) and CQI cal-
culation) and a method for transmitting a reference signal will
be required.

[0216] Also, the MIMO system having the 2-dimensional
antenna structure may perform vertical sectorization and at
the same time perform horizontal beamforming To this end,
the method for transmitting a reference signal and a new
method for CSI determination/calculation will be required.
[0217] In order to describe the method for transmitting a
reference signal used to acquire channel status information in
the MIMO system having the 2-dimensional antenna struc-
ture, the 2-dimensional antenna structure is assumed, in
which Ntv number of antennas are arranged in the vertical
domain and Nth number of antennas are arranged in the
horizontal domain. In this 2-dimensional antenna structure,
the base station has a total of Nt (Nt=NtvxNth) number of
antennas. In order that the UE estimates the channel trans-
mitted from the Nt number of antennas of the base station, the
base station may allocate and transmit the reference signal to
each of the Nt number of antennas.

[0218] FIGS. 14 and 15 are diagrams illustrating a method
for allocating antenna port numbers in a 2-dimensional
antenna structure.

[0219] FIG. 14 illustrates an example of a total of 16 anten-
nas (that is, 2x8 antenna structure) that include 8 columns in
a horizontal direction and 2 rows in a vertical direction.
[0220] FIG. 14(a) illustrates an example of counting
antenna port numbers in a horizontal first manner. In the
example of FIG. 14(a), for a total of 16 antennas (that is, 2x8
antenna structure) that include 8 columns in a horizontal
direction and 2 rows in a vertical direction, antenna port
numbers p, p+1, . . . p+7 are sequentially allocated to eight
antennas in a horizontal direction of the first row, if there is no
antenna to which antenna port number will be allocated in a
horizontal direction, antenna port numbers p+8, p+9, ... p+15
are sequentially allocated to eight antennas of the second row
in a vertical direction.

[0221] FIG. 14(b) illustrates an example of counting
antenna port numbers in a vertical first manner. In the
example of FIG. 14(5), antenna port numbers p, p+1 are
sequentially allocated to two antennas in a vertical direction
ofthe first column, if there is no antenna to which antenna port
number will be allocated in a vertical direction, antenna port
numbers p+2, p+3 are sequentially allocated to two antennas
of the second column in a vertical direction. In this way, the
antenna port numbers are allocated to a total of 16 antennas in
accordance with a vertical first manner.

[0222] FIG. 15 illustrates an example of a total of 16 anten-
nas (that is, 4x4 antenna structure) that include 4 columns in
a horizontal direction and 4 rows in a vertical direction. FIG.
15(a) illustrates an example of counting antenna port num-
bers in a horizontal first manner. FIG. 15(5) illustrates an
example of counting antenna port numbers in a vertical first
manner.

[0223] In the MIMO system to which the aforementioned
2-dimensional antenna structure is applied, in order that the
receiver determines/calculates channel status information of
the channel formed from the 2-dimensional antenna struc-
ture, the reference signal suitable for the 2-dimensional
antenna structure should be transmitted from the transmitter.
Hereinafter, examples of the present invention for reference
signal configuration suitable for the 2-dimensional antenna
structure will be described.

[0224] Method 1

[0225] According to the method 1 of the present invention,
reference signal configuration for channel estimation of the
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2-dimensional antenna structure may be defined by reuse or
modification of the CSI-RS configuration defined in the
3GPP LTE release-10 or 11.

[0226] The above Table 2 illustrates configuration of the
CSI-RS-Config IE defined in the 3GPP LTE release-10or 11.
For example, in the system according to the release-10, a
CSI-RS pattern for supporting 1, 2, 4 or 8Tx antenna ports has
been defined. As illustrated in FIG. 8, on one resource block
pair, one of 32 patterns may be used for 2Tx antenna port
CSI-RS, one of 16 patterns may be used for 4Tx antenna port
CSI-RS, and one of 8 patterns may be used for 8Tx antenna
port CSI-RS.

[0227] Also, as illustrated in Table 1, for configuration for
a subframe at which the CSI-RS is transmitted, one of 155
combinations of period and offset for which the CSI-RS is
transmitted, may be used.

[0228] Also, the CSI-RS is power boosted in accordance
with a p_C parameter value, wherein the same power boost-
ing value is applied to each antenna port.

[0229] CSI-RS configuration of the existing 3GPP LTE
release-10/11 may be used by being corrected to CSI-RS
configuration for the 2-dimensional antenna structure as fol-
lows.

[0230] Method 1-1

[0231] If the 2-dimensional antenna structure has maxi-
mum 8 Tx antennas, CSI-RS configuration of the 3GPP LTE
release-10/11 may be used by modification.

[0232] In other words, CSI-RS resource for the 2-dimen-
sional antenna structure may be allocated using the CSI-RS
configuration of the 3GPP LTE release-10/11. However,
since the CSI-RS configuration of the 3GPP LTE release-10/
11 has been designed for the 1-dimensional antenna structure,
if the feedback codebook for the 1-dimensional antenna
structure is used for the CSI-RS for the 2-dimensional
antenna structure, maximization of throughput cannot be
expected. Accordingly, the feedback codebook for the 2-di-
mensional antenna structure should newly be designed.
[0233] Also, if the CSI-RS configuration for the 1-dimen-
sional antenna structure and the CSI-RS configuration for the
2-dimensional antenna structure are provided in the same IE
type, it is required to identify the CSI-RS configuration for the
1-dimensional antenna structure and the CSI-RS configura-
tion for the 1-dimensional antenna structure from each other.
For example, if the transmission mode (or 3-dimensional
beamforming transmission mode) based on the 2-dimen-
sional antenna structure is defined as a new transmission
mode (for example, TM11), it may be indicated explicitly or
implicitly that the feedback codebook (or feedback codebook
for 3-dimensional beamforming) for the 2-dimensional
antenna structure should be used if TM11 is set.

[0234] The feedback codebook for the 2-dimensional
antenna structure may be configured similarly to the existing
8Tx codebook (for example, Tables 6 to 13) of the 1-dimen-
sional antenna structure. However, since precoding vectors/
matrixes suitable for the property of the 2-dimensional
antenna structure should be included in the codebook, the
existing codebook cannot be used as it is.

[0235] First of all, factors constituting the existing 8Tx
rank-1 codebook (Table 6) of the 1-dimensional antenna
structure are defined to depend on the principle of a precoding
vector W as expressed by the following Equation 16.

w1 [Equation 16]
W=
Lo
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[0236] In the Equation 16, the factor W1 constituting the
vector W1 is defined as expressed by the following Equation
17.

Wiz 1 QN [Equation 17]

VNr

[0237] Inthe Equation 17, N, is the number of transmitting
antennas. N means the number of beams, n has a value of 0, 1,
2,...,N-1, and k has a value of 0, 1, 2, . . . , N;/2-1. For
example, the vector W1 of the Equation 16 may bea4-1 sized
vector corresponding to (1/8)xv,, of the Equation 13 and
Table 6.1n W, W1 is applied to antenna indexes 1,2, ..., N,/2
(that is, //// pole antennas in FIG. 11(c)) in a 1-dimensional
cross pole antenna structure of FIG. 11 (¢), a W1 is applied to
antenna indexes N/2+1, N/2+2, . . ., N (that is, \\\\ pole
antennas in FIG. 11(c)), and phase difference/between pole
antenna and \ pole antenna is compensated by a e{1,~1.j,—j}.
[0238] FIG.16is a diagram illustrating an example of 2-di-
mensional antenna array.

[0239] In design of the feedback codebook for 2-dimen-
sional antenna array, the precoding vector W defined as
expressed by the following Equation 18 may be used, wherein
the Equation 18 is modified from the Equation 16 which is the
basic Equation used for the 8Tx codebook design of the
1-dimensional antenna structure.

w1
W=
2]

[0240] In case of 1-dimensional cross pole antenna array,
the same precoding vector W1 is applied to a first antenna
group (antenna indexes 1, 2, ..., N;/2) and a second antenna
group (antenna indexes N,/2+1, N/2+2, . . ., N;). On the
other hand, in case of 2-dimensional antenna array, W1 is
applied to a first antenna group (antenna indexes 1, 2, . . .,
N;/2), whereas W2 different from W1 is applied to a second
antenna group (antenna indexes N;/2+1, N,/2+2, ... ,N,).In
2-dimensional antenna array, as the precoding vector applied
to the first antenna group, a value which is not the same as, but
similar to, the precoding vector applied to the second antenna
group may be used. In more detail, the values of the vectors
applied to the first antenna group and the second antenna
group may be modified due to elevational beamforming. For
example, W1 and W2 may be defined as expressed by the
following Equation 19.

[Equation 18]

Wl = ! I 2nkIN [Equation 19]
Nt
1 .
W2 = J2mbnkiN
Ny ¢
[0241] Asexpressed by the above Equation 19, W1 and W2

are different from each other in that whether a value of b has
been used or not. Also, the value of b is defined by a value
determined based on ‘a’ which is a combining value. For
example, the value of b may be defined as expressed by the
following Equation 20.

b=V 1-a?

[0242] The factors (that is, precoding vectors/matrixes)
which will be included in the feedback codebook for support-
ing the 2-dimensional antenna structure may be configured on

[Equation 20]
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the basis of the precoding vector W which is defined as above.
If the transmission mode for supporting the 2-dimensional
antenna structure is set, the UE may use the precoding vec-
tors/matrixes on the codebook newly defined as above when
selecting/calculating CSI.

[0243] Method 1-2

[0244] Resource configuration resourceConfig for vertical
antennas may be indicated explicitly while CSI-RS configu-
ration is being indicated on the basis of horizontal antennas.
[0245] In more detail, it is defined that a value of anten-
naPortsCount parameter {anl,an2,an4,an8, .. . } indicated by
the CSI-RS-Config IE indicates the number of antennas (for
example, L in KxL antenna array) of the horizontal domain in
the 2-dimensional antenna array. In case of the 2-dimensional
antenna array, since the same number of antennas of the
horizontal domain exist in each row, one antennaPortsCount
parameter exists.

[0246] Next, the resourceConfig parameter indicated by the
CSI-RS-Config IE is set to have one value of ranges (for
example, in case of an2, 0 to 31) determined in accordance
with the antennaPortsCount value. In this case, a plurality of
resourceConfig parameters may be included in the 2-dimen-
sional antenna array. For example, if two antennas exist in the
vertical domain, index indicating a resource element position
(thatis, CSI-RS pattern) where antennaPortsCount number of
antennas of the first row will be arranged may be indicated by
resourceConfig A parameter, and index indicating a resource
element position where antennaPortsCount number of anten-
nas of the second row will be arranged may be indicated by
resourceConfig B parameter.

[0247] As described above, the CSI-RS-Config IE for the
2-dimensional antenna array may be configured as illustrated
in Table 14 below. Table 14 corresponds to a part of Table 2,
and in Table 14, portions the same as Table 2 are omitted, and
modified/added portions from Table 2 are marked with under-
lines.

TABLE 14

antennaPortsCount-rxx
resourceConfig-rxx A
resourceConfig-rxxB
subframeConfig-rxx
p-C-rxx

ENUMERATED {anl, an2, an4, an8},
INTEGER (0..31),
INTEGER(0..31),

INTEGER (0..154),

INTEGER (-8..15)

[0248] If four antennas exist in the vertical domain, four
resourceConfig parameters may be included in the CSI-RS-
Config IE. In this way, the resourceConfig parameters equiva-
lent to the number of antennas in the vertical domain may be
included in the CSI-RS-Config IE. For example, if Ntv num-
ber of antennas exist in the vertical domain, Ntv number of
resourceConfig parameters may be included in the CSI-RS-
Config IE. As a result, the user equipment UE may know that
the corresponding CSI-RS configuration is for the 2-dimen-
sional antenna array of NtvxantennaPortsCount number of
antennas.

[0249] Method 1-3

[0250] A parameter for vertical antennas may be indicated
additionally while CSI-RS configuration is being indicated
on the basis of horizontal antennas.

[0251] It is defined that a value of antennaPortsCount
parameter {anl,an2.an4,an8, . . . } indicated by the CSI-RS-
Config IE indicates the number of antennas (for example, Ntv
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in NtvxNth antenna array) of the horizontal domain in the
2-dimensional antenna array. In case of the 2-dimensional
antenna array, since the same number of antennas of the
horizontal domain exist in each row, one antennaPortsCount
parameter exists.

[0252] In order to indicate the number of antennas in the
vertical domain, a VantennaPortsCount parameter is addi-
tionally defined. If the number of antennas in the vertical
domain is indicated by the VantennaPortsCount parameter,
resources equivalent to the number of antennas in the vertical
domain should be allocated additionally.

[0253] The resources which are allocated additionally may
be indicated implicitly by the resourceConfig parameter indi-
cated by the CSI-RS-Config IE. For example, a predeter-
mined offset value mapped into the value of the Vanten-
naPortsCount parameter is added to the index value indicated
by the resourceConfig parameter, whereby resources corre-
sponding to a resultant value may be determined as the
resources which are allocated additionally.

[0254] As described above, the CSI-RS-Config IE for the
2-dimensional antenna array may be configured as illustrated
in Table 15 below. Table 15 corresponds to a part of Table 2,
and in Table 15, portions the same as Table 2 are omitted, and
modified/added portions from Table 2 are marked with under-
lines.

TABLE 15

antennaPortsCount-rxx
resourceConfig-rxx
VantennaPortsCount-rxx
subframeConfig-rxx
p-C-1xx

ENUMERATED {anl, an2, an4, an8},
INTEGER (0..31),
ENUMERATED {anl,an2,an4,an8},
INTEGER (0..154),
INTEGER (-8..15)

[0255] According to the example of Table 15, for example,
if the antennaPortsCount parameter indicates an4 and the
resourceConfig parameter indicates a value of 0, a resource
element position corresponding to index 0 is selected from
CSI-RS resources defined for 4Tx. And, if the VantennaPorts-
Count parameter indicates an2, it may be determined that two
antennas exist in the vertical domain (that is, 2x4 antenna
array). It is assumed that an offset value mapped when the
VantennaPortsCount parameter is an2 is Offset2. In this case,
a resource element position (that is, CSI-RS pattern) corre-
sponding to index (0+Offset2) may be selected in addition to
the CSI-RS resource element position corresponding to index
0. For example, in case of Offset2=1, a CSI-RS resource
element position corresponding to index 1 may be selected
additionally. Accordingly, a resource element pattern corre-
sponding to index 0 may be determined for CSI-RS transmis-
sion for four horizontal domain antennas of the first row in the
vertical domain, and a resource element pattern correspond-
ing to index 1 may be determined for CSI-RS transmission for
four horizontal domain antennas of the second row in the
vertical domain.

[0256] Also, if the antennaPortsCount parameter indicates
an4 and the VantennaPortsCount parameter indicates an2, the
UE may recognize that the base station performs 8 Tx antenna
transmission, and may use a transmission method and/or
channel measurement method, which is defined for 8Tx
antenna transmission.

[0257] For example, if the antennaPortsCount parameter
indicates an4 and the resourceConfig parameter indicates 0, a
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resource element position corresponding to index 0 is
selected from the CSI-RS resources defined for 4Tx. If the
VantennaPortsCount parameter indicates an4, it may be
determined that four antennas exist in the vertical domain
(that is, 4x4 antenna array). It is assumed that an offset value
mapped when the VantennaPortsCount parameter is an24 is
Offset4. In this case, a resource element position (that is,
CSI-RS pattern) corresponding to index (0+Offset4) may be
selected in addition to the CSI-RS resource element position
corresponding to index 0. For example, the value of Offset4
may be 1, 2 and 3. Accordingly, a resource element pattern
corresponding to index 0 may be determined for CSI-RS
transmission for four horizontal domain antennas of the first
row in the vertical domain, a resource element pattern corre-
sponding to index 1 may be determined for CSI-RS transmis-
sion for four horizontal domain antennas of the second row in
the vertical domain, a resource element pattern corresponding
to index 2 may be determined for CSI-RS transmission for
four horizontal domain antennas of the third row in the ver-
tical domain, and a resource element pattern corresponding to
index 4 may be determined for CSI-RS transmission for four
horizontal domain antennas of the fourth row in the vertical
domain.

[0258] Also, if the antennaPortsCount parameter indicates
an4 and the VantennaPortsCount parameter indicates an4, the
UE may recognize that the base station performs 16Tx
antenna transmission, and may use a transmission method
and/or channel measurement method, which is defined for
16Tx antenna transmission.

[0259] Method 2

[0260] For reference signal transmission for channel esti-
mation in the 2-dimensional antenna structure, CSI-RS con-
figuration for the horizontal domain and CSI-RS configura-
tion for the vertical domain may be indicated. That is, CSI-RS
configuration may be configured in accordance with a target
or usage of the CSI-RS.

[0261] The following Table 16 illustrates an example of
configuration information on the CSI-RS for vertical domain
antennas.

TABLE 16

VantennaPortsCount-rxx

VresourceConfig-rxx
VsubframeConfig-rxx

ENUMERATED {anl,an2,an4,an8},
INTEGER (0..31),
INTEGER (0..154),

p-C-rxx INTEGER (-8..15)
[0262] The base station may configure CSI-RS configura-

tion for antennas of the vertical domain as illustrated in Table
16 and notify the UE of the CSI-RS configuration. Accord-
ingly, the UE may receive the CSI-RS based on the notified
CSI-RS configuration and perform channel estimation by
using the received CSI-RS. The channel estimated by the UE
is the channel for antennas of the vertical domain. The UE
may select a precoding vector preferred for the estimated
channel and report the selected precoding vector to the base
station. The base station may perform vertical beamforming
for the corresponding UE by considering the reported precod-
ing vector.

[0263] Also, configuration information on the CSI-RS for
horizontal domain antennas may be configured as illustrated
in Table 17 below.
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TABLE 17

HantennaPortsCount-rxx

HresourceConfig-rxx
HsubframeConfig-rxx

ENUMERATED{an1,an2,an4,an8},

INTEGER(0..31),
INTEGER(0..154),

p-C-rxx INTEGER (-8..15)
[0264] The base station may configure CSI-RS configura-

tion for antennas of the horizontal domain as illustrated in
Table 17 and notify the UE of the CSI-RS configuration.
Accordingly, the UE may receive the CSI-RS based on the
notified CSI-RS configuration and perform channel estima-
tion by using the received CSI-RS. The channel estimated by
the UE is the channel for antennas of the horizontal domain.
The UE may select a precoding vector preferred for the esti-
mated channel and report the selected precoding vector to the
base station. The base station may perform horizontal beam-
forming for the corresponding UE by considering the
reported precoding vector.

[0265] Inthis case, ifthe UE receives the CSI-RS for anten-
nas of the vertical domain and reports CSI for vertical beam-
forming to the base station and the base station determines
vertical beamforming based on the reported CSI, the base
station may notify the UE of CSI-RS configuration for anten-
nas of the horizontal domain by assuming the status based on
the determined vertical beamforming. In other words, The
base station determines optimized horizontal beamforming
based on vertical beamforming without determining horizon-
tal beamforming regardless of a direction of vertical beam-
forming. That is, the base station may notify the UE of CSI-
RS configuration in the horizontal domain based on vertical
beamforming and finally determine horizontal beamforming
by considering CSI feedback reported from the UE. Accord-
ingly, the base station may determine final 3-dimensional
beamforming considering both vertical beamforming and
horizontal beamforming.

[0266] Also, determination of horizontal beamforming
based on vertical beamforming may be applied favorably
when CSI-RS configuration and/or transmission for antennas
in the vertical domain is performed by a static or long-term
and CSI-RS configuration and/or transmission for antennas in
the horizontal domain is performed by a dynamic or short-
term. That is, CSI-RS configuration for antennas in the ver-
tical domain may be changed or provided less frequently than
CSI-RS configuration for antennas in the horizontal domain.
Also, the CSI-RS for antennas in the vertical domain may be
transmitted less frequently than the CSI-RS for antennas in
the horizontal domain. In this case, a value of CSI-RS sub-
frame period determined by the VsubframConfig parameter
of Table 16 may be set to a value greater than that of CSI-RS
subframe period determined by the HsubframConfig param-
eter of Table 17.

[0267] Method 3

[0268] For reference signal transmission for channel esti-
mation in the 2-dimensional antenna structure, multiple CSI-
RS configurations may be configured.

[0269] Multiple CSI-RS configurations means that beam-
forming of any one of the horizontal and vertical domains is
determined by the precoding vector previously determined by
the base station (that is, beamforming is not determined based
on CSI feedback of UE), and beamforming of the other one
domain is determined based on the precoding vector selected
and reported by the UE in accordance with CSI-RS configu-
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ration and transmission from the base station. In other words,
multiple CSI-RS configurations for determining beamform-
ing of the second domain may be configured in a state that
beamforming of the first domain is previously determined.

[0270] For example, in case of vertical domain sectoriza-
tion, multiple CSI-RS configurations may be configured for
one azimuth angle. In this case, the base station may notify the
UE of a plurality of CSI-RS configurations for vertical beam-
forming after determining one azimuth angle (that is, beam-
forming of horizontal domain is applied in accordance with a
previously determined requirement). The UE may determine
CSI-RS reception, channel estimation, and precoding vector
in accordance with each of the plurality of CSI-RS configu-
rations. As a result, a plurality of precoding vectors corre-
sponding to the plurality of CSI-RS configurations may be
determined, and the UE may select a preferred one of the
plurality of precoding vectors and report the selected precod-
ing vector to the base station. The base station may perform
vertical beamforming for the plurality of CSI-RS configura-
tions by considering the precoding vector reported by the UE.

[0271] Forexample, the precoding vector for multiple CSI-
RS configurations for one azimuth angle may include eight
elements as illustrated in Table 18 below. In Table 18, H
means a channel value of each of eight antenna ports, and h
means a channel value for a antenna port set (that is, one
antenna port sent includes four antenna ports) obtained by
synthesis of two of eight antenna ports. For example, hl1,
h12, h13 and hl4 represent channel values for the first
antenna port set that includes four antenna ports. Also, h21,
h22, h23 and h24 represent channel values for the second
antenna port set that includes another four antenna ports.
Channel properties as illustrated in the example of Table 18
may be generated when different vertical beams are applied to
the first and second antenna port sets. The UE may select a
preferred one of eight elements and report the selected ele-
ment to the base station.

TABLE 18
hll=(H1+H5)  hi2=(H2+H6) h13 = (H3 + H7)
hl4=(H4+H8)  h2l=(HL-HS) h22 = (H2 - H6)
h23=(H3-H7)  h24=(H4-H8)
[0272] Alternatively, multiple CSI-RS configurations may

be configured for one elevation angle. In this case, the base
station may notify the UE of a plurality of CSI-RS configu-
rations for horizontal beamforming after determining one
elevation angle (that is, beamforming of vertical domain is
applied in accordance with a previously determined require-
ment). The UE may determine CSI-RS reception, channel
estimation, CSI selection/calculation and CSI report in accor-
dance with each of the plurality of CSI-RS configurations. As
aresult, the base station may select a proper one of a plurality
of CSIs (or a plurality of precoding vectors) reported by the
UE for a plurality of CSI-RS configurations and perform
horizontal beamforming by using the selected CSI.

[0273] FIG. 17 is a flow chart illustrating CSI-RS related
operation for a 2-dimensional antenna structure according to
the present invention.

[0274] At step S1710, the base station may configure CSI-
RS configuration information for the 2-dimensional antenna
structure and provide the configured CSI-RS configuration
information to the base station. The CSI-RS configuration
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information may be configured by one or combination of at
least two of the details described in the various embodiments
of the present invention.

[0275] At step S1720, the base station may transmit the
CSI-RS for the 2-dimensional antenna structure to the user
equipment. The user equipment may receive the CSI-RS for
the 2-dimensional antenna structure on the basis of the CSI-
RS configuration information provided from the base station
at step S1710.

[0276] At step S1730, the user equipment may estimate the
channel by using the received CSI-RS and generate CSI for
the channel formed by the 2-dimensional antenna structure of
the base station. The operation of generating CSI for the
2-dimensional antenna structure of the base station may be
configured by one or combination of at least two of the details
described in the various embodiments of the present inven-
tion.

[0277] At step S1740, the user equipment may report the
generated CSI to the base station.

[0278] FIG. 18 is a diagram illustrating a base station and a
user equipment according the preferred embodiment of the
present invention.

[0279] Referring to FIG. 18, a base station 10 according to
the present invention may include a transmitter 11, a receiver
12, a processor 13, a memory 14, and a plurality of antennas
15. The transmitter 11 may transmit various signals, data and
information to an external device (for example, user equip-
ment). The receiver 10 may receive various signals, data and
information from the external device (for example, user
equipment). The processor 13 may control the overall opera-
tion of the base station 10. The plurality of antennas 15 may
be configured in accordance with the 2-dimensional antenna
structure.

[0280] The processor 13 of the base station 10 according to
the embodiment of the present invention may be configured to
configure CSI-RS configuration information, which will be
provided to the user equipment, in accordance with the
embodiments suggested in the present invention, transmit
CSI-RS onthe basis ofthe CSI-RS configuration information,
and receive CSI generated by the user equipment. In addition,
the processor 13 of the base station 10 performs a function of
operation-processing information received by the base sta-
tion 10 and information to be transmitted to the external
device. The memory 14 may store the operation-processed
information for a predetermined time, and may be replaced
with a buffer (not shown).

[0281] Referringto FIG. 18, a user equipment 20 according
to the present invention may include a transmitter 21, a
receiver 22, a processor 23, a memory 24, and a plurality of
antennas 25. The plurality of antennas 25 mean user equip-
ments that support MIMO transmission and reception. The
transmitter 21 may transmit various signals, data and infor-
mation to an external device (for example, base station). The
receiver 20 may receive various signals, data and information
from the external device (for example, base station). The
processor 23 may control the overall operation of the user
equipment 20.

[0282] The processor 23 of the user equipment 20 accord-
ing to the embodiment of the present invention may be con-
figured to receive CSI-RS on the basis of CSI-RS configura-
tion information provided from the base station in accordance
with the embodiments suggested in the present invention, and
generate and report CSI for the 2-dimensional antenna struc-
ture of the base station by using the received CSI-RS. In
addition, the processor 23 of the user equipment 20 performs
a function of operation-processing information received by
the user equipment 20 and information to be transmitted to the
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external device. The memory 24 may store the operation-
processed information for a predetermined time, and may be
replaced with a buffer (not shown).

[0283] The details of the aforementioned user equipment
20 may be configured in such a manner that the aforemen-
tioned various embodiments of the present invention may
independently be applied thereto, or two or more embodi-
ments may simultaneously be applied thereto. The repeated
description of the details of the user equipment 20 will be
omitted for clarification.

[0284] Also, in the description of the various embodiments
ofthe present invention, the base station has been described as
adownlink transmission entity or uplink reception entity, and
the user equipment has been described as a downlink recep-
tion entity or uplink transmission entity. However, the scope
of the present invention is not limited to the above example.
For example, the description of the base station may equally
be applied to a case where a cell, an antenna port, an antenna
port group, RRH, a transmission point, a reception point, an
access point or a relay becomes a downlink transmission
entity to the user equipment or an uplink reception entity from
the user equipment. Also, the principle of the present inven-
tion described through the various embodiments of the
present invention may equally be applied to even a case where
the relay becomes a downlink transmission entity to the user
equipment or an uplink reception entity from the user equip-
ment, or a case where the relay becomes an uplink transmis-
sion entity to the base station or a downlink reception entity
from the base station.

[0285] The aforementioned embodiments according to the
present invention may be implemented by various means, for
example, hardware, firmware, software, or their combination.
[0286] If the embodiments according to the present inven-
tion are implemented by hardware, the embodiments of the
present invention may be implemented by one or more appli-
cation specific integrated circuits (ASICs), digital signal pro-
cessors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, microcontrol-
lers, microprocessors, etc.

[0287] Ifthe embodiments according to the present inven-
tion are implemented by firmware or software, the embodi-
ments of the present invention may be implemented by a type
of a module, a procedure, or a function, which performs
functions or operations described as above. A software code
may be stored in a memory unit and then may be driven by a
processor. The memory unit may be located inside or outside
the processor to transmit and receive data to and from the
processor through various means which are well known.
[0288] It will be apparent to those skilled in the art that the
present invention may be embodied in other specific forms
without departing from the spirit and essential characteristics
of the invention. Thus, the above embodiments are to be
considered in all respects as illustrative and not restrictive.
The scope of the invention should be determined by reason-
able interpretation of the appended claims and all change
which comes within the equivalent scope of the invention are
included in the scope of the invention.

[0289] Those skilled in the art will appreciate that the
present invention may be carried out in other specific ways
than those set forth herein without departing from the spirit
and essential characteristics of the present invention. The
above embodiments are therefore to be construed in all
aspects as illustrative and not restrictive. The scope of the
invention should be determined by the appended claims and
their legal equivalents, not by the above description, and all
changes coming within the meaning and equivalency range of
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the appended claims are intended to be embraced therein. It is
also obvious to those skilled in the art that claims that are not
explicitly cited in each other in the appended claims may be
presented in combination as an embodiment of the present
invention or included as a new claim by a subsequent amend-
ment after the application is filed.

INDUSTRIAL APPLICABILITY

[0290] The aforementioned embodiments according to the
present invention may be applied to various wireless commu-
nication systems.
1. A method for reporting channel status information (CSI)
from a user equipment in a wireless communication system,
the method comprising:
receiving from a base station a first channel status infor-
mation-reference signal (CSI-RS) based on CSI-RS
configuration information for a first domain antenna
group of a two-dimensional antenna structure, the CSI-
RS configuration information for the first domain
antenna group being provided from the base station;

reporting to the base station first CSI for the first domain
antenna group, the first CSI being generated by using the
first CSI-RS;

receiving from the base station a second CSI-RS based on

CSI-RS configuration information for a second domain
antenna group of the two-dimensional antenna structure,
the CSI-RS configuration information for the second
domain antenna group being provided from the base
station; and

reporting to the base station second CSI for the second

domain antenna group, the second CSI is generated by
using the second CSI-RS,

wherein the CSI-RS configuration information for the sec-

ond domain antenna group is determined based on the
first CSI.

2. The method according to claim 1, wherein the first CSI
includes a precoding vector preferred for the first domain, and
beamforming in the first domain is determined by considering
the precoding vector preferred for the first domain.

3. The method according to claim 1, wherein the second
CSI-RS configuration information is determined by assum-
ing that beamforming in the first domain is applied based on
the first CSI.

4. The method according to claim 1, wherein the second
CSI includes a precoding vector preferred for the second
domain, beamforming in the second domain is determined by
considering the precoding vector preferred for the second
domain, and the precoding vector preferred for the second
domain is determined by assuming that beamforming in the
first domain is applied.

5. The method according to claim 1, wherein three-dimen-
sional beamforming for the two-dimensional antenna struc-
ture is determined by combination of beamforming in the first
domain and beamforming in the second domain, the beam-
forming in the first domain and the beamforming in the sec-
ond domain being determined considering the first CSI and
the second CSI, respectively.

6. The method according to claim 1, wherein the CSI-RS
configuration information for the first domain antenna group
is provided statically, and the CSI-RS configuration informa-
tion for the second domain antenna group is provided
dynamically.

7. The method according to claim 1, wherein a transmis-
sion period of the first CSI-RS is greater than a transmission
period of the second CSI-RS.

8. The method according to claim 1, wherein the CSI-RS
configuration information for the first domain antenna group

May 7, 2015

includes a first antenna port count parameter, a first resource
configuration parameter, a first subframe configuration
parameter, and a first transmission power rate parameter.

9. The method according to claim 1, wherein the CSI-RS
configuration information for the second domain antenna
group includes a second antenna port count parameter, a
second resource configuration parameter, a second subframe
configuration parameter, and a second transmission power
rate parameter.

10. The method according to claim 1, wherein the two-
dimensional antenna structure is configured by a number of
antennas of the second domain antenna groupxa number of
antennas of the first domain antenna group.

11. The method according to claim 1, wherein the first
domain is a horizontal domain, and the second domain is a
vertical domain.

12. The method according to claim 1, wherein the first
domain is a vertical domain, and the second domain is a
horizontal domain.

13. A user equipment for reporting channel status informa-
tion (CSI) in a wireless communication system, the user
equipment comprising:

a receiver;

a transmitter; and

a processor,

wherein the processor is configured to receive from a base

station a first channel status information-reference sig-
nal (CSI-RS) by using the receiver on the basis of CSI-
RS configuration information for a first domain antenna
group of a two-dimensional antenna structure, the CSI-
RS configuration information for the first domain
antenna group being provided from the base station,
report to the base station first CSI for the first domain
antenna group, the first CSI being generated by using the
first CSI-RS, by using the transmitter, receive from the
base station a second CSI-RS by using the receiver based
on CSI-RS configuration information for a second
domain antenna group of the two-dimensional antenna
structure, the CSI-RS configuration information for the
second domain antenna group being provided from the
base station, and report to the base station second CSI for
the second domain antenna group, the second CSI being
generated by using the second CSI-RS, by using the
transmitter, and

the CSI-RS configuration information for the second

domain antenna group is determined based on the first
CSL

14. A method for receiving channel status information
(CSI) in a base station of a wireless communication system,
the method comprising:

providing a user equipment with CSI-RS configuration

information for a first domain antenna group of a two-
dimensional antenna structure of the base station and
transmitting a first channel status information-reference
signal (CSI-RS) to the user equipment based on CSI-RS
configuration information for the first domain antenna
group;

receiving from the user equipment first CSI for the first

domain antenna group, the first CSI being generated in
the user equipment by using the first CSI-RS;
providing the user equipment with CSI-RS configuration
information for a second domain antenna group of the
two-dimensional antenna structure and transmitting a
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second CSI-RS to the user equipment based on the CSI-
RS configuration information for the second domain
antenna group; and

receiving from the user equipment the second CSI-RS for

the second domain antenna group, the second CSI being
generated in the user equipment by using the second
CSI-RS, wherein the CSI-RS configuration information
for the second domain antenna group is determined
based on the first CSI.

15. A base station for receiving channel status information
(CSI) in a wireless communication system, the base station
comprising:

areceiver;

a transmitter; and

a processor,
wherein the processor is configured to provide a user equip-
ment with CSI-RS configuration information for a first
domain antenna group of a two-dimensional antenna struc-

May 7, 2015

ture of the base station and transmit a first channel status
information-reference signal (CSI-RS) to the user equipment
based on CSI-RS configuration information for the first
domain antenna group, receive from the user equipment first
CSI for the first domain antenna group, the first CSI being
generated in the user equipment by using the first CSI-RS,
provide the user equipment with CSI-RS configuration infor-
mation for a second domain antenna group of the two-dimen-
sional antenna structure and transmit a second CSI-RS to the
user equipment based on the CSI-RS configuration informa-
tion for the second domain antenna group, and receive from
the user equipment the second CSI-RS for the second domain
antenna group, the second CSI being generated in the user
equipment by using the second CSI-RS, wherein the CSI-RS
configuration information for the second domain antenna
group is determined based on the first CSI.
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AMENDMENTS TO THE CLAIMS

This listing of claims replaces all prior versions and listings of claims in the application:

1. (Currently Amended) A method in a User Equipment (UE) for wireless
communication, comprising:
receiving a first radio signal;

receiving a second radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;

the second radio signal is transmitted within the first time unit, and the second radio signal is used

for determining a time-domain resource occupied by the G multicarrier symbols: as for any one

given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; if the time-

domain resource occupied by the given multicarrier symbol is behind the first time point, the

second radio signal is used for determining the multi-antenna related receiving for the given

multicarrier symbol; and if the time-domain resource occupied by the given multicarrier symbol

is before the first time point, the multi-antenna related receiving for the given multicarrier symbol

is related to the multi-antenna related receiving for the second radio signal; the first time point is

one time point within the first time unit; and G is a positive integer.

2. (Canceled)

3. (Canceled)

4. (Currently Amended) The method according to claim[[s]] 1, comprising:
receiving first information, wherein the first information is used for determining the first

time point;

or,
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receiving third information, wherein the third information is used for determining a
candidate scheme for the multi-antenna related receiving corresponding to the G multicarrier

symbols.

5. (Currently Amended) The method according to claim[[s]] 1 comprising:
transmitting second information;

wherein the second information is used for determining the first time point.

6. (Currently Amended) A method in a base station device for wireless
communication, comprising:
transmitting a first radio signal;

transmitting a second radio signal:

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;

the second radio signal is transmitted within the first time unit, and the second radio signal is used

for determining a time-domain resource occupied by the G multicarrier symbols; as for any one

given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied

by the given multicarrier symbol with respect to a first time point in time domain; if the time-

domain resource occupied by the given multicarrier symbol is behind the first time point, the
second radio signal is used to determine the multi-antenna related receiving for the given
multicarrier symbol; and if the time-domain resource occupied by the given multicarrier symbol

is before the first time point, the multi-antenna related receiving for the given multicarrier symbol

is related to the multi-antenna related receiving for the second radio signal; the first time point is

one time point within the first time unit; and G is a positive integer.
7. (Canceled)

8. (Canceled)
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9. (Currently Amended) The method according to claim[[s]] 6, comprising:

transmitting first information, wherein the first information is used for determining the first
time point;

or,

transmitting third information, wherein the third information is used for determining a
candidate scheme for the multi-antenna related receiving corresponding to the G multicarrier

symbols.

10. (Currently Amended) The method according to claim[[s]] 6, comprising:
receiving second information;

wherein the second information is used for determining the first time point.

11. (Currently Amended) A UE for wireless communication, comprising:

a first transceiver module, to receive a first radio signal and a second radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;

the second radio signal is transmitted within the first time unit, and the second radio signal is used

for determining a time-domain resource occupied by the G multicarrier symbols; as for any one

given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; if the time-

domain resource occupied by the given multicarrier symbol is behind the first time point, the

second radio signal is used to determine the multi-antenna related receiving for the given

multicarrier symbol; and if the time-domain resource occupied by the given multicarrier symbol

is before the first time point, the multi-antenna related receiving for the given multicarrier symbol

is related to the multi-antenna related receiving for the second radio signal; the first time point is

one time point within the first time unit; and G is a positive integer.
12. (Canceled)

13. (Canceled)
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14. (Original) The UE according to claim 11, wherein the first transceiver module receives
first information, the first information being used for determining the first time point; or, the first
transceiver module transmits second information, the second information being used for
determining the first time point; or, the first transceiver module receives third information, the
third information being used for determining a candidate scheme for the multi-antenna related

receiving corresponding to the G multicarrier symbols.

15. (Currently Amended) A Dbase station device for wireless communication,
comprising:
a second transceiver module, to transmit a first radio signal_and a second radio signal;
wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;

the second radio signal is transmitted within the first time unit, and the second radio signal is used

for determining a time-domain resource occupied by the G multicarrier symbols: as for any one

given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; if the time-

domain resource occupied by the given multicarrier symbol is behind the first time point, the

second radio signal is used to determine the multi-antenna related receiving for the given

multicarrier symbol; and if the time-domain resource occupied by the given multicarrier symbol

is before the first time point, the multi-antenna related receiving for the given multicarrier symbol

is related to the multi-antenna related receiving for the second radio signal; the first time point is

one time point within the first time unit; and G is a positive integer.

16. (Canceled)

17. (Canceled)

18. (Original) The base station device according to claim 15, wherein the second

transceiver module transmits first information, the first information being used for determining the

first time point; or, the second transceiver module receives second information, the second
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information being used for determining the first time point; or, the second transceiver module
transmits third information, the third information being used for determining a candidate scheme

for the multi-antenna related receiving corresponding to the G multicarrier symbols.
19. (New) The method according to claim 4 comprising:
transmitting second information, wherein the second information is used for determining
the first time point.
20. (New) The method according to claim 9 comprising:

receiving second information, wherein the second information is used for determining the

first time point.
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REMARKS

This paper in response to the Office Action cancels claims 2, 3, 7, 8, 12, 13, 16, and 17;
amends claims 1, 4-6, 9-11, and 15; and adds new claims 19 and 20. Claims 1, 4-6, 9-11, 14, 15,
and 18-20 are now pending in view of the amendments presented herein. Applicants respectfully
request reconsideration of the application in view of the above amendments to the claims and the

following remarks.

In connection with the prosecution of this case and any related cases, Applicants have,
and/or may, discuss various aspects of the disclosure of the cited references as those references are
then understood by Applicants. Because such discussion could reflect an incomplete or incorrect
understanding of one or more of the references, the position of Applicants with respect to a
reference is not necessarily fixed or irrevocable. Applicants thus hereby reserve the right, both
during and after prosecution of this case, to modify the views expressed with regard to any

reference.

Please note that Applicants do not intend the following remarks to be an exhaustive
enumeration of the distinctions between any cited references and the claims. Rather, Applicants
present the distinctions below solely by way of example to illustrate some of the differences
between the claims and the cited references. Finally, Applicants request that Examiner carefully
review any references discussed below to ensure that Applicants’ understanding and discussion of

any reference is consistent with Examiner’s understanding.

Unless otherwise explicitly stated, the term “Applicants™ is used herein generically and
may refer to a single inventor, a set of inventors, an appropriate assignee, or any other entity or

person with authority to prosecute this application.

Rejections Under 35 U.S.C. § 102

The Office Action rejects claims 1-18 under 35 U.S.C. § 102 over Guo et al. (U.S.
Publication No. 2018/0083680).

Applicants do not necessarily agree with Examiner’s statements regarding at least (1)

whether Guo discloses each and every element recited in the claims, (2) whether Guo teaches the
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combination presented in the claims, and (3) whether Guo discloses or inherently includes the
features that the Office Action asserts that Guo includes. Nevertheless, in the interest of expediting
prosecution, Applicants have herein amended independent claims 1, 6, 11, and 15 to recite, for
example, “receiving a second radio signal”, wherein “the second radio signal is transmitted within
the first time unit, and the second radio signal is used for determining a time-domain resource
occupied by the G multicarrier symbols”, and “if the time-domain resource occupied by the given
multicarrier symbol is behind the first time point, the second radio signal is used for determining
the multi-antenna related receiving for the given multicarrier symbol; and if the time-domain
resource occupied by the given multicarrier symbol is before the first time point, the multi-antenna
related receiving for the given multicarrier symbol is related to the multi-antenna related receiving
for the second radio signal”. Support for these amendments can be found at least in paragraphs

[0242]-[0243] of the specification and Figure 5 of the drawings.

The Office Action contends that paragraphs [0272]-[0273] of Guo disclose “a time-domain
resource” that may indicate “the second radio signal is used for determining the multi-antenna
related receiving for the given multicarrier symbol” or “the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio
signal” depending whether “the time-domain resource occupied by the given multicarrier symbol”
is “behind” or “before the first time point”, elements which originally appeared in dependent claim
3 but now are required as part of amended claim 1. (Office Action, p. 4). However, as amended,
independent claim 1 requires both elements to be present, as denoted by the presence of and, not

or.

Guo appears to disclose a configuration of Rx beams across N number of symbols. (See,
e.g., Guo para. [0272], and Office Action, p. 4). Additionally, the Rx beams cycle across symbols
in subsequent slots/subframes, until another set of Rx beam indications is received. /d. Amended
claim 1 requires that a determination is made as to when a time-domain resource occupied by the
given multicarrier symbol occurs relative to the first time point. Claim 1 also recites that a
determination is made for the use of the second radio signal, depending on whether the “time-
domain resource occupied by the given multicarrier symbol” was “behind” or “before” the first
time point. Specifically, Guo appears to not disclose both aforementioned determinations for the

second radio signal as required by amended claim 1.
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Independent claims 6, 11, and 15 have substantially the same amendments, directed to a
base station, a UE for wireless communication, and a base station for wireless communication,
respectively, and Applicants submit independent claims 6, 11, and 15 appear to be allowable for

the same reasons cited above in relation to independent claim 1.

The amendments presented herein, taken as a whole, render the rejections moot. Applicants
note that portions of the claims, other than those specifically amended and/or mentioned above,
may contribute to patentability. In light of the references as now understood by Applicants and the
amendments made herein, claims 1, 6, 11, and 15 appear to be allowable. Applicants therefore
respectfully request that Examiner withdraw the rejections under 35 U.S.C. § 102 of claims 1, 6,
11, and 15 and of claims 4, 5, 9, 10, 14, and 18-20 which depend therefrom.

New Claims
Support for new claims 19 and 20 can be found at least in paragraphs [0085], [0087]-
[0088], [0121]-[0122], [0142], etc. of the specification and Figure 8 of the drawings.

Inasmuch as new claims 19 and 20 depend from amended dependent claims 4 and 9, which
depend from amended independent claims 1 and 6, that appear to be allowable, Applicants

respectfully request that new claims 19 and 20 also be allowed.

Charge Authorization

The Commissioner is hereby authorized to charge payment of any of the following fees
that may be applicable to this communication, or credit any overpayment, to Deposit Account No.
50-5394: (1) any filing fees required under 37 C.F.R. § 1.16; (2) any patent application and
reexamination processing fees under 37 C.F.R. § 1.17; and/or (3) any post issuance fees under 37
C.F.R. § 1.20. In addition, if any additional extension of time is required, which has not otherwise
been requested, please consider this a petition therefor and charge any additional fees that may be

required to Deposit Account No. 50-5394.
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CONCLUSION

In view of the foregoing, Applicants submit that the pending claims are allowable. In the
event that Examiner finds remaining impediment to a prompt allowance of this application that
may be clarified through a telephone interview or overcome by an Examiner’s Amendment,

Examiner is requested to contact the undersigned attorney.

Dated this 24th day of June, 2020.

Respectfully submitted,
/B. Lance Jensen/

B. Lance Jensen
Registration No. 68,022
Attorney for Applicant

Customer No. 97149
Telephone No. (435) 252-1360
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.
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to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
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or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 15/972,167 ZHANG, Xiaobo
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
MANDISH RANDHAWA 2477 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4 This communication is responsive to communication(s) filed on June 24, 2020.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1,4-6,9-11,14-15 and 18-20, renumbered as 1-12 . As a result of the allowed claim(s), you may be
eligible to benefit from the Patent Prosecution Highway program at a participating intellectual property office for the corresponding

application. For more information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4.} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAll b) JSome  *c) (J None of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.(J Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 6/2/20.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. Interview Summary (PTO-413),
Paper No./Mail Date. 9/23/20.

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Patent and Trademark Office -
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200915
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Application/Control Number: 15/972,167 Page 2
Art Unit: 2477

DETAILED ACTION
Notice of Pre-AlIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
EXAMINER'S AMENDMENT

2. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in an interview with B.
Lance Jensen on September 23, 2020.
3. The application has been amended as follows:

1. (Currently Amended) A method in a User Equipment (UE) for wireless
communication, comprising:

receiving a first radio signal;

receiving a second radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is
used for generating the first radio signal, and the firstradio signal comprises G multicarrier
symbols; the second radio signal is transmitted within the first time unit, and the second
radio signal is used for determining atime-domain resource occupied by the G multicarrier
symbols; as for any one given multicarrier symbol of the G multicarrier symbols, the muilti-
antenna related receiving for the given multicarrier symbol is related to the relative

position of a time-domain resource occupied by the given multicarrier symbol with respect
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to a first time point in time domain; [[if]] when the time-domain resource occupied by the
given multicarrier symbol is behind the first time point, the second radio signal is used for
determining the multi-antenna related receiving for the given multicarrier symbol; and [[if]]
when the time-domain resource occupied by the given multicarrier symbol is before the
first time point, the multi-antenna related receiving for the given multicarrier symbol is
related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.

6. (Currently Amended) A method in a base station device for wireless
communication, comprising:

transmitting a first radio signal;

transmitting a second radio signal,

wherein the first radio signal is transmitted within a first time unit, a first bit block is
used for generating the first radio signal, and the first radio signal comprises G multicarrier
symbols; the second radio signal is transmitted within the first time unit, and the second
radio signal is used for determining atime-domain resource occupied by the G multicarrier
symbols; as for any one given multicarrier symbol of the G multicarrier symbols, the multi-
antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect
to a first time point in time domain; [[if]] when the time-domain resource occupied by the
given multicarrier symbol is behind the first time point, the second radio signal is used to
determine the multi-antenna related receiving for the given multicarrier symbol; and [[if]]

when the time-domain resource occupied by the given multicarrier symbol is before the

Samsung Exhibit 1003, Page 213 of 290



Application/Control Number: 15/972,167 Page 4
Art Unit: 2477

first time point, the multi-antenna related receiving for the given multicarrier symbol is
related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.

11.  (Currently Amended) A UE for wireless communication, comprising:

a first transceiver module, to receive a first radio signal and a second radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is
used for generating the first radio signal, and the first radio signal comprises G multicarrier
symbols; the second radio signal is transmitted within the first time unit, and the second
radio signal is used for determining a time-domain resource occupied by the G multicarrier
symbols; as for any one given multicarrier symbol of the G multicarrier symbols, the multi-
antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect
to a first time point in time domain; [[if]] when the time-domain resource occupied by the
given multicarrier symbol is behind the first time point, the second radio signal is used to
determine the multi-antenna related receiving for the given multicarrier symbol; and [[if]]
when the time-domain resource occupied by the given multicarrier symbol is before the
first time point, the multi-antenna related receiving for the given multicarrier symbol is
related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.

15. (Currently Amended) A Dbase station device for wireless

communication, comprising:
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a second transceiver module, to transmit a first radio signal and a second radio
signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is
used for generating the first radio signal, and the first radio signal com prises G multicarrier
symbols; the second radio signal is transmitted within the first time unit, and the second
radio signal is used for determining a time-domain resource occupied by the G multicarrier
symbols; as for any one given multicarrier symbol of the G multicarrier symbols, the multi-
antenna related receiving for the given multicarrier symbol is related to the relative
position of a time-domain resource occupied by the given multicarrier symbol with respect
to a first time point in time domain; [[if]] when the time-domain resource occupied by the
given multicarrier symbol is behind the first time point, the second radio signal is used to
determine the multi-antenna related receiving for the given multicarrier symbol; and [[if]]
when the time-domain resource occupied by the given multicarrier symbol is before the
first time point, the multi-antenna related receiving for the given multicarrier symbol is
related to the multi-antenna related receiving for the second radio signal; the first time
point is one time point within the first time unit; and G is a positive integer.

Allowable Subject Matter
4. Claims 1, 4-6, 9-11, 14, 15, 18-20, renumbered as 1-12, are allowed.
Conclusion

5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MANDISH RANDHAWA whose telephone number is

(5671)270-5650. The examiner can normally be reached on Monday-Thursday (7 AM-4

PM).
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Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Ayaz Sheikh can be reached on (571) 272-3795. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477
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Application No. Applicant(s)

Examiner-Initiated Interview Summary 15972167 ZHANG, Xiaobo
Examiner Art Unit AlA (FITF) Status
MANDISH RANDHAWA 2477 Yes

All participants (applicant, applicant’s representative, PTO personnel):

(1) Mandish Randhawa. (3) .

(2) B. Lance Jensen. (4) .

Date of Interview: 23 September 2020.

Type: Telephonic [ Video Conference
O Personal [copy given to: (] applicant (J applicant's representative]

Exhibit shown or demonstration conducted: (JYes [ No.
If Yes, brief description:

Issues Discussed (3101 0O112 [0O102 103 Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1,6,11 and 15.
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's representative authorized examiner's amendment to place the application in condition for allowance.
For more details, see the examiner's amendment..

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20200915
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/972,167 ZHANG, Xiaobo
H “ “HH Examiner Art Unit
MANDISH RANDHAWA 2477
CPC
Symbol Type Version
HO4W 0446 F 2013-01:01
HO4AW 02 | 2013-01-01:
HO4W 042 | 2013-01-01
HO4L 0023 | 2013-01-01
HO4L 2602 | 2013-01:01:
HO4B 0617 [ 2013-01:01
HOAL 001 A 2013-01:01
HO04B 0695 A 2013-01-01
HO04B 088 A 20143-01:01:
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 12

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

(Primary Examiner)

15 September 2020

(Date)

O.G. Print Claim(s)| O.G. Print Figure

1

7

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20200915
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |57, 167 ZHANG, Xiaobo

MANDISH RANDHAWA 2477

INTERNATIONAL CLASSIFICATION
CLAIMED

HO4W

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 12

/MANDISH K RANDHAWA/ 15 September 2020 . . -
Examiner, Art Unit 2477 O.G. Print Claim(s)| O.G. Print Figure
(Primary Examiner) (Date) 1 7
U.S. Patent and Trademark Office Part of Paper No.: 20200915

Page 2 of 3
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/972,167 ZHANG, Xiaobo
Examiner Art Unit
MANDISH RANDHAWA 2477

(J Claims renumbered in the same order as presented by applicant [J CPA (3 T.D. [J R.1.47

CLAIMS

Final Original|Final OriginallFinaI Original|Final [Original|Final OriginallFinaI Original|Final [Original|Final |Original
1 1 8 10 3 19
- 2 9 11 7 20
- 3 - 12
2 4 - 13
4 5 10 14
5 6 11 15
- 7 - 16
- 8 - 17
6 9 12 18

NONE

(Assistant Examiner)

Total Claims Allowed:

(Date) 12

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

(Primary Examiner)

15 September 2020 O.G. Print Claim(s)] O.G. Print Figure

(Date) 1 7

U.S. Patent and Trademark Office

Part of Paper No.: 20200915

Page 3 of 3
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 15/972,167 ZHANG, Xiaobo
T e
MANDISH RANDHAWA 2477
CPC - Searched*
Symbol Date Examiner
H04W24/02, HO4W72/042, H04L5/0023, H04L27/2602, HO4W72/ 09/15/2020 MR
0446, H04B7/0617,H04B7/0695,H04L5/001,H04B7/088
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Performed Inventor/Double Patenting search 03/09/2020 MR
Performed NPL and East text search 03/09/2020 MR
Performed Inventor/Double Patenting search 09/15/2020 MR
Performed NPL and Patent search on IP.com 09/15/2020 MR
Performed East cpc/text search 09/15/2020 MR
Performed interference search 09/15/2020 MR

U.S. Patent and Trademark Office
Page 1 of 2

Part of Paper No.: 20200915
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US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
HO4W 24/02, 72/042, 72/0446 09/15/2020 MR
HO4L L5/0023, 27/2602, 5/001 09/15/2020 MR
HO04B 7/0617, 7/0695,7/088 09/15/2020 MR

U.S. Patent and Trademark Office
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Part of Paper No.: 20200915
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Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 15972167
Filing Date P018-05-06

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

First Named Inventor ‘ Kiaobo, ZHANG
Art Unit | 2477
Examiner Name ‘ RANDHAWA, MANDISH K

Attorney Docket Number | $3876.10011US01
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 15972167

Filing Date 2018-05-06

First Named Inventor ’ Xiaobo, ZHANG

Art Unit | 2477

Examiner Name ‘ RANDHAWA, MANDISH K

Attorney Docket Number | $3876.10011US01

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

E’.“?m",]er Cite (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . - .
publisher, city and/or country where published.
1 [CN Search Report in application No.201710318202 4 dated 13 February 2020 hd
2 [CN Office Action in Application No_201710318202 4 dated 26 February 2020 E|
3 [CN Notice of Granting Patent Right in Application No.2(1 710318202 .4 dated 28 April 2020 g

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature ||/MANDISH K RANDHAWA/

Date Considered ‘ 09/15/2020

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if hot in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if

English language translation is attached.
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EAST Search History (Prior Art)

Ref Hits Search Query | DBs Defa | Plurals Time Stamp
# ult
Oper
ator
L2 3 "20180083680" | US-PGPUB; | NEAR | ON 2020/09/15 14:28
USPAT;
EPO;
DERWENT
L3 97 | (multi$1lcarrier or multi$1l adj carrier) near3 | US-PGPUB; | NEAR | ON 2020/09/15 14:46
symbol same (beam$2 or beam$forms$4 or | USPAT,;
beam adj form$4) | EPO;
DERWENT
L4 132 | (mult$lcarrier or multi$l adj carrier or ofdm | US-PGPUB; | NEAR | ON 2020/09/15 15:01
or filter bank multiple carrier or fbomc) near2 | USPAT;
symbol same (first or wid$3) near3 beam$5 | EPO;
same (second or narrow$3) beam | DERWENT
L5 16 (symbol) with (chang$4 beam$4) same | US-PGPUB; | NEAR | ON 2020/09/15 15:02
($3dsch or data channel) same ($3dcch or | USPAT;
control channel) | EPO;
DERWENT
L6 48 (symbol) with ((chang$4 or different or | US-PGPUB; | NEAR | ON 2020/09/15 15:04
mode or wide$4 or narrow$4) near2 | USPAT;
beam$8) same ($3dsch or data channel) | EPO;
same ($3dcch or control channel) | DERWENT
L7 1,103 (time or symbol index) with (data channel | US-PGPUB; | NEAR | ON 2020/09/15 15:47
or $3dsch) same beam | USPAT;
EPO;
DERWENT
L8 114 (time or symbol index) with (data channel | US-PGPUB; | NEAR | ON 2020/09/15 15:49
or $3dsch) same (chang$4 or different or | USPAT;
wide$4 or narrow$4) near beam | EPO;
DERWENT
L9 39 | (time or symbol or slot) with (data channel | US-PGPUB; | NEAR | ON 2020/09/15 15:57
or $3dsch) with (control or $3dcch) with | USPAT;
(chang$4 or different or wide$4 or | EPO;
narrow$4) near beam | DERWENT
L10 58 | (time or symbol or slot) with (data channel | US-PGPUB; | NEAR | ON 2020/09/15 16:02
or $3dsch) with (control or $3dcch) with | USPAT;
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or direction or "same") near beam | DERWENT
L11 44 10 not 6 | US-PGPUB; | NEAR | ON 2020/09/15 17:03
USPAT;
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L12 60 (cross$2 symbol) same beam | US-PGPUB; | NEAR | ON 2020/09/15 17:08
USPAT;
EPO;
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L13 3
L14 375
L15 72
L16 75
L17 3
L18 353
L19 12,088
L20 4,359
L21 4
L22 5,766
L23 4
L24 0

(cross$2 symbol) same ($3dcch or dci)
same (data near2 channel or $3dsch) same
beam

($3dcch or dci or control near2 (channel or
symbol)) with (data near2 (channel or
symbol) or $3dsch) same "same" near3
beam

($3dcch or dci or control near2 (channel or
symbol)) with (data near2 (channel or
symbol) or $3dsch) same "same" near3
beam same symbol

($3dcch or dci or control near2 (channel or
symbol)) with (data near2 (channel or
symbol) or $3dsch) same (current or
"same") near3 beam same symbol

16 not 15

(Shanghai Langbo Communication
Technology Company Limited or shangai
lanbo comm$8).as. or (ZHANG near2
Xiaobo).in.

($3dcch or dci or control near2 (channel or
symbol) or second signal) with (data near2
(channel or symbol) or $3dsch or first
signal) same ( beam or (multi$1antenna or
antenna) near2 relat$4 receiv$4)

(($3dcch or dci or control near2 (channel or
symbol) or second signal) with (data near2
(channel or symbol) or $3dsch or first
signal) same ( beam or (multi$1antenna or
antenna) near2 relat$4 receiv$4)).cim.

18 and 20

(($3dcch or dci or control near2 (channel or
symbol) or second signal) same (data near2
(channel or symbol) or $3dsch or first
signal) same ( beam or (multi$1antenna or
antenna) near2 relat$4 receiv$4)).cim.

22 and 18

23 not 21

US-PGPUB;
USPAT;
EPO;
DERWENT

US-PGPUB;
USPAT;
EPO;
DERWENT

US-PGPUB;
USPAT;
EPO;
DERWENT
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of
Xiaobo ZHANG

Application No.: 15/972,167 Art Unit

2477

Filed: May 6, 2018

Conf. No.: 3699

For: METHOD AND DEVICE BSB-USED FOR WIRELESS
COMMUNICATION IN UE AND BASE STATION

Examiner: Mandish K Randhawa

Customer No.: 97149

Attorney Docket No.:  S3876.10011US01

AMENDMENT UNDER 37 C.F.R. §1.312

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

In response to the Notice of Allowance mailed September 29, 2020, please amend the

above-identified application as follows:

Amendments to the Specification begin on page 2 of this paper. Remarks begin on page

3 of this paper.

Page 1 of 3
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Attorney Docket Number S3876.10011US01

AMENDMENTS TO THE SPECIFICATION

Please amend the title as follows:

METHOD AND DEVICE BSB-USED FOR WIRELESS COMMUNICATION IN UE
AND BASE STATION

Page 2 of 3
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Application No. 15/972,167 Amendment 37 CF.R. §1.312
Attorney Docket Number S3876.10011US01

REMARKS

The amendments to the specification of this allowed application embody the correction of
formal matters without changing the scope of the claims. Thus, the Applicant respectfully requests
entry of the changes to the specification before the issuance and publication of the patent. In the
event that Examiner finds remaining impediment to the entry of this amendment, the Examiner is

requested to contact the undersigned attorney.

Dated this 9th day of October, 2020.

Respectfully submitted,

/R. Burns Israelsen, Reg. No. 42685/
R. Burns Israelsen

Registration No. 42685

Attorney for Applicant

Customer No. 97149
Telephone No. (435) 252-1360
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of

Xiaobo Zhang

Application No.: 15/972,167 Art Unit

2477

Filed: May 6, 2018

Conf. No.: 3699

For: METHOD AND DEVICE USD FOR WIRELESS
COMMUNICATION IN UE AND BASE STATION

Examiner: Mandish K. Randhawa

Customer No.: 97149

Attorney Docket No.:  S3876.10011US01

AMENDMENT UNDER 37 C.F.R. §1.312

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

In response to the Notice of Allowance mailed September 29, 2020, please amend the

above-identified application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper.

Remarks begin on page 7 of this paper.
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Application No. 15/972,167 Amendment 37 C.F.R. §1.312
Attorney Docket Number $S3876.10011US01

AMENDMENTS TO THE CLAIMS

This listing of claims replaces all prior versions and listings of claims in the application:

1. (Currently Amended) A method in a User Equipment (UE) for wireless
communication, comprising:

receiving a first second radio signal;

receiving a secend first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is
used for determining a time-domain resource occupied by the G multicarrier symbols; as for any
one given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving
for the given multicarrier symbol is related to the relative position of a time-domain resource
occupied by the given multicarrier symbol with respect to a first time point in time domain; when
the time-domain resource occupied by the given multicarrier symbol is behind the first time
point, the second radio signal is used for determining the multi-antenna related receiving for the
given multicarrier symbol; and when the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio

signal; the first time point is one time point within the first time unit; and G is a positive integer.
2. (Canceled)
3. (Canceled)
4. (Previously Presented) The method according to claim 1, comprising:
receiving first information, wherein the first information is used for determining the first

time point;

or,
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receiving third information, wherein the third information is used for determining a
candidate scheme for the multi-antenna related receiving corresponding to the G multicarrier

symbols.

5. (Previously Presented) The method according to claim 1 comprising:
transmitting second information;

wherein the second information is used for determining the first time point.

6. (Currently Amended) A method in a base station device for wireless
communication, comprising:

transmitting a fist second radio signal;

transmitting a seeend first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is
used for determining a time-domain resource occupied by the G multicarrier symbols; as for any
one given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving
for the given multicarrier symbol is related to the relative position of a time-domain resource
occupied by the given multicarrier symbol with respect to a first time point in time domain; when
the time-domain resource occupied by the given multicarrier symbol is behind the first time
point, the second radio signal is used to determine the multi-antenna related receiving for the
given multicarrier symbol; and when the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio

signal; the first time point is one time point within the first time unit; and G is a positive integer.
7. (Canceled)

8. (Canceled)
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9. (Previously Presented) The method according to claim 6, comprising:

transmitting first information, wherein the first information is used for determining the
first time point;

or,

transmitting third information, wherein the third information is used for determining a
candidate scheme for the multi-antenna related receiving corresponding to the G multicarrier

symbols.

10. (Previously Presented) The method according to claim 6, comprising:
receiving second information;

wherein the second information is used for determining the first time point.

11. (Currently Amended) A UE for wireless communication, comprising:

a first transceiver module, to receive a first second radio signal and a seeend first radio
signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is
used for determining a time-domain resource occupied by the G multicarrier symbols; as for any
one given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving
for the given multicarrier symbol is related to the relative position of a time-domain resource
occupied by the given multicarrier symbol with respect to a first time point in time domain; when
the time-domain resource occupied by the given multicarrier symbol is behind the first time
point, the second radio signal is used to determine the multi-antenna related receiving for the
given multicarrier symbol; and when the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio

signal; the first time point is one time point within the first time unit; and G is a positive integer.

12. (Canceled)
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13. (Canceled)

14. (Original) The UE according to claim 11, wherein the first transceiver module
receives first information, the first information being used for determining the first time point; or,
the first transceiver module transmits second information, the second information being used for
determining the first time point; or, the first transceiver module receives third information, the
third information being used for determining a candidate scheme for the multi-antenna related

receiving corresponding to the G multicarrier symbols.

15. (Currently Amended) A Dbase station device for wireless communication,
comprising:

a second transceiver module, to transmit a first second radio signal and a seeend first
radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is
used for determining a time-domain resource occupied by the G multicarrier symbols; as for any
one given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving
for the given multicarrier symbol is related to the relative position of a time-domain resource
occupied by the given multicarrier symbol with respect to a first time point in time domain; when
the time-domain resource occupied by the given multicarrier symbol is behind the first time
point, the second radio signal is used to determine the multi-antenna related receiving for the
given multicarrier symbol; and when the time-domain resource occupied by the given
multicarrier symbol is before the first time point, the multi-antenna related receiving for the
given multicarrier symbol is related to the multi-antenna related receiving for the second radio

signal; the first time point is one time point within the first time unit; and G is a positive integer.
16. (Canceled)

17. (Canceled)
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18. (Original)  The base station device according to claim 15, wherein the second
transceiver module transmits first information, the first information being used for determining
the first time point; or, the second transceiver module receives second information, the second
information being used for determining the first time point; or, the second transceiver module
transmits third information, the third information being used for determining a candidate scheme

for the multi-antenna related receiving corresponding to the G multicarrier symbols.

19. (Previously Presented) The method according to claim 4 comprising:
transmitting second information, wherein the second information is used for determining

the first time point.
20. (Previously Presented) The method according to claim 9 comprising:

receiving second information, wherein the second information is used for determining the

first time point.
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REMARKS

The amendments to the claims of this allowed application embody the correction of
formal matters without changing the scope of the claims. Thus, the Applicant respectfully
requests entry of the changes to the claims before the issuance and publication of the patent. In
the event that Examiner finds remaining impediment to the entry of this amendment, the

Examiner is requested to contact the undersigned attorney.
Dated this 23rd day of October, 2020.
Respectfully submitted,
/B. Lance Jensen/ Reg. # 68022

B. Lance Jensen

Registration No. 68022
Attorney for Applicant
Customer No. 97149
Telephone No. (435) 252-1360
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/972,167 05/06/2018 Xiaobo ZHANG S$3876.10011US01 3699
97149 7590 10/29/2020 | XAMINER |
Maschoff Brennan
1389 Center Drive, Suite 300 RANDHAWA, MANDISH K
Park City, UT 84098
| ART UNIT | PAPER NUMBER |
2477
| NOTIFICATION DATE | DELIVERY MODE |
10/29/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

d@mabr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

156/972,167 ZHANG, Xiaobo
Applicant-Initiated Interview Summary Examiner ArtUnit | AlIA (FITF) Status
MANDISH RANDHAWA | 2477 Yes

All participants (applicant, applicants representative, PTO personnel):

(1) Mandish Randhawa. (3)

(2) Lance Jensen. 4) .

Date of Interview: 22 October 2020.

Type: Telephonic  [J Video Conference
0 Personal [copy given to: [ applicant [ applicant's representative]

Exhibit shown or demonstration conducted: [ Yes [ No.
If Yes, brief description:

Issues Discussed (3101 112 O102 00103 ™Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 1,6,11 and 15.
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Discussed proposed amendments. Examiner indicated the amendment does not appear to change the scope of the
claims, however, further consideration would be required to enter the amendments..

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

Attachment

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20201024
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C.
132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to any
alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiners responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing out
typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the conclusion of
the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address either with or prior
to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other circumstances dictate, the
Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

- Application Number (Series Code and Serial Number)

- Name of applicant

- Name of examiner

- Date of interview

- Type of interview (telephonic, video-conference, or personal)

- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

- An indication whether or not an exhibit was shown or a demonstration conducted

- An identification of the specific prior art discussed
An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview unless
it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the substance of the
interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,-
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on
the Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,
(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)
6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed
by the examiner.

Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and accurate,

the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the statement
attributed to him or her. If the record is complete and accurate, the examiner should place the indication, Interview Record OK on the paper recording
the substance of the interview along with the date and the examiners initials.
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DRAFT - FOR THE PURPOSES OF DISCUSSION ONLY
NOT FOR ENTRY ON THE RECORD

INTERVIEW AGENDA
TO: Examiner RANDHAWA, MANDISH K.
FROM: Lance Jensen, Reg. No. 68,022
APPLICATION SERIAL NO.: 15/972,167
SUBJECT: Interview to Discuss the Notice of Allowance dated September 29, 2020
INTERVIEW DATE: October 22, 2020, 12:30 PM ET

The purpose of the proposed interview is to discuss the following claim amendments:
1. (Currently Amended) A method in a User Equipment (UE) for wireless
communication, comprising:

receiving a first second radio signal;

receiving a seeend first radio signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is used
for determining a time-domain resource occupied by the G multicarrier symbols; as for any one
given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; when the time-
domain resource occupied by the given multicarrier symbol is behind the first time point, the
second radio signal is used for determining the multi-antenna related receiving for the given
multicarrier symbol; and when the time-domain resource occupied by the given multicarrier
symbol is before the first time point, the multi-antenna related receiving for the given multicarrier
symbol is related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.

6. (Currently Amended) A method in a base station device for wireless
communication, comprising:
transmitting a fiest second radio signal;

transmitting a seeené first radio signal;
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DRAFT - FOR THE PURPOSES OF DISCUSSION ONLY
NOT FOR ENTRY ON THE RECORD

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is used
for determining a time-domain resource occupied by the G multicarrier symbols; as for any one
given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; when the time-
domain resource occupied by the given multicarrier symbol is behind the first time point, the
second radio signal is used to determine the multi-antenna related receiving for the given
multicarrier symbol; and when the time-domain resource occupied by the given multicarrier
symbol is before the first time point, the multi-antenna related receiving for the given multicarrier
symbol is related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.

11. (Currently Amended) A UE for wireless communication, comprising:

a first transceiver module, to receive a first second radio signal and a secend first radio
signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is used
for determining a time-domain resource occupied by the G multicarrier symbols; as for any one
given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; when the time-
domain resource occupied by the given multicarrier symbol is behind the first time point, the
second radio signal is used to determine the multi-antenna related receiving for the given
multicarrier symbol; and when the time-domain resource occupied by the given multicarrier
symbol is before the first time point, the multi-antenna related receiving for the given multicarrier
symbol is related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.
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DRAFT - FOR THE PURPOSES OF DISCUSSION ONLY
NOT FOR ENTRY ON THE RECORD

15. (Currently Amended) A base station device for wireless communication,
comprising:

a second transceiver module, to transmit a first second radio signal and a seeend first radio
signal;

wherein the first radio signal is transmitted within a first time unit, a first bit block is used
for generating the first radio signal, and the first radio signal comprises G multicarrier symbols;
the second radio signal is transmitted within the first time unit, and the second radio signal is used
for determining a time-domain resource occupied by the G multicarrier symbols; as for any one
given multicarrier symbol of the G multicarrier symbols, the multi-antenna related receiving for
the given multicarrier symbol is related to the relative position of a time-domain resource occupied
by the given multicarrier symbol with respect to a first time point in time domain; when the time-
domain resource occupied by the given multicarrier symbol is behind the first time point, the
second radio signal is used to determine the multi-antenna related receiving for the given
multicarrier symbol; and when the time-domain resource occupied by the given multicarrier
symbol is before the first time point, the multi-antenna related receiving for the given multicarrier
symbol is related to the multi-antenna related receiving for the second radio signal; the first time

point is one time point within the first time unit; and G is a positive integer.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/972,167 05/06/2018 Xiaobo ZHANG S$3876.10011US01 3699
97149 7590 11/19/2020 | XAMINER |
Maschoff Brennan
1389 Center Drive, Suite 300 RANDHAWA, MANDISH K
Park City, UT 84098
| ART UNIT | PAPER NUMBER |
2477
| NOTIFICATION DATE | DELIVERY MODE |
11/19/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

d@mabr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/972,167 ZHANG, Xiaobo
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
MANDISH RANDHAWA 2477 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 09 October 2020 under 37 CFR 1.312 has been considered, and has been:
a) entered.

b) J entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [0 disapproved. See explanation below.

e)J entered in part. See explanation below.

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20201116
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
15/972,167 05/06/2018 2477 1015 S3876.10011US01 18 4
CONFIRMATION NO. 3699
97149 CORRECTED FILING RECEIPT

1355 Contor Drive, Sults 300 0000 A LA

Park City, UT 84098
Date Mailed: 11/19/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Xiaobo ZHANG, Shanghai, CHINA;
Applicant(s)

Shanghai Langbo Communication Technology Company Limited, Shanghai, CHINA;
Assignment For Published Patent Application

Shanghai Langbo Communication Technology Company Limited, Shanghai, CHINA

Power of Attorney: The patent practitioners associated with Customer Number 97149

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 201710318202.4 05/08/2017 No Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 05/29/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/972,167

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

METHOD AND DEVICE USED FOR WIRELESS COMMUNICATION IN UE AND BASE STATION
Preliminary Class

370
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
page 2 of 4
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/972,167 05/06/2018 Xiaobo ZHANG S$3876.10011US01 3699
97149 7590 11/27/2020 | XAMINER |
Maschoff Brennan
1389 Center Drive, Suite 300 RANDHAWA, MANDISH K
Park City, UT 84098
| ART UNIT | PAPER NUMBER |
2477
| NOTIFICATION DATE | DELIVERY MODE |
11/27/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

d@mabr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

15/972,167 ZHANG, Xiaobo
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
MANDISH RANDHAWA 2477 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 23 October 2020 under 37 CFR 1.312 has been considered, and has been:
a) entered.

b) J entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [0 disapproved. See explanation below.

e)J entered in part. See explanation below.

/MANDISH K RANDHAWA/
Examiner, Art Unit 2477

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20201117
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PART B - FEE®) TRANSMITTAL
Coraplete and sead this form, together with applicable fee(s), by mail or fax, or via EFS-Web.
By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Cormissioner for Patents

F.Q. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for rransmitting the ISSUE IBUCATIONFEE (if 1¢ '-.u'r‘ed). Blocks 1 through 5 should be completed where approg Al

further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corvespondence address as indicated unless comrected

below or directed otherwise in B-D & 1, by {a) specitying a new correspondence address; and/or (b} mdicating a separate "FEE ADDRESS" for mainfenance fee notifications.
Mote: A ceif icate of mailing can only be used for domestic mailings of the

CURRENT CORRESPONDENCE ADDRESS (Hote: Use Block 1 for any ¢ £ address) Fee P cannol be used for any qther ac (_'v?lp;mying
paper ch addxtmnal papeA such as a am’:umeut or formal drawing, must
have i
§7149 7590 492972020
Maschoff Brennan s Fee! ‘> Transtoitz
) . A > with sufficient posta an em'ol.)] i
1389 Center Drive, Suite 300 adfhmsed to j]c Mail Stop ISSUE FEE ad iexs abo\e or hex ; ransmitted to
Park City, UT 84098 the USPTO via EFS-Web or by facsimile to {(371) 273-2885, on the date below.
{Typed or printed name),
(Signature
{Date)
E APPLICATION NO. l FILING DATE E FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. g CONFIRMATION NG, I
15/972,167 G3/06/2018 Xiacho ZHANG §3876.106011U801 3699
TITLE OF INVENTION: METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION
E APPLN. TYPE I ENTITY STATUS E 188UE FEE DUE E PUBLICATION FEE DUE I PREV. PAID ISSUE FEE E TOTAL FEE(S) DUE E DATE DUE i
nonprovisional SMALL $500 $0.00 SG.06 $500 1272912020
E EXAMINER ; ART UNIT E CLASS-SURCLASS [
RANDHAWA, MAKNDISHK 2477 370-336000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
(‘1 R V%‘«gr’- (1) The names of up to 3 registered patent atiorneys
. - or agents OR, Jll""ndt wlv A 1 MaSChOff Brennan
ence address (or Change of Correspondence
atrached. P
Tiop e N e - repis (/lt‘,d patent Atmmova or dgf,ﬂ[& H no name
‘md “Pee Address” indication (or "Fee Address” Indication form FTO/ d, no name will be 1:11,.&30 .
SB/47; Rev 03-0%9 or more recent) attached. Use of a Cusiomer 3
Nuraber is required.
3. ASSIGNEE NAME AND RESIDENCE DATA TC BE FRINTED ON THE PATENT {print or type)
PLEASE NOTE: Unless an assignee is ids 1%@6 below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8i(z). Completion of this form is NOT a substitute for filing an assigniment.
(A) NAME OF ASSIGNEE (R} RESIDENCE: (CITY and STATE OR COUNTRY)

SHANGHAI LANGBO COMMUNICATION TECHNOLOGY COMPANY LIMITED SHANGHAI, CHINA

d on the patent) © b lndividual M Corporation or other private group entity 'wl Government

Please check the appropriste assign vy or categontes (will not be pri

4a. Fees submitted: Mirssue Fee

LdPublication Fee (if required) LI Advance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above}
V4 Eiectronic Payment via BFS-Web 'wd Enclosed check [d Nop-electronic payment by credit card {Attach form PTQ-2038)

(. The Ditector is hereby authorized to charge the required fee(s), any defictency, or credit any overpayment to Deposit Account No.

3. Change in Entity Status (from status indicared ahove)
NOTE: Absent a valid certification of ’\’hcrb any Std[!,m (:'GL forms PTO/SB/1SA and 13B), issue
ent in th e T cro entit i F application abandonm
ing this box will be tak

4 Applicant certifying nucro entity status. See 37 CFR 1.29

‘d Applicant asserting smail entity staws. See 37 CFR 1.27 .
B Applicant asserting small entity status. See 37 CFR 1.27 on of loss of entitlerment Lo micro entity status.
Checking this box will be taken to be a notification of loss of entitlement to small or micro

umt\/ aius, a5 applicable.

ek Applicant changing to regular undiscounted {ee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Autherzed Sienanre /- BUINS Israelsen, Reg. No. 42685/ Dae DECEMbEr 22, 2020

itk

Typed or printed name R BU rns IS rae | sen Registration No. 42685

Page 2 of 3
PTOL-8S Part B (08-18) Approved for use through 01/31/2020 OMR 0631-0033 1.8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 15972167

Filing Date: 06-May-2018

Title of Invention:

METHOD AND DEVICE USED FOR WIRELESS COMMUNICATION IN UE AND

BASE STATION
First Named Inventor/Applicant Name: Xiaobo ZHANG
Filer: Robert Burns Israelsen/Clarissa Gundersen
Attorney Docket Number: $3876.10011US01
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 2501 1 500 500
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

500
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Electronic Acknowledgement Receipt

EFS ID: 41443351
Application Number: 15972167
International Application Number:
Confirmation Number: 3699

Title of Invention:

METHOD AND DEVICE USED FOR WIRELESS COMMUNICATION IN UE AND
BASE STATION

First Named Inventor/Applicant Name:

Xiaobo ZHANG

Customer Number:

97149

Filer:

Robert Burns Israelsen/Clarissa Gundersen

Filer Authorized By:

Robert Burns Israelsen

Attorney Docket Number: $3876.10011US01
Receipt Date: 22-DEC-2020
Filing Date: 06-MAY-2018
Time Stamp: 17:12:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $500

RAM confirmation Number E2020BLH13153865

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
842299
1 Issue Fee Payment (PTO-85B) 53876-10011 U§O1|_I5;?e_Fee_l no 1
ransmitta p 035c6591c0ab3b18c241dfdaaaedce8525fq)
2dff
Warnings:
Information:
30481
2 Fee Worksheet (SB06) fee-info.pdf no 2
6fe8f809621062a590607550ce6066f3bfd 5
Warnings:
Information:
Total Files Size (in bytes){ 872780

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc code: IDS PTO/SB/08a (02-18)

s . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed \U.S. Patent and Trademark Cffice: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 15972167
Filing Date P018-05-06

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

First Named Inventor ‘ Kiaobo, ZHANG
Art Unit | 2477
Examiner Name ‘ RANDHAWA, MANDISH K

Attorney Docket Number | $3876.10011US01

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E).(?mlner Cite Patent Number Kind Issue Date Na”.“e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Examiner Cite No Publication Kind | Publication Name of Patentee or Applicant
Initial* Number Code’| Date of cited Document

:hange(s) ag Plied
ko document] 1 D0150124736 A D015-05-07 G Flectronics-ne
CCB/ Ko et al.

2o /o

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS Remove

Pages,Columns,Lines
where Relevant
Passages or Relevant
Figures Appear

Name of Patentee or
Applicant of cited
Document

Examiner| Cite | Foreign Document | Country Kind | Publication

Initial* No | Numbers Code2i Code4| Date I

Shanghai LANGBO
1 1106550445 N A 2017-03-29 [Communication
Technology CO.,Ltd

2 no1771437 N A 2010-07-07 YTE

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

ALL REPERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.K.R/

EFS Web 2.1.18
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g o UNITED STATES PATENT AND TRADEMARK OFFICE
( :“*“\\ UNITED STATES DEPARTMENT OF COMMERCE

Q United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/972,167 02/02/2021 10912081 $3876.10011US01 3699
97149 7590 01/13/2021

Maschoff Brennan
1389 Center Drive, Suite 300
Park City, UT 84098

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 220 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Xiaobo ZHANG, Shanghai, CHINA;
Shanghai Langbo Communication Technology Company Limited, Shanghai, CHINA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 15/972,167

Filing Date 05-06-2018

First Named Inventor Xiaobo ZHANG

Title METHOD AND DEVICE USED FOR WIRELESS COMMUNICATION IN UE
AND BASE STATION

Art Unit 2477

Examiner Name RANDHAWA, MANDISH K

Attorney Docket Number |ZLL0205-0005-US

SIGNATURE of Applicant or Patent Practitioner

Signature /J |a| | N Zhong/ Date (Optional)
Name Jialin Zhong Eeﬂité?ﬁon 62937
u

Title (if Applicant is a | Registered Patent Attorney
juristic entity)

Applicant Name (if Applicant is a juristic entity) AP EX BEAM TECH NOLOG I ES LLC

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of ] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PA..

N PTO/AIA/B2B (07-13)
Document Description: Power of Attorney Approved for use through 01/31/2018. OMB 0651-0035

U.8. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a vatid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

| hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and

to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal tetter (form PTO/AIA/82A) or identified above:

OR 155075

|:| | hereby appoint Practitioner(s) named in the attached list {form PTO/AIA/B2C) as my/our attorney(s) or agent(s}, and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C))

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

|:| The address associated with Customer Number:
OR

D Firm or
Individual Name

Address

City [ state | Zip
Country

Telephone I Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

APEX BEAM TECHNOLOGIES LLC

I:l Inventor or Joint Inventor (litle not required below)

|:| Legal Representative of a Deceased or Legally Incapacitated inventor (title not required below)
Assignee or Person to Whom the inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity)

|:| Person Who Otherwise Shows Sufficient Proprietary Interest {e.g., a petition under 37 CFR 1.46(b)}{2) was granted in the
application or is concurrently being filed with this document) {provide signet’s title if applicant is a juristic entity)

SIGNATURE of Applicant for Patent

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature g SPE” | Date (Optional) | 11/10/2021
Name Deepak Sharma © %7
Title Managing Director

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. if more than one applicant, use muitiple forms.

Total of 1 forms are submitted.

This coflection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file {and by the
USPTQ to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individuat case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

Samsung Exhibit 1003, Page 267 of 290




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in
connection with your submission of the attached form related to a patent application or patent.
Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general
authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used
by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent
and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the
patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially {o the extent allowed under the
Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including
disclosures to opposing counsel in the course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains,
when the individual has requested assistance from the Member with respect to the
subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of
the Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974,
as amended, pursuant o 5 U.S.C. 552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty
in this system of records may be disclosed, as a routine use, to the International Bureau
of the World Intellectual Property Organization, pursuant to the Patent Cooperation
Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant
to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA as part of that agency’s responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public
after either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a
patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the
limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and
which application is referenced by either a published application, an application open to
public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal,
State, or local faw enforcement agency, if the USPTO becomes aware of a violation or
potential violation of law or regulation.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
APEX BEAM TECHNOLOGIES LLC

Application No./Patent No.: 15/972,167 Filed/Issue Date: 09-06-2018
Titled: METHOD AND DEVICE USED FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

APEX BEAM TECHNOLOGIES LLC . g Limited Liability Company

Applicant’/Patent Owner:

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: XIAOBO ZHANG To: SHANGHAILANGBO COMMUNICATION TECHNOLOGY COMPANY LIMITED

The document was recorded in the United States Patent and Trademark Office at

Reel 045728 , Frame 0040 , or for which a copy thereof is attached.

2 From: SHANGHAILANGBO COMMUNICATION TECHNOLOGY COMPANY LIMITED .. APEX BEAM TECHNOLOGIES LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 058068 , Frame 0338 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

4. From:

5. From:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

Mialin Zhong/ November 11, 2021
Signature Date

Jialin Zhong 62,937

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 44268057
Application Number: 15972167
International Application Number:
Confirmation Number: 3699

Title of Invention:

METHOD AND DEVICE USED FOR WIRELESS COMMUNICATION IN UE AND

BASE STATION

First Named Inventor/Applicant Name:

Xiaobo ZHANG

Customer Number:

97149

Filer:

Jialin Zhong/Eddie Rowell

Filer Authorized By:

Jialin Zhong

Attorney Docket Number: $3876.10011US01
Receipt Date: 12-NOV-2021
Filing Date: 06-MAY-2018
Time Stamp: 12:34:31

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

D t s . File Size(Byt Multi P
ocumen Document Description File Name ile Size( }tes)/ " I. . ages
Number Message Digest | Part/.zip| (if appl.)

1727541
Z1.0205-0005-
1 Application Data Sheet no 8
U S_Ma rked_U P_ADSpdf ff63c80fc81acd669879428d22fd7730b6b34]
a4d9
Warnings:
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Information:

This is not an USPTO supplied ADS fillable form

278339

2 Power of Attorney Z1.0205-0005-US_82A.pdf no 1

b37ca91f2092376721e20€a935ab7701c70)

Warnings:

Information:

1100582

3 Power of Attorney POA82B_Apex_ex.pdf no 2

d420eaec9e65ed86bfe977d519b96€06216|
6a185

Warnings:

Information:

121272

Assignee showing of ownership per 37

CFR3.73 Z10205-0005-US_3_73c.pdf no 3

ee730241833684c6a5839fef76f3calb5des)]

Warnings:

Information:

Total Files Size (in bytes){ 3227734

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 126099-8013.US00

Application Data Sheet 37 CFR 1.76

Application Number 15/972,167

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1 Remave
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
| [] fiaobo | ZHANG I
Residence Information (Select One) US Residency e Non US Residency Active US Military Service
City W‘ Country of Residence | ﬁl

Mailing Address of Inventor:

Address 1 Room E3, 8th Floor, JunYao Building

Address 2 No.789, ZhaoJiaBang Road, XuHui District

City | [phanghai | state/Province | |

Postal Code | [poo032 | Countryi | )CN

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 0416

Email Address | | Add Email | |Remove Email

Application Information:

Title of the Invention ETHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION
Attorney Docket Number| [126099-8013.US00 Small Entity Status Claimed

Application Type Nonprovisional v
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 6 Suggested Figure for Publication {if any)

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OCMB control number.

Attorney Docket Number | 126099-8013.US00

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority informaticn must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed applicaticn, subject to conditions and requirements of 37 CFR 1.57(a). )
Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country 7
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.5.C. 122(b) and cerify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of atiorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 70416

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119{e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OCMB control number.

) ) Attorney Docket Number | 126099-8013.US00
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

01710318202 4 | po17-05-08
Additional Foreign Priority Data may be generated within this form by selecting the

Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OCMB control number.

Attorney Docket Number | 126099-8013.US00

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT autherize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OCMB control number.

Attorney Docket Number | 126099-8013.US00

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | bmmgirer-amgier-Gommemiontion-Feohnolegy-Company-rimited: APEX BEAM TECHNOLOGIES LLC

Mailing Address Information For Applicant:

Address 1 - - b 104 EAST HOUSTON STREET
Address 2 MNer8o—XimedinBang-Rons—taHui-Bistiet  _SUITE 130

City i MARSHALL State/Province IX,
Country ‘ BN US Postal Code 200899 75670
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.12

Samsung Exhibit 1003, Page 278 of 290



PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OCMB control number.

Attorney Docket Number | 126099-8013.US00

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

Assignee |1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X

Organization Name P N — APEX BEAM TECHNOLOGIES TI.C

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 RoorrES=StirFoor—Jorrrao-Buidimg | 104 EAST HOUSTON STREET
Address 2 No769—ZheodimBang-Romd—aHuBistret  SULTE 180,

City | Fhaaghaa MARSHALL I State/Province IX
Countryi | PN US I Postal Code 2gegaa L2070
Phone Number | Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by

selecting the Add button. Add
Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature imrger - /Yialin Zhong/ Date (YYYY-MM-DD)| R048-06-06
221-11-12

First Name )kmn Jialin Last Name ‘ thnger- Zhong, Registration Number | 48228 02937

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OCMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

126099-8013.US00

Application Number

Title of Invention | METHOD AND DEVICE USD FOR WIRELESS COMMUNICATION IN UE AND BASE STATION

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested informaticn, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

A record related to an International Application filed under the Patent Ccoperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Crganization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review {35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designeg, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
15/972,167 05/06/2018 Xiaobo ZHANG 71.0205-0005-US
CONFIRMATION NO. 3699
155075 POA ACCEPTANCE LETTER
Zhong Law, LLC
100 Connell Drive R AP E RO
Suite 2300 000000129834307

Berkeley Heights, NJ 07922
Date Mailed: 11/18/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/12/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/enguyen/

page 1 of 1
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov’

APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
15/972,167 05/06/2018 Xiaobo ZHANG S$3876.10011US01
CONFIRMATION NO. 3699
97149 POWER OF ATTORNEY NOTICE
Maschoff Brennan

1389 Center Drive, Suite 300

R AP AR
Park City, UT 84098 000000129834270

Date Mailed: 11/18/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 11/12/2021.
+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/enguyen/

page 1 of 1
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Case 2:21-cv-00438-JRG Document 2 Filed 11/30/21 Page 1 of 1 PagelD #: 24

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas, Marshall Division on the following
[ Trademarks or  [A'Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:21-cv-00438 11/30/2021 for the Eastern District of Texas, Marshall Division
PLAINTIFF DEFENDANT
APEX BEAM TECHNOLOGIES LLC TCT Mobile International Limited, TCL Electronics
Holdings Limited, TCL Technology Group Corporation,
TCLCommunication Limited, and TCL Communication
Technology Holdings Limited
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,462,767 10/29/2019 Apex Beam Technologies LLC
2 10,568,113 2/18/2020 Apex Beam Technologies LLC
3 10,912,081 2/2/2021 Apex Beam Technologies LLC
4 10,944,527 3/8/2021 Apex Beam Technologies LLC
510,951,271 3/16/2021 Apex Beam Technologies LLC
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [ Answer [ Cross Bill [J Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upen filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 2:21-cv-00438 Document 2 Filed 11/30/21 Page 1 of 1 PagelD #: 24

A0 120 (Rev, 08/10)

TO: Mail Stop 8

P.O. Box 1450
Alexandria, VA 22313-1450

Director of the U.S. Patent and Trademark Office

REPORT ON THE
FILING OR DPETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. District Court

for the Eastern District of Texas, Marshall Division

on the following

[ Trademarks or [ Patents. ( [J the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT o
2:21-cv-00438 11/30/2021 for the Eastern District of Texas, Marshall Division
PLAINTIFF

APEX BEAM TECHNOLOGIES LLC

DEFENDANT

TCT Mobile International Limited, TCL Electronics
Holdings Limited, TCL Technology Group Corporation,
TCLCommunication Limited, and TCL Communication
Technology Holdings Limited

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 10,462,767 10/29/2019 Apex Beam Technologies LLC

2 10,568,113 2/18/2020 Apex Beam Technologies LLC

3 10,912,081 2/2/2021 Apex Beam Technologies LLC

4 10,944,527 31912021 Apex Beam Technologies LLC

510,951,271 3/16/2021 Apex Beam Technologies LLC

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [ Answer [ Cross Bill ] Other Pleading
PATENT OR DATE QF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT
CLERK

(BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 2:22-cv-00188-JRG Document 2 Filed 06/01/22 Page 1 of 1 PagelD # 28
.

A() 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1458 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 andfor 13 U.S.C. § 1116 you are hereby advised (hat a court action has been
filed in the U.8. District Court for the Eastern District of Texas, Marshall Division on the foltowing
[ Trademarks or & Pateots.  { [ the patent action involves 35 U.S.CO 82920
DOCKET NO. DATE FILED LS. DISTRICT COURT
2:22-cv-000188 06-01-2022 for the Eastern District of Texas, Marshall Division
PLAINTIFF DEFENDANT

SAMSUNG ELECTRONICS CO., LTD. and
SAMSUNG ELECTRONICS AMERICA, INC.

APEX BEAM TECHNOLOGIES LLC

mfxf{\)f%:\i{g{\ o) ?)?{r;rrgn})rﬂleji HOLDER OF PATENT OR TRADEMARK
| 10,462,767 10/29/2019 Apex Beam Technologies LLC
2 10,568,113 2/18/2020 Apex Beam Technologies LLC
310,912,081 2/2/2021 Apex Beam Technologies LLC
4 10,944,527 3/9/2021 Apex Beam Technologies LLC
510,951,271 3/16/2021 Apex Beam Technologies LLC

{1 the above—cntitled case. the following patens(s)/ trademark(s) have been inciuded:

DATE INCLUDED

INCLUDED BY

] Amendment

] Answer 1 Cross Bill 1 Other Pleading

PATENT OR
TRADEMARK NO,

DATL OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

=

In the above-

_entitied case. the foliowing decision has been rendered or indeement issued:

DECISIONJUDGEMENT

CLERK

(BY) DEPUTY CLERK

DATE

Copy 1—Upen initiation of action, mail this copy to Director

Copy 2—Upen filing document adding patent(s), mail this copy to Director

Copy 3—Upen termination of action, mail this copy to Director

Copy 4—Case file copy
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