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1
METHOD AND APPARATUS FOR
IMPROVING A TRANSMISSION USING A
CONFIGURED RESOURCE IN A WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 62/316,799 filed on Apr.
1, 2016, the entire disclosure of which is incorporated herein
in their entirety by reference.

FIELD

This disclosure generally relates to wireless communica-
tion networks, and more particularly, to a method and
apparatus for improving a transmission using a configured
resource in a wireless communication system.

BACKGROUND

15

20

2

FIG. 6 is a reproduction of FIG. 5.2.2-1 of 3GPP TS
36.212 v13.0.0.

FIG. 7 is a reproduction of Table 5.2.2.6-1 of 3GPP TS
36.212 v13.0.0.

FIG. 8 is a reproduction of Table 5.2.2.6-2 of 3GPP TS
36.212 v13.0.0.

FIG. 9 is a reproduction of Table 5.2.2.6-A of 3GPP TS
36.212 v13.0.0.

FIG. 10 is a reproduction of Table 5.2.2.6-3 of 3GPP TS
36.212 v13.0.0.

FIG. 11 is a reproduction of Table 5.2.2.6-4 of 3GPP TS
36.212 v13.0.0.

FIG. 12 is a reproduction of Table 5.2.2.6-5 of 3GPP TS
36.212 v13.0.0.

FIG. 13 is a reproduction of Table 5.2.2.6-6 of 3GPP TS
36.212 v13.0.0.

FIG. 14 is a reproduction of Table 5.2.2.6-7 of 3GPP TS
36.212 v13.0.0.

FIG. 15 is a reproduction of Table 5.2.2.8-1 of 3GPP TS
36.212 v13.0.0.

FIG. 16 is a reproduction of Table 5.2.2.8-2 of 3GPP TS
36.212 v13.0.0.

With the rapid rise in demand for communication of large FIG. 17 is a diagram according to one exemplary embodi-
amounts of data to and from mobile communication devices, ment.
traditional mobile voice communication networks are evolv- 25  FIG. 18 is a table according to one exemplary embodi-
ing into networks that communicate with Internet Protocol ment.
(IP) data packets. Such IP data packet communication can FIG. 19 is a table according to one exemplary embodi-
provide users of mobile communication devices with voice ment.
over IP, multimedia, multicast and on-demand communica- FIG. 20 is a table according to one exemplary embodi-
tion services. 30 ment.
An exemplary network structure is an Evolved Universal FIG. 21 is a table according to one exemplary embodi-
Terrestrial Radio Access Network (E-UTRAN). The ment.
E-UTRAN system can provide high data throughput in order FIG. 22 is a table according to one exemplary embodi-
to realize the above-noted voice over IP and multimedia ment.
services. A new radio technology for the next generation 35  FIG. 23 is a flow chart according to one exemplary
(e.g., 5G) is currently being discussed by the 3GPP standards embodiment.
organization. Accordingly, changes to the current body of FIG. 24 is a flow chart according to one exemplary
3GPP standard are currently being submitted and considered ~ embodiment.
to evolve and finalize the 3GPP standard. FIG. 25 is a flow chart according to one exemplary
40 embodiment.
SUMMARY FIG. 26 is a flow chart according to one exemplary
embodiment.
A method and apparatus are disclosed for improving a FIG. 27 is a flow chart according to one exemplary
transmission using a configured resource in a wireless embodiment.
communication system. In one embodiment, the method 45  FIG. 28 is a flow chart according to one exemplary
includes an uplink grant is available for a UE in a TTI embodiment.
(Transmission Time Interval), wherein the UE does not have FIG. 29 is a flow chart according to one exemplary
data available for transmission. The method further includes embodiment.
the UE transmitting a physical control information on a data FIG. 30 is a flow chart according to one exemplary
channel according to the uplink grant if the physical control 50 embodiment.
information needs to be transmitted in the TTI. The method FIG. 31 is a flow chart according to one exemplary
also includes the UE skipping the uplink grant if no physical embodiment.
control information needs to be transmitted in the TTI.
DETAILED DESCRIPTION
BRIEF DESCRIPTION OF THE DRAWINGS 55

FIG. 1 shows a diagram of a wireless communication
system according to one exemplary embodiment.

FIG. 2 is a block diagram of a transmitter system (also
known as access network) and a receiver system (also
known as user equipment or UE) according to one exem-
plary embodiment.

FIG. 3 is a functional block diagram of a communication
system according to one exemplary embodiment.

FIG. 4 is a functional block diagram of the program code
of FIG. 3 according to one exemplary embodiment.

FIG. 5 is a reproduction of FIG. 1 of 3GPP RP-150310.

The exemplary wireless communication systems and
devices described below employ a wireless communication
system, supporting a broadcast service. Wireless communi-
cation systems are widely deployed to provide various types
of communication such as voice, data, and so on. These
systems may be based on code division multiple access
(CDMA), time division multiple access (TDMA), orthogo-
nal frequency division multiple access (OFDMA), 3GPP
LTE (Long Term Evolution) wireless access, 3GPP LTE-A
or LTE-Advanced (Long Term Evolution Advanced),
3GPP2 UMB (Ultra Mobile Broadband), WiMax, or some
other modulation techniques.
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In particular, the exemplary wireless communication sys-
tems devices described below may be designed to support
one or more standards such as the standard offered by a
consortium named “3rd Generation Partnership Project”
referred to herein as 3GPP, including: RP-150465, “New SI
proposal: Study on Latency reduction techniques for LTE”,
Ericsson, Huawei; RP-150310, “Study on Latency reduction
techniques For LTE”, Ericsson; TS 36.321 v12.5.0,
“E-UTRA MAC protocol specification (Release 12)”; TS
36.331 v12.5.0, “E-UTRA RRC protocol specification (Re-
lease 12)”; TS 36.213 v12.5.0, “E-UTRA Physical layer
procedures (Release 12)”; TR 36.881 V0.6.0, “E-UTRA
Study on latency reduction techniques for LTE (Release
13)”; and TS 36.212 V13.0.0, “E-UTRA Multiplexing and
channel coding (Release 13)”. The standards and documents
listed above are hereby expressly incorporated by reference
in their entirety.

FIG. 1 shows a multiple access wireless communication
system according to one embodiment of the invention. An
access network 100 (AN) includes multiple antenna groups,
one including 104 and 106, another including 108 and 110,
and an additional including 112 and 114. In FIG. 1, only two
antennas are shown for each antenna group, however, more
or fewer antennas may be utilized for each antenna group.
Access terminal 116 (AT) is in communication with anten-
nas 112 and 114, where antennas 112 and 114 transmit
information to access terminal 116 over forward link 120
and receive information from access terminal 116 over
reverse link 118. Access terminal (AT) 122 is in communi-
cation with antennas 106 and 108, where antennas 106 and
108 transmit information to access terminal (AT) 122 over
forward link 126 and receive information from access ter-
minal (AT) 122 over reverse link 124. In a FDD system,
communication links 118, 120, 124 and 126 may use dif-
ferent frequency for communication. For example, forward
link 120 may use a different frequency then that used by
reverse link 118.

Each group of antennas and/or the area in which they are
designed to communicate is often referred to as a sector of
the access network. In the embodiment, antenna groups each
are designed to communicate to access terminals in a sector
of the areas covered by access network 100.

In communication over forward links 120 and 126, the
transmitting antennas of access network 100 may utilize
beamforming in order to improve the signal-to-noise ratio of
forward links for the different access terminals 116 and 122.
Also, an access network using beamforming to transmit to
access terminals scattered randomly through its coverage
causes less interference to access terminals in neighboring
cells than an access network transmitting through a single
antenna to all its access terminals.

An access network (AN) may be a fixed station or base
station used for communicating with the terminals and may
also be referred to as an access point, a Node B, a base
station, an enhanced base station, an evolved Node B (eNB),
or some other terminology. An access terminal (AT) may
also be called user equipment (UE), a wireless communi-
cation device, terminal, access terminal or some other ter-
minology.

FIG. 2 is a simplified block diagram of an embodiment of
a transmitter system 210 (also known as the access network)
and a receiver system 250 (also known as access terminal
(AT) or user equipment (UE)) in a MIMO system 200. At the
transmitter system 210, traffic data for a number of data
streams is provided from a data source 212 to a transmit
(TX) data processor 214.
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In one embodiment, each data stream is transmitted over
a respective transmit antenna. TX data processor 214 for-
mats, codes, and interleaves the traffic data for each data
stream based on a particular coding scheme selected for that
data stream to provide coded data.

The coded data for each data stream may be multiplexed
with pilot data using OFDM techniques. The pilot data is
typically a known data pattern that is processed in a known
manner and may be used at the receiver system to estimate
the channel response. The multiplexed pilot and coded data
for each data stream is then modulated (i.e., symbol mapped)
based on a particular modulation scheme (e.g., BPSK,
QPSK, M-PSK, or M-QAM) selected for that data stream to
provide modulation symbols. The data rate, coding, and
modulation for each data stream may be determined by
instructions performed by processor 230.

The modulation symbols for all data streams are then
provided to a TX MIMO processor 220, which may further
process the modulation symbols (e.g., for OFDM). TX
MIMO processor 220 then provides N, modulation symbol
streams to N transmitters (TMTR) 222a through 222¢. In
certain embodiments, TX MIMO processor 220 applies
beamforming weights to the symbols of the data streams and
to the antenna from which the symbol is being transmitted.

Each transmitter 222 receives and processes a respective
symbol stream to provide one or more analog signals, and
further conditions (e.g., amplifies, filters, and upconverts)
the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. N, modulated signals
from transmitters 222a through 2227 are then transmitted
from N, antennas 224a through 224z, respectively.

At receiver system 250, the transmitted modulated signals
are received by Ny antennas 252a through 2527 and the
received signal from each antenna 252 is provided to a
respective receiver (RCVR) 254a through 254r. Each
receiver 254 conditions (e.g., filters, amplifies, and down-
converts) a respective received signal, digitizes the condi-
tioned signal to provide samples, and further processes the
samples to provide a corresponding “received” symbol
stream.

An RX data processor 260 then receives and processes the
Ny received symbol streams from N receivers 254 based on
a particular receiver processing technique to provide N,
“detected” symbol streams. The RX data processor 260 then
demodulates, deinterleaves, and decodes each detected sym-
bol stream to recover the traffic data for the data stream. The
processing by RX data processor 260 is complementary to
that performed by TX MIMO processor 220 and TX data
processor 214 at transmitter system 210.

A processor 270 periodically determines which pre-cod-
ing matrix to use (discussed below). Processor 270 formu-
lates a reverse link message comprising a matrix index
portion and a rank value portion.

The reverse link message may comprise various types of
information regarding the communication link and/or the
received data stream. The reverse link message is then
processed by a TX data processor 238, which also receives
traffic data for a number of data streams from a data source
236, modulated by a modulator 280, conditioned by trans-
mitters 254a through 2547, and transmitted back to trans-
mitter system 210.

At transmitter system 210, the modulated signals from
receiver system 250 are received by antennas 224, condi-
tioned by receivers 222, demodulated by a demodulator 240,
and processed by a RX data processor 242 to extract the
reserve link message transmitted by the receiver system 250.
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Processor 230 then determines which pre-coding matrix to
use for determining the beamforming weights then processes
the extracted message.

Turning to FIG. 3, this figure shows an alternative sim-
plified functional block diagram of a communication device
according to one embodiment of the invention. As shown in
FIG. 3, the communication device 300 in a wireless com-
munication system can be utilized for realizing the UEs (or
ATs) 116 and 122 in FIG. 1 or the base station (or AN) 100

6

(Orthogonal Frequency Division Multiplexing) symbol, tak-
ing into account impact on reference signals and physical
layer control signaling.

FIG. 5 is a reproduction of Figure 1 of 3GPP RP-150310.
FIG. 5 generally illustrates the improvement corresponding
to the areas.

In 3GPP RP-150310, a candidate of fast uplink access
solutions was raised:

Pre-grant—fast uplink access but with limited throughput

in FIG. 1, and the wireless communications system is 10  Resources can be allocated with (modified) SPS
preferably the LTE system. The communication device 300 Remove the requirement to send padding when no data is
may include an input device 302, an output device 304, a in buffer—saves battery resources when inactive
control circuit 306, a central processing unit (CPU) 308, a Good throughput per watt statistics

memory 310, a program code 312, and a transceiver 314. Switch to dynamic scheduling when entering active
The control circuit 306 executes the program code 312 in the 15 phase—optimizing throughput when having lot of data

memory 310 through the CPU 308, thereby controlling an
operation of the communications device 300. The commu-
nications device 300 can receive signals input by a user
through the input device 302, such as a keyboard or keypad,
and can output images and sounds through the output device
304, such as a monitor or speakers. The transceiver 314 is
used to receive and transmit wireless signals, delivering
received signals to the control circuit 306, and outputting
signals generated by the control circuit 306 wirelessly. The
communication device 300 in a wireless communication
system can also be utilized for realizing the AN 100 in FIG.
1.

FIG. 4 is a simplified block diagram of the program code
312 shown in FIG. 3 in accordance with one embodiment of
the invention. In this embodiment, the program code 312
includes an application layer 400, a Layer 3 portion 402, and
a Layer 2 portion 404, and is coupled to a Layer 1 portion
406. The Layer 3 portion 402 generally performs radio
resource control. The Layer 2 portion 404 generally per-
forms link control. The Layer 1 portion 406 generally
performs physical connections.

Packet data latency is one of the important metrics for
performance evaluation. Reducing packet data latency
improves the system performance. In 3GPP RP-150465, the
study item “Study on latency reduction techniques for LTE”
generally aims to investigate and standardize some tech-
niques of latency reduction.

According to 3GPP RP-150465, the objective of the study
item is generally to study enhancements to the E-UTRAN
radio system in order to significantly reduce the packet data
latency over the LTE Uu air interface for an active UE and
significantly reduce the packet data transport round trip
latency for UEs that have been inactive for a longer period
(in connected state). The study area includes resource effi-
ciency, including air interface capacity, battery lifetime,
control channel resources, specification impact and technical
feasibility. Both FDD (Frequency Division Duplex) and
TDD (Time Division Duplex) duplex modes are considered.

According to 3GPP RP-150465, two following areas
should be studies and documented:

1. Fast Uplink Access Solutions—

For active UEs and UEs that have been inactive a longer
time, but are kept in RRC Connected, the focus should be (i)
on reducing user plane latency for the scheduled UL trans-
mission, and (ii) on getting a more resource efficient solution
with protocol and signaling enhancements, compared to the
pre-scheduling solutions allowed by the standard today, both
with and without preserving the current TTI (Transmission
Time Interval) length and processing times.

2. TTI Shortening and Reduced Processing Times—

Assess specification impact and study feasibility and
performance of TTI lengths between 0.5 ms and one OFDM
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in send buffer

Detailed result of the study can be found in 3GPP TR
36.881 v0.6.0 as quoted below, which confirmed that it
would be beneficial to skip the configured grant if there is no
data or regular MAC (Medium Access Control) CE (Control
Element) to be sent:
8.1 Semi-Persistent Scheduling
With current Semi-Persistent Scheduling (SPS), the eNodeB
may configure SPS periodicity via dedicated RRC signal-
ling. Current minimum SPS periodicity is 10 ms. Supporting
a SPS periodicity of 1 TTI is beneficial as this may reduce
the latency of initial UL transmissions. This would allow UL
transmission in consecutive subframes.
8.2 UL Grant Reception
In current specifications, the UE sends a MAC PDU con-
taining a MAC CE for padding BSR and optionally padding
bits in response to an allocated UL dynamic or configured
grant even if no data is available for transmission in the UE
buffer and no other regular MAC CE is needed to be sent.
It is beneficial to allow UEs to skip (most) dynamic and
configured uplink grants if no data is available for transmis-
sion. With frequent UL grants, allowing skipping UL grants
may decrease UL interference and improve UE battery
efficiency. The UE will continue to send one or more regular
MAC CE(s), if any. The eNB may enable skipping UL grants
by RRC dedicated signalling.
8.2.1 Configured SPS Activation and Deactivation
The SPS resources are UE specific and may be reserved
(configured and active) for a longer period in time. As such,
it is in some cases considered useful for the eNB to be timely
aligned with the UE state on activated or deactivated SPS
resource(s), and if UL transmissions might occur in the
granted SPS resource allocation instances.
An acknowledgement in response to a PDCCH grant indi-
cation activation could for example consist of an UE trans-
mitted new MAC PDU containing zero MAC SDUs on the
first SPS granted resource to indicate successful activation
when the UE buffer is empty.
If the PDCCH grant indicating activation is not received,
and UE has UL data to be transmitted, it is assumed that the
UE would initiate a SR procedure if no other action is
performed by the eNB.
For Deactivation, the eNB can indicate release of SPS
resources on PDCCH. Also in these cases the eNB would in
some cases benefit from being timely aligned with the UE
state on activate or deactivated SPS resource(s).
Similarly to activation, a single transmission could be used
also as deactivation acknowledgement as in instances of
skipped transmissions as the absence of a UL transmission
cannot be used as an implicit deactivation/release acknowl-
edgement mechanism. Other means may thus be beneficial
to specify.
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Acknowledgment Based Pro’s

1 With an acknowledgment on the PDCCH grant activat-
ing or deactivating the SPS allocation, the eNB may be
able to distinguish from cases where the PDCCH is
missed by the UE.

2 With a higher degree of robustness of the activation/
deactivation mechanism, the eNB may not have to
repeat unnecessarily the SPS grant.

3 A activation and deactivation acknowledgement mecha-
nism may allow for less conservative use of precon-
figured SPS resources and may allow decreased
PDCCH load as lower aggregation level can be used.

4 An acknowledged activation/deactivation of the SPS
grant resources may reduce DRX misalignment.

Acknowledgement Based Con’s

1 Unnecessary UE battery consumption in instances of
empty UE buffer at activation/deactivation;

2 DRX impacted by the additional UL transmission
including the HARQ wait time (handling of inactivity
timer/short cycle timer)

3 Increased uplink interference in instances where the
SPS allocation is changed due to e.g. PDCCH activa-
tion/deactivation and where the UE buffer is empty.

4 New UE behaviour needed for deactivation/release
acknowledgment.

5 DRX misalignment probability may be increased due to
loss of ACK compared to if ACK is received correctly

6 SPS resources may be unused for a duration as a result
of a missing ACK after successful PDCCH reception.

Acknowledgement Free Pro’s

1 Relies on the legacy behaviour that the UE in the rare
cases of PDCCH loss (e.g. 1%) and non-empty buffer
may initiate a SR procedure (alt. RACH procedure).
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Downlink Semi-Persistent Scheduling interval semiPer-
sistSchedInterval DL and number of configured HARQ
processes for Semi-Persistent Scheduling numberOf-
ConfSPS-Processes, if Semi-Persistent Scheduling is
enabled for the downlink;

When Semi-Persistent Scheduling for uplink or downlink is
disabled by RRC, the corresponding configured grant or
configured assignment shall be discarded.

Semi-Persistent Scheduling is supported on the SpCell only.
Semi-Persistent Scheduling is not supported for RN com-
munication with the E-UTRAN in combination with an RN
subframe configuration.

NOTE: When eIMTA is configured for the SpCell, if a
configured uplink grant or a configured downlink
assignment occurs on a subframe that can be reconfig-
ured through eIMTA L1 signalling, then the UE behav-
iour is left unspecified.

5.10.1 Downlink

After a Semi-Persistent downlink assignment is configured,

the MAC entity shall consider sequentially that the N

assignment occurs in the subframe for which:
(10*SFN+subframe)=[(10*SFN,, s rimet

Subfra‘rnestart time)+
N*semiPersistSchedIntervalDL]modulo 10240.

Where SFN,,., ;;m. and subframe,,,, ,... are the SFN and
subframe, respectively, at the time the configured downlink
assignment were (re-)initialised.
5.10.2 Uplink
After a Semi-Persistent Scheduling uplink grant is config-
ured, the MAC entity shall:

if twointervalsConfig is enabled by upper layer:

set the Subframe_Offset according to Table 7.4-1.
else:

set Subframe_Offset to 0.

The eNB may then re-initialise SPS or allocate a 35  consider sequentially that the N” grant occurs in the
dynamic grant for the UE to compensate the PDCCH subframe for which:
loss. (10*SFN+subframe)—=[(10%SFN. ., st
2 No additional UL transmissions that may cause inter- subframe, ., ; smol+
ference in instances where the SPS allocation is N*semiPersistSchedIntervalUL+Subframe_Off-
changed due to e.g. PDCCH activation/deactivation 40 set*( modulo 2)Jmedulo 10240.
and the UE buffer is empty. Where SFN,,., ;;m. and subframe,,,, ,... are the SFN and

3 UE may go earlier to DRX

4 UE behaviour simplified and no new behaviour at
deactivation is needed.

Acknowledgement Free Con’s

1 Increased PDCCH aggregation level may need to be
used which increases the PDCCH resource usage

2 SPS resources may be unused until a SR procedure has
been initiated by the UE missing the PDCCH

45

subframe, respectively, at the time the configured uplink
grant were (re-)initialised.
The MAC entity shall clear the configured uplink grant
immediately after implicitReleaseAfter [8] number of con-
secutive new MAC PDUs each containing zero MAC SDUs
have been provided by the Multiplexing and Assembly
entity, on the Semi-Persistent Scheduling resource.

NOTE: Retransmissions for Semi-Persistent Scheduling

3 SPS deactivation on PDCCH may need repetition to 50 can continue after clearing the configured uplink grant.
have robust SPS resource release [...]
4 SPS resources are not released after release indication 5.4.1 UL Grant Reception

and are only detected at first periodic grant allocation
opportunity after the release signalling time instance.

In the current 3GPP E-UTRA MAC specification (3GPP

TS 36.321 v12.5.0), semi-persistent scheduling operates as
follows:

5.10 Semi-Persistent Scheduling

When Semi-Persistent Scheduling is enabled by RRC, the
following information is provided [8]:

Semi-Persistent Scheduling C-RNTI;

Uplink Semi-Persistent Scheduling interval semiPersist-
SchedIntervalUL and number of empty transmissions
before implicit release implicitReleaseAfter, if Semi-
Persistent Scheduling is enabled for the uplink;

Whether twointervalsConfig is enabled or disabled for
uplink, only for TDD;

55

60

65

In order to transmit on the UL-SCH the MAC entity must
have a valid uplink grant (except for non-adaptive HARQ
retransmissions) which it may receive dynamically on the
PDCCH or in a Random Access Response or which may be
configured semi-persistently. To perform requested trans-
missions, the MAC layer receives HARQ information from
lower layers. When the physical layer is configured for
uplink spatial multiplexing, the MAC layer can receive up to
two grants (one per HARQ process) for the same TTI from
lower layers.

If the MAC entity has a C-RNTI, a Semi-Persistent Sched-
uling C-RNTI, or a Temporary C-RNTI, the MAC entity
shall for each TTI and for each Serving Cell belonging to a
TAG that has a running timeAlignmentTimer and for each
grant received for this TTI:
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if an uplink grant for this TTI and this Serving Cell has
been received on the PDCCH for the MAC entity’s
C-RNTT or Temporary C-RNTT; or
if an uplink grant for this TTI has been received in a
Random Access Response:
if the uplink grant is for MAC entity’s C-RNTT and if
the previous uplink grant delivered to the HARQ
entity for the same HARQ process was either an
uplink grant received for the MAC entity’s Semi-
Persistent Scheduling C-RNTI or a configured
uplink grant:
consider the NDI to have been toggled for the
corresponding HARQ process regardless of the
value of the NDI.
deliver the uplink grant and the associated HARQ
information to the HARQ entity for this TTIL.
else, if this Serving Cell is the SpCell and if an uplink
grant for this TTI has been received for the SpCell on
the PDCCH of the SpCell for the MAC entity’s Semi-
Persistent Scheduling C-RNTI:
if the NDI in the received HARQ information is 1:
consider the NDI for the corresponding HARQ pro-
cess not to have been toggled;
deliver the uplink grant and the associated HARQ
information to the HARQ entity for this TTI.
else if the NDI in the received HARQ information is 0:
if PDCCH contents indicate SPS release:
clear the configured uplink grant (if any).
else:
store the uplink grant and the associated HARQ
information as configured uplink grant;
initialise (if not active) or re-initialise (if already
active) the configured uplink grant to start in
this TTI and to recur according to rules in
subclause 5.10.2;
consider the NDI bit for the corresponding HARQ
process to have been toggled;
deliver the configured uplink grant and the asso-
ciated HARQ information to the HARQ entity
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to take place continuously while waiting for the HARQ
feedback on the successful or unsuccessful reception of
previous transmissions.
The number of parallel HARQ processes per HARQ entity
is specified in [2], clause 8.
When the physical layer is configured for uplink spatial
multiplexing [2], there are two HARQ processes associated
with a given TTI. Otherwise there is one HARQ process
associated with a given TTL
At a given TTI, if an uplink grant is indicated for the TTI,
the HARQ entity identifies the HARQ process(es) for which
a transmission should take place. It also routes the received
HARQ feedback (ACK/NACK information), MCS and
resource, relayed by the physical layer, to the appropriate
HARQ process(es).
When TTI bundling is configured, the parameter
TTI_BUNDLE_SIZE provides the number of TTIs of a TTI
bundle. TTI bundling operation relies on the HARQ entity
for invoking the same HARQ process for each transmission
that is part of the same bundle. Within a bundle HARQ
retransmissions are non-adaptive and triggered without
waiting for feedback from previous transmissions according
to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle
is only received for the last TTI of the bundle (i.e the TTI
corresponding to TTI_BUNDLE_SIZE), regardless of
whether a transmission in that TTI takes place or not (e.g.
when a measurement gap occurs). A retransmission of a TTI
bundle is also a TTI bundle. TTI bundling is not supported
when the MAC entity is configured with one or more SCells
with configured uplink.
TTI bundling is not supported for RN communication with
the E-UTRAN in combination with an RN subframe con-
figuration.
For transmission of Msg3 during Random Access (see
subclause 5.1.5) TTI bundling does not apply.
For each TTI, the HARQ entity shall:

identify the HARQ process(es) associated with this TTI,

and for each identified HARQ process:
if an uplink grant has been indicated for this process

for this TTI. 40 and this TTI:
else, if this Serving Cell is the SpCell and an uplink grant if the received grant was not addressed to a Tempo-
for this TTI has been configured for the SpCell: rary C-RNTI on PDCCH and if the NDI provided
consider the NDI bit for the corresponding HARQ in the associated HARQ information has been
process to have been toggled; toggled compared to the value in the previous
deliver the configured uplink grant, and the associated 45 transmission of this HARQ process; or
HARQ information to the HARQ entity for this TTI. if the uplink grant was received on PDCCH for the
NOTE: The period of configured uplink grants is C-RNTI and the HARQ buffer of the identified
expressed in TTIs. process is empty; or
NOTE: If the MAC entity receives both a grant in a if the uplink grant was received in a Random Access
Random Access Response and a grant for its C-RNTI 50 Response:
or Semi persistent scheduling C-RNTT requiring trans- if there is a MAC PDU in the Msg3 buffer and the
missions on the SpCell in the same UL subframe, the uplink grant was received in a Random Access
MAC entity may choose to continue with either the Response:
grant for its RA-RNTI or the grant for its C-RNTT or obtain the MAC PDU to transmit from the
Semi persistent scheduling C-RNTIL. 55 Msg3 buffer.
NOTE: When a configured uplink grant is indicated else:
during a measurement gap and indicates an UL-SCH obtain the MAC PDU to transmit from the
transmission during a measurement gap, the MAC “Multiplexing and assembly” entity;
entity processes the grant but does not transmit on deliver the MAC PDU and the uplink grant and
UL-SCH. 60 the HARQ information to the identified HARQ
Details of UL HARQ operation can be found in 3GPP TS process;
36.321 v12.5.0 as follows: instruct the identified HARQ process to trigger a
5.4.2 HARQ Operation new transmission.
5.4.2.1 HARQ Entity else:
There is one HARQ entity at the MAC entity for each 65 deliver the uplink grant and the HARQ informa-

Serving Cell with configured uplink, which maintains a
number of parallel HARQ processes allowing transmissions

tion (redundancy version) to the identified
HARQ process;
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instruct the identified HARQ process to generate
an adaptive retransmission.
else, if the HARQ buffer of this HARQ process is not
empty:
instruct the identified HARQ process to generate a
non-adaptive retransmission.
When determining if NDI has been toggled compared to the
value in the previous transmission the MAC entity shall
ignore NDI received in all uplink grants on PDCCH for its
Temporary C-RNTI.
5.4.2.2 HARQ Process
Each HARQ process is associated with a HARQ buffer.
Each HARQ process shall maintain a state variable CUR-
RENT_TX_NB, which indicates the number of transmis-
sions that have taken place for the MAC PDU currently in
the buffer, and a state variable HARQ_FEEDBACK, which
indicates the HARQ feedback for the MAC PDU currently
in the buffer. When the HARQ process is established,
CURRENT_TX_NB shall be initialized to 0.
The sequence of redundancy versions is 0, 2, 3, 1. The

15
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else if the HARQ entity requests a non-adaptive retrans-
mission:
if HARQ_FEEDBACK=NACK:

generate a transmission as described below.

NOTE: When receiving a HARQ ACK alone, the MAC
entity keeps the data in the HARQ buffer.

NOTE: When no UL-SCH transmission can be made due
to the occurrence of a measurement gap, no HARQ
feedback can be received and a non-adaptive retrans-
mission follows.

To generate a transmission, the HARQ process shall:

if the MAC PDU was obtained from the Msg3 buffer; or

if Sidelink Discovery Gaps for Transmission are not
configured by upper layers, and there is no measure-
ment gap at the time of the transmission and, in case of
retransmission, the retransmission does not collide with
a transmission for a MAC PDU obtained from the
Msg3 buffer in this TTI; or

if Sidelink Discovery Gaps for Transmission are config-
ured by upper layers, and there is no measurement gap

variable CURRENT_IRV is an index into the sequence of 20 at the time of the transmission and, in case of retrans-
redundancy versions. This variable is up-dated modulo 4. mission, the retransmission does not collide with a
New transmissions are performed on the resource and with transmission for a MAC PDU obtained from the Msg3
the MCS indicated on PDCCH or Random Access buffer, and there is no Sidelink Discovery Gap for
Response. Adaptive retransmissions are performed on the _Transmission in this TTI; or o

resource and, if provided, with the MCS indicated on 25 if Sidelink Discovery Gaps for Transmission are config-
PDCCH. Non-adaptive retransmission is performed on the ured by upper layers, and there is no measurement gap
same resource and with the same MCS as was used for the at the time of the transmission and, in case of retrans-
last made transmission attempt. mission, the retransmission does not collide with a
The MAC entity is configured with a Maximum number of transmission for a MAC PDU obtained from the Msg3
HARQ transmissions and a Maximum number of Msg3 30 buffer, and there is a Sidelink Discovery Gap for
HARQ transmissions by RRC: maxHARQ-Tx and max- Transmission, and there is no configured grant for
HARQ-Msg3Tx respectively. For transmissions on all transmission on SL-DCH in this TTI:

HARQ processes and all logical channels except for trans- instruct the physical layer to generate a transmission
mission of a MAC PDU sto.re(.i in the Msg3 buffer, the according to the stored uplink grant with the redun-
maximum number of transmissions shall be set to max- 35 dancy version corresponding to the CURRENT_IRV
HARQ-Tx. For transmission of a MAC PDU stored in the value;

Msg3 buffer, the maximum number of transmissions shall be increment CURRENT_IRV by 1;

set to maxHARQ-Msg3Tx. if there is a measurement gap or Sidelink Discovery
When the HARQ feedback is received for this TB, the Gap for Reception at the time of the HARQ feedback
HARQ process shall: 40

set HARQ_FEEDBACK to the received value.
If the HARQ entity requests a new transmission, the HARQ
process shall:
set CURRENT_TX NB to 0;
set CURRENT_IRV to O;
store the MAC PDU in the associated HARQ buffer;
store the uplink grant received from the HARQ entity;
set HARQ_FEEDBACK to NACK;
generate a transmission as described below.
If the HARQ entity requests a retransmission, the HARQ
process shall:
increment CURRENT_TX_NB by 1;
if the HARQ entity requests an adaptive retransmission:
store the uplink grant received from the HARQ entity;
set CURRENT_IRV to the index corresponding to the
redundancy version value provided in the HARQ

45

50

55

reception for this transmission and if the MAC PDU
was not obtained from the Msg3 buffer:
set HARQ_FEEDBACK to ACK at the time of the
HARQ feedback reception for this transmission.
After performing above actions, the HARQ process then
shall:
if CURRENT _TX_ NB=maximum number of transmis-
sions—1:
flush the HARQ buffer;

In the current 3GPP E-UTRA RRC specification (3GPP
TS 36.331 v12.5.0), semi-persistent scheduling is config-
ured as follows:

SPS-Config
The IE SPS-Config is used to specify the semi-persistent
scheduling configuration.

information;
set HARQ_FEEDBACK to NACK;
generate a transmission as described below. SPS-Config Information Element

-- ASNISTART

SPS-Config ::= SEQUENCE {

semiPersistSchedC-RNTI C-RNTI OPTIONAL, -- Need OR
sps-ConfigDL SPS-ConfigDL OPTIONAL, -- Need ON
sps-ConfigUL SPS-ConfigUL OPTIONAL -- Need ON

}

Samsung Exhibit 1001, Page 31 of 50
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-00614



US 10,187,878 B2

13 14
-continued
SDS-ConfigDL ::= CHOICE{
release NULL,
setup SEQUENCE {
semiPersistSchedInterval DL ENUMERATED {
sf10, sf20, sf32, sf40, sf64, sf80,
sf128, sf160, sf320, sf640, spare6,
spare5, spare4, spare3, spare2,
sparel},
numberofConfSPS-Processes INTEGER (1..8),
n1PUCCH-AN-PersistentList N1PUCCH-AN-PersistentList,
[[ twoAntennaPortActivated-r10 CHOICE {
release NULL,
setup SEQUENCE {
n1PUCCH-AN-PersistentListP1-r10 N1IPUCCH-AN-PersistentList
¥
} OPTIONAL -- Need
ON
11
¥
}
SPS-ConfigUL ::= CHOICE {
release NULL,
setup SEQUENCE {
semiPersistSchedInterval UL ENUMERATED {
sf10, sf20, sf32, sf40, sf64, sf80,
sf128, sf160, sf320, sf640, spare6,
spare5, spare4, spare3, spare2,
sparel},
implicitRelease After ENUMERATED {e2, €3, e4, e8},
pO-Persistent SEQUENCE {
pO-NominalPUSCH-Persistent ~ INTEGER (-126..24),
pO-UE-PUSCH-Persistent INTEGER (-8..7)
} OPTIONAL, -- Need OP
twolntervalsConfig ENUMERATED {true} =~ OPTIONAL, -- Cond TDD
[[ pO-PersistentSubframeSet2-r12  CHOICE {
release NULL,
setup SEQUENCE {
pO-Nominal PUSCH-PersistentSubframeSet2-r12 INTEGER (-126..24),
pO-UE-PUSCH-PersistentSubframeSet2-r12 INTEGER (-8..7)
¥
} OPTIONAL -- Need ON
11
¥
N1PUCCH-AN-PersistentList ::== SEQUENCE (SIZE (1..4)) OF INTEGER (0..2047)
-- ASN1STOP
-continued
SPS-Config field descriptions 45
SPS-Config field descriptions
implicitReleaseAfter

Number of empty transmissions before implicit release, see

TS 36.321 [6, 5.10.2]. Value e2 corresponds to 2

transmissions, e3 corresponds to 3 transmissions and so on. 50
n1PUCCH-AN-PersistentList, n1PUCCH-AN-PersistentListP1

List of parameter: npg ez # for antenna port PO and for

antenna port P1 respectively, see TS 36.213 [23, 10.1].

Field n1-PUCCH-AN-PersistentListP1 is applicable only if

the twoAntennaPortActivatedPUCCH-Formatlalb in 55
PUCCH-ConfigDedicated-v1020 is set to true. Otherwise the

field is not configured.

numberOfConfSPS-Processes

The number of configured HARQ processes for Semi-Persistent 60
Scheduling, see TS 36.321 [6].
pO-Nominal PUSCH-Persistent

Parameter: Pp  yoamnvaz pusce (0). See TS 36.213 [23, 5.1.1.1],

unit dBm step 1. This field is applicable for persistent

scheduling, only. If choice setup is used and pO-Persistent 65
is absent, apply the value of p0-NominalPUSCH for

pO-Nominal PUSCH-Persistent. If uplink power control
subframe sets are configured by tpe-SubframeSet, this field
applies for uplink power control subframe set 1.
pO-Nominal PUSCH-PersistentSubframeSet2

Parameter: Pp yoamnvar  pusce (0). See TS 36.213 [23, 5.1.1.1],
unit dBm step 1. This field is applicable for persistent
scheduling, only. If pO-PersistentSubframeSet2-r12 is not
configured, apply the value of p0-NominalPUSCH-SubframeSet2-
r12 for pO-Nominal PUSCH-PersistentSubframeSet2. E-UTRAN
configures this field only if uplink power control subframe

sets are configured by tpc-SubframeSet, in which case this

field applies for uplink power control subframe set 2.
pO-UE-PUSCH-Persistent

Parameter: Py 1z pusce (0). See TS 36.213 [23, 5.1.1.1], unit
dB. This field is applicable for persistent scheduling,

only. If choice setup is used and pO-Persistent is absent,

apply the value of p0-UE-PUSCH for p0-UE-PUSCH-Persistent.
If uplink power control subframe sets are configured by
tpe-SubframeSet, this field applies for uplink power

control subframe set 1.
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-continued

SPS-Config field descriptions

pO-UE-PUSCH-PersistentSubframeSet2

Parameter: Pp_ 1z puscy (0). See TS 36.213 [23, 5.1.1.1], unit
dB. This field is applicable for persistent scheduling,

only. If pO-PersistentSubframeSet2-r12 is not configured,

apply the value of pO-UE-PUSCH-SubframeSet2 for
pO-UE-PUSCH-PersistentSubframeSet2. E-UTRAN configures
this field only if uplink power control subframe sets are
configured by tpe-SubframeSet, in which case this field

applies for uplink power control subframe set 2.
semiPersistSchedC-RNTI

Semi-persistent Scheduling C-RNTI, see TS 36.321 [6].
semiPersistSchedInterval DL

Semi-persistent scheduling interval in downlink, see

TS 36.321 [6]. Value in number of sub-frames. Value sf10
corresponds to 10 sub-frames, sf20 corresponds to 20
sub-frames and so on. For TDD, the UE shall round this
parameter down to the nearest integer (of 10 sub-frames),
e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds
to 30 sub-frames, sf128 corresponds to 120 sub-frames.
semiPersistSchedInterval UL

Semi-persistent scheduling interval in uplink, see

TS 36.321 [6]. Value in number of sub-frames. Value sf10
corresponds to 10 sub-frames, sf20 corresponds to 20
sub-frames and so on. For TDD, the UE shall round this
parameter down to the nearest integer (of 10 sub-frames),
e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds
to 30 sub-frames, sf128 corresponds to 120 sub-frames.
twolntervalsConfig

Trigger of two-intervals-Semi-Persistent Scheduling in
uplink. See TS 36.321 [6, 5.10]. If this field is present,
two-intervals-SPS is enabled for uplink. Otherwise,
two-intervals-SPS is disabled.

Conditional presence Explanation

TDD This field is optional present for TDD, need
OR; it is not present for FDD and the UE

shall delete any existing value for this field.

Some UEs are capable of transmitting PUSCH (Physical
Uplink Shared Channel) and PUCCH (Physical Uplink
Control Channel) simultaneously, and some UEs are not
capable of transmitting PUSCH and PUCCH simultane-
ously. Such capability would be reported to eNB (evolved
Node B) so that eNB could decide whether to configure this
functionality or not. Even if UE support this feature, eNB
may decide not to configure this function if the channel
condition of the UE is poor, as to transmit both channel
simultaneously is more power consuming. In such case, the
UE maximum transmission power may not guarantee proper
power level for each channel. UE may decide which channel
to transmit UCI (Uplink Control Information) with depend-
ing on whether PUSCH and PUCCH simultaneously is
configured or not.

Section 10.1 of 3GPP 36.213 v12.5.0 states:

10.1 UE Procedure for Determining Physical Uplink Control
Channel Assignment

If the UE is configured for a single serving cell and is not
configured for simultaneous PUSCH and PUCCH transmis-
sions, then in subframe n uplink control information (UCI)
shall be transmitted

on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is

not transmitting PUSCH

on PUSCH if the UE is transmitting PUSCH in subframe

n unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of
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the same transport block as part of the contention based
random access procedure, in which case UCI is not
transmitted
If the UE is configured for a single serving cell and simul-
taneous PUSCH and PUCCH transmission, then in subframe
n UCI shall be transmitted
on PUCCH using format 1/1a/1b/3 if the UCI consists
only of HARQ-ACK and/or SR
on PUCCH using format 2 if the UCI consists only of
periodic CSI
on PUCCH using format 2/2a/2b/3 if the UCI consists of
periodic CSI and HARQ-ACK and if the UE is not
transmitting PUSCH
on PUCCH and PUSCH if the UCI consists of HARQ-
ACK/HARQ-ACK+SR/positive SR and periodic/ape-
riodic CSI and if the UE is transmitting PUSCH in
subframe n, in which case the HARQ-ACK/HARQ-
ACK+SR/positive SR is transmitted on PUCCH using
format 1/1a/1b/3 and the periodic/aperiodic CSI trans-
mitted on PUSCH unless the PUSCH transmission
corresponds to a Random Access Response Grant or a
retransmission of the same transport block as part of the
contention based random access procedure, in which
case periodic/aperiodic CSI is not transmitted
For a UE with poor channel condition, such as in cell
edge, it is possible to configure HARQ-ACK (Hybrid Auto-
matic Repeat Request Acknowledgement) repetition to
improve the HARQ-ACK feedback reliability by repeating
the transmission of ACK/NACK (Acknowledgement/Nega-
tive Acknowledgement) multiple times. Under such situa-
tion, the HARQ-ACK would be transmitted on PUCCH
without multiplexed onto other channel, e.g., PUSCH, to
enjoy the combining gain of repetition across subframes, as
some of the repetitions would occur on the same resource
and joint demodulation/channel estimation is possible.
Section 10.2 of 3GPP 36.213 v12.5.0 states:
10.2 Uplink HARQ-ACK Timing
For TDD or for FDD-TDD and primary cell frame structure
type 2 or for FDD-TDD and primary cell frame structure
type 1, if a UE configured with EIMTA-MainConfigServ-
Cell-r12 for a serving cell, “UL/DL configuration” of the
serving cell in subclause 10.2 refers to the UL/DL configu-
ration given by the parameter eimta-HARQ-ReferenceCon-
fig-r12 for the serving cell unless specified otherwise.
For FDD or for FDD-TDD and primary cell frame structure
type 1, the UE shall upon detection of a PDSCH transmis-
sion in subframe n—4 intended for the UE and for which an
HARQ-ACK shall be provided, transmit the HARQ-ACK
response in subframe n. If HARQ-ACK repetition is
enabled, upon detection of a PDSCH transmission in sub-
frame n-4 intended for the UE and for which HARQ-ACK
response shall be provided, and if the UE is not repeating the
transmission of any HARQ-ACK in subframe n correspond-
ing to a PDSCH transmission in subframes
n-N_ygep=3; - - -, n=5, the UE:
shall transmit only the HARQ-ACK response (corre-
sponding to the detected PDSCH transmission in sub-
frame n-4) on PUCCH in subframes n, n+l, . . .,
0+N g op—13
shall not transmit any other signal/channel in subframes n,
n+l, ..., 04N e, ~1; and
shall not transmit any HARQ-ACK response repetitions
corresponding to any detected PDSCH transmission in
subframes n-3, . . . , n+N g, =5
<...>
For TDD, if HARQ-ACK repetition is enabled, upon detec-
tion of a PDSCH transmission within subframe(s) n-k,
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where Ice K and K is defined in Table 10.1.3.1-1 intended
for the UE and for which HARQ-ACK response shall be
provided, and if the UE is not repeating the transmission of
any HARQ-ACK in subframe n corresponding to a PDSCH
transmission in a downlink or special subframe earlier than
subframe n-k, the UE:
shall transmit only the HARQ-ACK response (corre-
sponding to the detected PDSCH transmission in sub-
frame n-k) on PUCCH in UL subframe n and the next
N ngep—1 UL subframes denoted as n,, . . ., 0y N v
shall not transmit any other signal/channel in UL sub-
frame n, ny, . .., 0y ;3 and
shall not transmit any HAPRQ ACK response repetltlons
corresponding to any detected PDSCH transmission in
subframes n,-k, where k€K,, K, is the set defined in
Table 10.1.3.1-1 corresponding to UL subframe n,, and
1=i=N vreo—1.
3GPP TS 36.212 v13.0.0 describes how physical layer
process a transport block from MAC layer and how to
multiplex uplink control information as follows:
5.2 Uplink Transport Channels and Control Information
Ifthe UE is configured with a Master Cell Group (MCG) and
Secondary Cell Group (SCG) [6], the procedures described
in this clause are applied to the MCG and SCG, respectively.
When the procedures are applied to a SCG, the term primary
cell refers to the primary SCell (PSCell) of the SCG.
If the UE is configured with a PUCCH SCell [6], the
procedures described in this clause are applied to the group
of DL cells associated with the primary cell and the group
of DL cells associated with the PUCCH SCell, respectively.
When the procedures are applied to the group of DL cells
associated with the PUCCH SCell, the term primary cell
refers to the PUCCH SCell.
If the UE is configured with a LAA SCell, the procedures
described in this clause are applied assuming the LAA SCell
is an FDD SCell.
5.2.1 Random Access Channel
The sequence index for the random access channel is
received from higher layers and is processed according to
[2].
5.2.2 Uplink Shared Channel
Figure 5.2.2-1 shows the processing structure for the UL-
SCH transport channel on one UL cell. Data arrives to the
coding unit in the form of a maximum of two transport
blocks every transmission time interval (TTI) per UL cell.
The following coding steps can be identified for each
transport block of an UL cell:
Add CRC to the transport block
Code block segmentation and code block CRC attach-
ment
Channel coding of data and control information
Rate matching
Code block concatenation
Multiplexing of data and control information
Channel interleaver
The coding steps for one UL-SCH transport block are shown
in the figure below. The same general processing applies for
each UL-SCH transport block on each UL cell with restric-
tions as specified in [3].
[Figure 5.2.2-1 of 3GPP TS 36.212 v13.0.0, Entitled “Trans-
port Block Processing for UL-SCH” is Reproduced as FIG.
6]
5.2.2.1 Transport Block CRC Attachment
Error detection is provided on each UL-SCH transport block
through a Cyclic Redundancy Check (CRC).
The entire transport block is used to calculate the CRC parity
bits. Denote the bits in a transport block delivered to layer
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1 by ay, ay, a,, as, . . ., a,_;, and the parity bits by p,, p;,
P2 Pss - - - » Pr;» A is the size of the transport block and L
is the number of parity bits. The lowest order information bit
a, is mapped to the most significant bit of the transport block
as defined in section 6.1.1 of [5].
The parity bits are computed and attached to the UL-SCH
transport block according to section 5.1.1 setting L to 24 bits
and using the generator polynomial g zs4,(D).
5.2.2.2 Code Block Segmentation and Code Block CRC
Attachment
The bits input to the code block segmentation are denoted by
by, by, by, bs, ..., by | where B is the number of bits in the
transport block (including CRC).
Code block segmentation and code block CRC attachment
are performed according to section 5.1.2.
The bits after code block segmentation are denoted by c,,
Cp15 €25 Cp35 - - - 5 Cpize 1y, Where 1 is the code block number
and K, is the number of bits for code block number r.
5.2.2.3 Channel Coding of UL-SCH
Code blocks are delivered to the channel coding block. The
bits in a code block are denoted by c,,, €, €25 Cr35 « - - 5
C,x._1y Where r is the code block number, and K, is the
number of bits in code block number r. The total number of
code blocks is denoted by C and each code block is
individually turbo encoded according to section 5.1.3.2.
After encoding the bits are denoted by d,,, d,,%, d,,%,
ds?, ..., d, ", with i=0, 1, and 2 and where D, is the
number of bits on the i-th coded stream for code block
number 1, i.e. D,=K +4.
5.2.2.4 Rate Matching
Turbo coded blocks are delivered to the rate matching block.
They are denoted by d,,®, d,,, d,,®, d.,, ..., d,, 1,
with i=0, 1, and 2, and where r is the code block nun{ber, i
is the coded stream index, and D, is the number of bits in
each coded stream of code block number r. The total number
of code blocks is denoted by C and each coded block is
individually rate matched according to section 5.1.4.1.
After rate matching, the bits are denoted by e,,, e,;,
€,2, €3, - - - €51y Where ris the coded block number, and
where E, is the number of rate matched bits for code block
number r.
5.2.2.5 Code Block Concatenation
The bits input to the code block concatenation block are
denoted by €00 €15 €20 €35 - - 5 Gy forr=0,...,C-1
and where E, is the number of rate matched bits for the r-th
code block.
Code block concatenation is performed according to section
5.1.5.
The bits after code block concatenation are denoted by 1, f;,
f,, f, . .., f5_, where G is the total number of coded bits
for transmission of the given transport block over N trans-
mission layers excluding the bits used for control transmis-
sion, when control information is multiplexed with the
UL-SCH transmission.

5.2.2.6 Channel Coding of Control Information

Control data arrives at the coding unit in the form of
channel quality information (CQI and/or PMI), HARQ-
ACK and rank indication, and CSI-RS resource indication
(CRI). Different coding rates for the control information are
achieved by allocating different number of coded symbols
for its transmission. When control data are transmitted in the
PUSCH, the channel coding for HARQ-ACK, rank indica-
tion, CRI and channel quality information og, 0, 05, . . .,
0,.; 1s done independently.
For the cases with TDD primary cell, the number of HARQ-
ACK bits is determined as described in section 7.3 of [3].
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When the UE transmits HARQ-ACK bits, rank indicator bits
or CRI bits, it shall determine the number of coded modu-
lation symbols per layer Q' for HARQ-ACK, rank indicator
or CRI bits as follows.

For the case when only one transport block is transmitted in
the PUSCH conveying the HARQ-ACK bits, rank indicator
bits or CRI bits:

PUSCH-initial | \yPUSCH-initial  aPUSCH
O0-Mg, 'nymb .

20

where

O is the number of HARQ-ACK bits, rank indicator bits
or CRI bits, and

QO if 0=2. Q,,[20/Q,] if 3=0=11 with Q,,
@Q,', Q,2 where Q,*, x={1,2} is the modulation
order of transport block “x”, and Q',,,=[20,/Q", ]+
[20,/Q" 1 if O>11 with 0,=[0/2] and 0,~0-[0/2].

M, FUscHminal) x_11 2} are the scheduled bandwidths

’ . offset
Q' =mi 1 L4 M 10 for PUSCH transmission in the initial sub-frame for the
20 e first and second transport block, respectively, expressed
as a number of subcarriers in [2], and
where PUSCH-initial(x) o _
. . . . N x={1,2} are the number of
- symb El s
o loithllé?s‘st)e;I?; HARQ-ACK bits, rank indicator bits 15 SC-FDMA symbols per subframe for initial PUSCH
M, FY%“H is the scheduled bandwidth for PUSCH trans- tr.ansmlsmgn for It\lrle ﬁf,%sig({nfszg)lf ;ralr\lrsportULb I?Ck
mission in the current sub-frame for the transport glvert = y symb 2 Nyymp ™ ==
block, expressed as a number of subcarriers in [2], and Nis™):x={1,2}, where
oy, Al g the number of SC-FDMA symbols Nzs™, x={1,2} is equal to 1
- . 20
per subit“rame fro‘tr nsltlalkPUSCH t;anslmlssw.n for t{)le if UE configured with one UL cell is configured to
Is\?me PU;?%?B%GZ: (2.(01\01 ’ ,ﬁfili‘;c_ 1vey), W%ll;zn y send PUSCH and SRS in the same subframe for
NsyMbis equal fo 1 symb SRS initial transmission, or
Sﬁ“SUE configured with one UL cell is configured to if UE transmits PUSCH and SRS in the same sub-
send PUSCH and SRS in the same subframe for 23 frame in the same serving cell for initial transmis-
initial transmission, or sion of transport block “x”, or
if UE transmits PUSCH .and SRS n th? same sqb- if the PUSCH resource allocation for initial trans-
frame in the same serving cell for initial transmis- mission of transport bock “x” even partially over-
sion, or
> laps with the cell-specific SRS subframe and
. . s 30
if glliessfi)glsce\iéeinoalgicailsugzillzgsfosviirﬁltltiletr::l?: bandwidth configuration defined in section 5.5.3
specific SRS subframe and bandwidth configura- of [2], or
tion defined in section 5.5.3 of [2], or if the subframe for initial tre.msmissi.on of transpprt
if the subframe for initial transmission in the same block “x” in the same serving cell is a UE-specific
serving cell is a UE-specific type-1 SRS subframe 33 type-1 SRS subframe as defined in Section 8.2 of
as defined in Section 8.2 of [3], or [3], or
if the subframe for initial transmission in the same if the subframe for initial transmission of transport
serving cell.ls a UE-spe01ﬁc type-0 SRS subframe block “x” in the same serving cell is a UE-specific
as defined in section 8.2 of [3] and the UE is . .
f 4 with multi 1' TAG: 40 type-0 SRS subframe as defined in section 8.2 of
o thel?vovlilseg;r © \ix;ltqu:ll ttépoe s [3] and the UE is configured with multiple TAGs.
SRS . = .
M, FUscH-mital "¢ and K, are obtained from the initial Otherwise Nz, x={1,2} is equal to 0.
PDCCH or EPDCCH for the same transport block. If M, FUscHnial - y—11 21 C®, x={12}, and K &,
there is no initial PDCCH or EPDCCH with DCI x={1,2} are obtained from the initial PDCCH or EPD-
fcormaé (I)(forh ﬂﬁ? ;an&e tran.spogtiiblock, M, FOSCHminal 43 CCH for the corresponding transport block.
1 :
, and K, shall be determined from For HARQ-ACK, Quer=Q, Q' and

the most recent semi-persistent scheduling assignment
PDCCH or EPDCCH, when the initial PUSCH for
the same transport block is semi-persistently sched-
uled, or,
the random access response grant for the same transport
block, when the PUSCH is initiated by the random
access response grant.
For the case when two transport blocks are transmitted in the
PUSCH conveying the HARQ-ACK bits, rank indicator bits
or CRI bits:

Q' = max[min(Ql,,,. 4- MEYSM), @)1 with

50

55

A PUSCH-initial(L)  pnyPUSCH-initial(1) PUSCH-iniial) PUSCH-initial(2) _
0-M Ny M, Ny

Bogser FUSCH_ =Bogser HARQ- ACk, where Q,, is the modulation
order of a given transport block. For UEs configured with no
more than five DL cells, f,,4,, HARQ-ACK shall be determined
according to [3] depending on the number of transmission
codewords for the corresponding PUSCH. For UEs config-
ured with more than five DL cells, 4., HARC-ACK ghall be
determined according to [3] depending on the number of
transmission codewords for the corresponding PUSCH and
the number of HARQ-ACK feedback bits.

PUSCH
offset

,
Qremp =

c)-1

PUSCH initial(1) NPUSCH initial(1)

symb symb

XV y
; ¢

PUSCH initial(2) NPUSCH xmnal(2)+ Z K(Z)

Samsung Exhibit 1001, Page 35 of 50
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-00614



US 10,187,878 B2

21

For rank indication or CRI, Qg =Q,, Q" Qz~Q,,, Q' and
Boﬁetp IR et > Where Q, is the modulation order of a
given transport block, and Boﬁe shall be determined
according to [3] depending on the number of transmission
codewords for the corresponding PUSCH, and on the uplink
power control subframe set for the corresponding PUSCH
when two uplink power control subframe sets are configured
by higher layers for the cell.

For HARQ-ACK

Each positive acknowledgement (ACK) is encoded as a
binary ‘1’ and each negative acknowledgement
(NACK) is encoded as a binary ‘0’

It HARQ-ACK feedback consists of 1-bit of information,
i.e., [0,%“%], it is first encoded according to Table
5.2.2.6-1.

If HARQ-ACK feedback consists of 2-bits of informa-
tion, i.e., [0,*F 0,4“%] with 0,2“% corresponding to
HARQ-ACK bit for codeword 0 and or 0,*“¥ corre-
sponding to that for codeword 1, or if HARQ-ACK
feedback consists of 2-bits of information as a result of
the aggregation of HARQ-ACK bits corresponding to
two DL cells with which the UE is configured by higher
layers, or if HARQ-ACK feedback consists of 2-bits of
information corresponding to two subframes for TDD,
it is first encoded according to Table 5.2.2.6-2 where
02ACK:(OOACK+01ACK)mOd 2.

[Table 5.2.2.6-1 of 3GPP TS 36.212 v13.0.0, Entitled

“Encoding of 1-Bit HARQ-ACK?”, is Reproduced as FIG. 7]

[Table 5.2.2.6-2 of 3GPP TS 36.212 v13.0.0, Entitled

“Encoding of 2-Bit HARQ-ACK?”, is Reproduced as FIG. 8]

If HARQ-ACK feedback consists of 3=0*“®<11 bits of
ACK bits corresponding to one or more DL cells with
which the UE is configured by higher layers, i.e., 0,%“%
GLACK § ACK &, K is obtained by using the bit
sequence 0,2% 0,4% . .. 0 ucx_ K as the input to
In turn, the bit sequence q;*“%, q,*“%, q,*%, .

ACK
bit sequence J,** §,4%, . .., §5,7° so that the total

If HARQ-ACK feedback consists of 11<0*“%<22 bits of

information as a result of the aggregation of HARQ-

information as a result of the aggregation of HARQ-
0,4%, 4K then a coded bit sequence
Yo Q-5 93

the channel coding block described in section 5.2.2.6.4.
Aot is obtained by the circular repetition of the
bit sequence length is equal to Q x-

ACK bits corresponding to one or more DL cells with
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22
which the UE is configured by higher layers, i.e., 0,%“%

olACK, e 0% then the coded bit sequence
I Pam P Y P %_1‘“ is obtained by
using the bit sequence o, ACK ye oo, Ogick_ 1K ag

the input to the channel coding block described in
section 5.2.2.6.5.

If HARQ-ACK feedback consists of O*“*>22 bits of
information as a result of the aggregation of HARQ-
ACK bits corresponding to one or more DL cells with
which the UE is configured by higher layers, the coded
bit sequence is denoted by q;*“%, q,4%,

Aot % The CRC attachment, channel coding and
rate matching of the HARQ-ACK bits are performed
according to sections 5.1.1 setting L to 8 bits, 5.1.3.1
and 5.1.4.2, respectively. The input bit sequence to the
CRC attachment operation is 0,*“% o<, .
0icx_ 2%, The output bit sequence of the CRC attach-
ment operation is the input bit sequence to the channel
coding operation. The output bit sequence of the chan-
nel coding operation is the input bit sequence to the rate
matching operation.
The “x” and “y” in Table 5.2.2.6-1 and 5.2.2.6-2 are place-
holders for [2] to scramble the HARQ-ACK bits in a way
that maximizes the Euclidean distance of the modulation
symbols carrying HARQ-ACK information.
For FDD or TDD HARQ-ACK multiplexing or the aggre-
gation of more than one DL cell including at least one cell
using FDD and at least one cell using TDD when HARQ-
ACK consists of one or two bits of inforrnation the bit
sequence q, %, q,4“%, ¢, *°%, . . K is obtained
by concatenation of multiple encoded HARQ -ACK blocks
where Q,x is the total number of coded bits for all the
encoded HARQ-ACK blocks. The last concatenation of the
encoded HARQ-ACK block may be partial so that the total
bit sequence length is equal to Q x-
For UEs configured by higher layers with codebooksizeDe-
terrnination-r13 =0, the bit sequence &, &4°%, . . .
8 cx_ K is determined according to the Downlink Assign-
ment Index (DAI) as in Table 5.3.3.1.1-2 and as defined in
[3]. Otherwise, the bit sequence 3,*“* 4%, . . .,
Sk K is determined as below.
For FDD when HARQ ACK consists of 2 or more bits of
information as a result of the aggregation of more than one
DL cell, the bit sequence 6,25 64X, . . .| 6 jucx_,““Fis the
result of the concatenation of HARQ-ACK bits for the

multiple DL cells according to the following pseudo-code:

Set ¢ = 0 - cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 - HARQ-ACK bit index

Set N, o1”"
; DL
while C <N__;,

if transmission mode configured in cell ¢ € {1,2,5,6,7} -

cell

to the number of cells configured by higher layers for the UE

1 bit HARQ-ACK feedback for this

54K = HARQ-ACK bit of this cell

=i+t
else

if the UE is not configured with spatial bundling on PUSCH by higher layers
6jACK = HARQ-ACK bit corresponding to the first codeword of this cell
=i+
6jACK = HARQ-ACK bit corresponding to the second codeword of this cell
=i+t

else

6jACK = binary AND operation of the HARQ-ACK bits corresponding to the first

and second codewords of this cell
j=j+1
end if

end if
c=c+1

end while
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For the aggregation of more than one DL cell including a
primary cell using FDD and at least one secondary cell using
TDD, the bit sequence 5,7% 6,4“%, . . .| 8§ ux_*“® is the
result of the concatenation of HARQ-ACK bits for one or
multiple DL cells. Define N__;,/”* as the number of cells
configured by higher layers for the UE and B_* as the
number of subframes for which the UE needs to feed back
HARQ-ACK bits in UL subframe n for the c-th serving cell.
For a cell using TDD, the subframes are determined by the
DL-reference UL/DL configuration if the UE is configured

24

with higher layer parameter eimta-HARQ-ReferenceConfig,
and determined by the UL/DL configuration otherwise. For
a cell using TDD, B, P*=1 if subframe n—4 in the cell is a DL
subframe or a special subframe with special subframe con-
figurations 1/2/3/4/6/7/8/9 and normal downlink CP or a
special subframe with special subframe configurations 1/2/
3/5/6/7 and extended downlink CP, and B_”*=0 otherwise.
For a cell using FDD, B_P*=1.

The bit sequence 8, ACK 3, ACK < 0 acx_ 4K
according to the followmg pseudo-code:

is performed

Set ¢ = 0 - cell index: lower indices correspond to lower RRC indices of corresponding cell
Set j = 0 - HARQ-ACK bit index
while ¢ < N.;.PF
ifBPL =1
if transmission mode configured in cell ¢ € {1,2,5,6,7} - 1 bit HARQ-ACK feedback
for this cell
64K = HARQ-ACK bit of this cell
=i+t
else
if the UE is not configured with spatial bundling on PUSCH by higher
layers
éjACK = HARQ-ACK bit corresponding to the first codeword of this
cell
=i+l
éjACK = HARQ-ACK bit corresponding to the second codeword of
this cell
j=j+1
else
éjACK = binary AND operation of the HARQ-ACK bits corresponding
to the first and second codewords of this cell
j=j+1

end if
end if
end if
c=c+1
end while
35
For the cases with TDD primary cell when HARQ-ACK is
for the aggregation of one or more DL cells and the UE is
configured with PUCCH format 3, PUCCH format 4 or
PUCCH format 5 [3], the bit sequence 8, &,4“%, .
a0 Do 4CE is the result of the concatenation of HARQ- _ACK

bits for the one or more DL cells configured by higher layers
and the multiple subframes as defined in [3]. Define N_,, -
as the number of cells configured by higher layers for the UE
and B_”% as the number of subframes for which the UE
needs to feed back HARQ-ACK bits as defined in Section
45 73 of [3].

The number of HARQ-ACK bits for the UE to convey if it
is configured with PUCCH format 3, PUCCH format 4 or
PUCCH format 5 is computed as follows:

Set k = 0 - counter of HARQ-ACK bits

Set ¢=0 - cell index lower indices correspond to lower RRC indices of corresponding cell

while ¢ <N,
set / =
while / < BCDL

if transmission mode configured in cell ¢ € {1,2,5,6,7} --

cells

1 bit HARQ-ACK feedback for this
cell
k=k+1
else
k=k+2
end if
/=/+1
end while
c=c+1

end while
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When PUCCH format 3 is configured, if k<20 when TDD is total number of coded bits for all the encoded HARQ-ACK
used in all the configured serving cell(s) of the UE, or if blocks. The last concatenation of the encoded HARQ-ACK

k=21 when FDD is used in at least one of the configured block may be partial so that the total bit sequence length is
serving cells with TDD primary cell; or when PUCCH equal to Q .. A scrambling sequence [w, <% w 1K w, 1K
format 4 or PUCCH format 5 is configured and when the UE 5 w,““%] is then selected from Table 5.2.2.6-A with index

is not configured with spatial bundling on PUSCH by higher =Ny, area—1)mod 4, where N,,...., is determined as
layers, the multiplexing of HARQ-ACK bits is performed described in section 7.3 of [3]. The bit sequence g,*“%,
according to the following pseudo-code: Q. 1k, L, Ao,cem % is then generated by setting

Set ¢ = 0 - cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj=0- HARQ -ACK bit index
while ¢ < N
set /=
while / < BCDL
if transmission mode configured in cell ¢ € {1,2,5,6,7} - 1 bit HARQ-ACK feedback for this
cell
éjACK = ocylACK HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
=i+t
else
[oACK O AK) = [OCQIACK,OCQHIACK] HARQ-ACK bits of this cell as defined in
Section 7.3 of [3]
j=j+2
end if
/=/+1
end while
c=c+1
end while

cel. ls

When PUCCH format 3 is configured, if k>20 when TDD is m=1 if HARQ-ACK consists of 1-bit and m=3 if HARQ-
used in all the configured serving cell(s) of the UE, or if ACK consists of 2- blts and then scrambling §;*“%, §,*“%,
k>21 when FDD is used in at least one of the configured quCK, B 5 1 X as follows

serving cells with TDD primary cell, spatial bundling is 3° e

applied to all subframes in all cells; or when PUCCH format

4 or PUCCH format 5 is configured and when the UE is Set ik to 0
configured with spatial bundling on PUSCH by higher while i < Qqex
layers, the multiplexing of HARQ-ACK bits is performed ifgA%=y // place-holder repetition bit

according to the following pseudo-code:

Set ¢ = 0 - cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj=0- HARQ -ACK bit index
while ¢ < N
set /=
while / < BCDL
if transmission mode configured in cell ¢ € {1,2,5,6,7} - 1 bit HARQ-ACK feedback
for this cell
éjACK = ocylACK HARQ-ACK bit of this cell as defined in Section 7.3 of [3]
j=j+1
else
5 ACK = 0, /1K binary AND operation of the HARQ-ACK bits corresponding
to the ﬁ_rst and second codewords of this cell as defined in Section 7.3 of

cel. ls

end while
c=c+1
end while

For o*“®<l11 or oACK>22 the bit sequence o0,4“% 3 —continued

0,4%, , Opack_ K is obtalned by setting 0,2“%=3; ACk

For ll<0ACK<22 0, % 02K ., 0pacx_| 4EK'is obtained oA

by  setting oi/zACK 5K if i is even and

04K 34 o1 /2™ 3, 2°% if 1 is odd.

For the cases with TDD primary cell when HARQ- -ACK is 60 else
for the aggregation of two DL cells and the UE is configured if 44K = x /I & place-holder bit
with PUCCH format 1b with channel selection, the bit ACK _ 5 ACK

sequence o1 04K | . .| ok 4K is obtained as & & .
described in section 7.3 of [3]. clse /1 coded bit
For TDD HARQ-ACK bundhng, a bit sequence ', 65 K = @

4,4, 441K, L G, “K is obtained by concatenation k= (k + Dmod4m

of multiple encoded HARQ -ACK blocks where Q , x is the

= @ 1" F + Wi FImod 2
= (k + 1)mod4m

+ Wik JA “Eymod2
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-continued

end if
i=1i+1
end while

[Table 5.2.2.6-A of 3GPP TS 36.212 v13.0.0, Entitled
“Scrambling Sequence Selection for TDD HARQ-ACK
Bundling”, is Reproduced as FIG. 9]

When HARQ-ACK information is to be multiplexed with
UL-SCH at a given PUSCH, the HARQ-ACK information
is multiplexed in all layers of all transport blocks of that
PUSCH, For a given transport block, the vector sequence
output of the channel coding for HARQ-ACK information is

denoted by g,*%, q,4%, . .. K where g%,

N > Yoryer-
i=0, ..., Q' ~x—1 are column vectors of length (Q,,N;) and
where Q' x=Q ,x/Q,, is obtained as follows:

Seti,kto 0

while 1 < Q ez
_ﬁlkACK = [inCK A qHQm,lACK] -- temporary row vector
Np
T ACK ~ACKT o
ﬂ;‘CK = L;‘CK ﬂ;‘CK] -- replicating the row vector

Q?CK N;. times and transposing into a

column vector

end while

where N, is the number of layers onto which the UL-SCH
transport block is mapped.

For rank indication (RI) (RI only, joint report of RI and il,
joint report of CRI and R1, joint report of CRI,RI and i1,joint
report of CRI,RI, and PTI, and joint report of RI and PTI)
or CRI

The corresponding bit widths for CRI feedback for
PDSCH transmissions are given by Tables 5.2.2.6.1-
3A, 5.2.2.6.2-3A, 52.2.6.3-3A, 52.3.3.1-3D,

The corresponding bit widths for RI feedback for PDSCH
transmissions are given by Tables 5.2.2.6.1-2,
522.6.2-3, 522.6.2-3B, 52.2.63-3, 5.2.2.6.3-3B,
5233.1-3, 523.3.1-3A, 5.233.1-3B, 5.2.3.3.1-3C,
5233.1-3D, 5.2.33.2-4, and 5.23.3.2-4A, 5233.2-
4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D which are determined
assuming the maximum number of layers as follows:
If the maxLayersMIMO-r10 is configured for the DL

cell, the maximum number of layers is determined

according to maxLayersMIMO-r10 for the DL cell
Else,

If the UE is configured with transmission mode 9,
and the supportedMIMO-CapabilityDL-r10 field
is included in the UE-EUTRA-Capability, the
maximum number of layers is determined accord-
ing to the minimum of the configured number of
CSI-RS ports and the maximum of the reported
UE downlink MIMO capabilities for the same
band in the corresponding band combination.

Ifthe UE is configured with transmission mode 9 and
Class B CSI reporting with K>1 and RI and CRI
are transmitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field is
included in the UE-EUTRA-Capability, the maxi-
mum number of layers is determined according to
the minimum of the maximum of number of
antenna port of the configured CSI-RS resources
and the maximum of the reported UE downlink
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MIMO capabilities for the same band in the cor-
responding band combination.

If the UE is configured with transmission mode 9,
and the supportedMIMO-CapabilityDL-r10 field
is not included in the UE-EUTRA-Capability, the
maximum number of layers is determined accord-
ing to the minimum of the configured number of
CSI-RS ports and ue-Category (without suffix).

Ifthe UE is configured with transmission mode 9 and
Class B CSI reporting with K>1 and RI and CRI
are transmitted in the same reporting instance, and
the supportedMIMO-CapabilityDL-r10 field is not
included in the UE-EUTRA-Capability, the maxi-
mum number of layers is determined according to
the minimum of the maximum of number of
antenna port of the configured CSI-RS resources
and ue-Category (without suffix).

If the UE is configured with transmission mode 10,
and the supportedMIMO-CapabilityDL-r10 field
is included in the UE-EUTRA-Capability, the
maximum number of layers for each CSI process
is determined according to the minimum of the
configured number of CSI-RS ports for that CSI
process and the maximum of the reported UE
downlink MIMO capabilities for the same band in
the corresponding band combination.

If the UE is configured with transmission mode 10
and Class B CSI reporting with K>1 and RI and
CRI are transmitted in the same reporting
instance, and the supportedMIMO-CapabilityDL.-
rl0 field is included in the UE-EUTRA-Capabil-
ity, the maximum number of layers for each CSI
process is determined according to the minimum
of the maximum of number of antenna port of the
configured CSI-RS resources in that CSI process
and the maximum of the reported UE downlink
MIMO capabilities for the same band in the cor-
responding band combination.

If the UE is configured with transmission mode 10,
and the supportedMIMO-CapabilityDL-r10 field
is not included in the UE-EUTRA-Capability, the
maximum number of layers for each CSI process
is determined according to the minimum of the
configured number of CSI-RS ports for that CSI
process and ue-Category (without suffix).

If the UE is configured with transmission mode 10
and Class B CSI reporting with K>1 and RI and
CRI are transmitted in the same reporting
instance, and the supportedMIMO-CapabilityDL.-
r10 field is not included in the UE-EUTRA-
Capability, the maximum number of layers for
each CSI process is determined according to the
minimum of the maximum of number of antenna
port of the configured CSI-RS resources in that
CSI process and ue-Category (without suffix).

Otherwise the maximum number of layers is deter-
mined according to the minimum of the number of
PBCH antenna ports and ue-Category (without
suffix).

If RI feedback consists of 1-bit of information, i.e., [os~],
it is first encoded according to Table 5.2.2.6-3. The
[0,%] to RI mapping is given by Table 5.2.2.6-5.

If RI feedback consists of 2-bits of information, i.e., [0,
0, %] with 0,%/ corresponding to MSB of 2-bit input and
0,% corresponding to LSB, it is first encoded according
to Table 5.2.2.6-4 where 0,"=(0;"+0,%)mod 2. The
[0, 0,%] to RI mapping is given by Table 5.2.2.6-6.

Samsung Exhibit 1001, Page 39 of 50

Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.

IPR2024-00614



US 10,187,878 B2

29
[Table 5.2.2.6-3 of 3GPP TS 36.212 v13.0.0, Entitled
“Encoding of 1-Bit RI”, is Reproduced as FIG. 10]
[Table 5.2.2.6-4 of 3GPP TS 36.212 v13.0.0, Entitled
“Encoding of 2-Bit RI”, is Reproduced as FIG. 11]
[Table 5.2.2.6-5 of 3GPP TS 36.212 v13.0.0, Entitled

30

transport block, the vector sequence output of the channel
coding for rank information is denoted by q,~, q,%/, . . .,
Ao, where g%, i=0, . . ., Q'z~1 are column vectors of
length (Q,,N;) and where Q',/~Qz/Q,.. The vector
sequence is obtained as follows:

“0,~" to RI Mapping”, is Reproduced as FIG. 12] Set i, i, k to 0
[Table 5.2.2.6-6 of 3GPP TS 36.212 v13.00, Bntitled  ypije i<,
«. RI | RI BT A
0y s 0, to RI Mapping”, is Reproduced as FIG. 13] a&=[q . . . q, RI__temporary row vector
[Table 5.2.2.6-7 of 3GPP TS 36.212 v13.0.0, Entitled ! ot
“0,™, 0, % 0,5 to RI Mapping”, is Reproduced as FIG. 14] 10
If RI feedback for a given DL cell consists of 3-bits of N
information, i.e., [0,% 0,57 0,%] with 0% correspond- ‘
ing to MSB of 3-bit input and 0,™ corresponding to g [glfl .T.glf’]r

LSB. The [0,
Table 5.2.2.6-7.
If RI feedback consists of 3=0%'<11 bits of information,

&I 0, to RI mapping is given by

15

—replicating the row vector §,%/ N, times and transposing

ie, [0, 0,%, ..., 0on_ ™, then a coded bit sequence into a column vector
[6.% 6.5, . . ., §3, %] is obtained by using the bit =+Q
RI . RI RF : e
sequence [0, 0,7, .. ., 0pr_; | as the input to the k=k+1
channel coding block described in section 5.2.2.6.4. 20 ond while

If RI feedback consists of 11=0%<22 bits of information
as a result of the aggregation of RI bits corresponding
to multiple DL cells or multiple CSI processes, i.e.,

where N, is the number of layers onto which the UL-SCH
transport block is mapped.
The same procedures for encoding of RI and RI multiplex-

RI RI RI :
[0% , 0Ly 0ot 1. then.the coded bit sequence, o with UL-SCH at a given PUSCH are applied for CRI,
Qo > % - - iqu is obtained by using the 25 ying CRI instead of RI in the equations.

bit sequence [0,% 0,5, ..., oprr_ ™ as the input to the
channel coding block described in section 5.2.2.6.5.
If RI feedback consists of O®>22 bits of information as
a result of the aggregation of RI bits corresponding to
multiple DL cells or multiple CSI processes, i.e., [0,
o™, . .., opr ™, then the coded bit sequence is
denoted by q,%, q,*% .~ . . ., qQerRI. The CRC
attachment, channel coding and rate matching of the
HARQ-ACK bits are performed according to sections

For channel quality control information (CQI and/or PMI
denoted as CQL/PMI);

When the UE transmits channel quality control information
bits, it shall determine the number of modulation coded
symbols per layer Q' for channel quality information as

PUSCH initial(x)  HPUSCH

5.1.1 setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respec- 35 , _ . (0 + L)- M) N Pogser

tively. The input bit sequence to the CRC attachment RS

operation is [0,™ 0,%, . . ., opr_~]. The output bit Z Kr

sequence of the CRC attachment operation is the input =

bit sequence to the channel coding operation. The

output bit sequence of the channel coding operation is 40

the input bit sequence to the rate matching operation. PUSCH N PUSCH 0%
The “x” and “y” in Table 5.2.2.6-3 and 5.2.2.6-4 are place- Msc ™" Nogmb o
holders for [2] to scramble the RI bits in a way that
maximizes the Euclidean distance of the modulation sym-
bols carrying rank information. 45
For the case where RI feedback for more than one DL cell where
is to be reported, the RI report for each DL cell is concat- O is the number of CQUPMI bits, and
enated prior to coding in increasing order of cell index. L is the number of CRC bits given by
For the case where RI feedback for more than one CSI
process is to be reported, the RI reports are concatenated 50
prior to coding first in increasing order of CSI process index 0 o<1l
for each DL cell and then in increasing order of cell index. = { 8 otherwise’
For the case where RI feedback consists of one or two bits
of information the bit sequence q,*/, q,*/, ¢,*/, ..., q 5, ™
is obtained by concatenation of multiple encoded RI blocks 55 and
where Q,, is the total number of coded bits for all the QCQ,:QM(’“)Q' and  Bp. B where
encoded RI blocks. The last concatenation of the encoded RI BoﬁetCQ shall be determined according to [3] depend-
block may be partial so that the total bit sequence length is ing on the number of transmission codewords for the
equal to Qg corresponding PUSCH, and on the uplink power con-
For the case where RI feedback consists of 3<0™<11 bits of 60 trol subframe set for the corresponding PUSCH when
information, the bit sequence q,*/, q,/, ¢,*/, . . ., qg, two uplink power control subframe sets are configured
is obtained by the circular repetition of the bit sequence ¢, by higher layers for the cell.
4,5, . .., §% so that the total bit sequence length is equal If RI or CRI is not transmitted then Q,,*=0.
to Qg The variable “x” in K, ™ represents the transport block index
When rank information is to be multiplexed with UL-SCH 65 corresponding to the highest I, value indicated by the

at a given PUSCH, the rank information is multiplexed in all
layers of all transport blocks of that PUSCH. For a given

initial UL grant. In case the two transport blocks have the
same I,,.c value in the corresponding initial UL grant,
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“x=17, which corresponds to the first transport block.
M, FUscHmiialx) - 0 and K, are obtained from the
initial PDCCH or EPDCCH for the same transport block. If
there is no initial PDCCH or EPDCCH with DCI format 0
for the same transport block, M, FrScH-nitall) @ apd

K,™ shall be determined from:
the most recent semi-persistent scheduling assignment
PDCCH or EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,
the random access response grant for the same transport
block, when the PUSCH is initiated by the random

access response grant.

N~ SCH141 is the number of SC-FDMA symbols per
subframe for initial PUSCH transmission for the same

10

15

32

The output sequence for the channel coding of channel
quality information is denoted by qu, q;, Qs 935 - - - »
En,-0pp-1» Where Ny is the number of layers the correspond-
ing UL-SCH transport block is mapped onto.

3GPP TS 36.212 v13.0.0 also states:
5.2.2.7 Data and Control Multiplexing
The control and data multiplexing is performed such that
HARQ-ACK information is present on both slots and is
mapped to resources around the demodulation reference
signals. In addition, the multiplexing ensures that control
and data information are mapped to different modulation
symbols.
The inputs to the data and control multiplexing are the coded
bits of the control information denoted by q,, q,,

transport block. U 93 - - 5 DvpQeprt and the coded bits of the UL-SCH
For UL-SCH data information G=N,®- denoted by f, f}, £5, 5, . . . , f5_;. The output of the data and
(Nyy” PHM, I Q, D-Q o~ Qp,™), where control multiplexing operation is denoted by g,
N, is the number of layers the corresponding UL-SCH 215 Zo> &35 - - - 5 Eprey, Where H=(G+N, Q) and H'=H/
transport block is mapped onto, and 20 (N;-Q,,), and where g,, i=0, . . ., H'-1 are column vectors

M, FY5“H i5 the scheduled bandwidth for PUSCH trans-
mission in the current sub-frame for the transport
block, and
Nsymbp USCH s the number of SC-FDMA symbols in the
current PUSCH ftransmission sub-frame given by
NsymZJP[JSCE,:(2 .(NsymbUL_ 1 )_NSRS)B where
Ngzs 1s equal to 1
if UE configured with one UL cell is configured to
send PUSCH and SRS in the same subframe for
initial transmission, or
if UE transmits PUSCH and SRS in the same sub-
frame for the current subframe in the same serving
cell, or
if the PUSCH resource allocation for the current
subframe even partially overlaps with the cell-
specific SRS subframe and bandwidth configura-
tion defined in section 5.5.3 of [2], or
if the current subframe in the same serving cell is a
UE-specific type-1 SRS subframe as defined in

25
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of length (Q, N;). H is the total number of coded bits
allocated for UL-SCH data and CQI/PMI information across
the N, transmission layers of the transport block.

In case where more than one UL-SCH transport block are
transmitted in a subframe of an UL cell, the CQL/PMI
information is multiplexed with data only on the UL-SCH
transport block with highest I, value on the initial grant.
In case the two transport blocks have the same I, value in
the corresponding initial UL grant, the CQI/PMI information
is multiplexed with data only on the first transport block. For
that UL-SCH transport block or in the case of single
transport block transmission, and assuming that N; is the
number of layers onto which the UL-SCH transport block is
mapped, the control information and the data shall be
multiplexed as follows:

Seti,j,kto0
while j < Nz.Qcgy - first place the control information

Section 8.2 of [3], or 40 =19 - Gany0,1]"
if the current subframe in the same serving cell is a i=j+ N Q,
UE-specific type-0 SRS subframe as defined in eng :vlﬁlzl
section 8.2 of [3] and the UE is configured with while i < G - then place the data
multiple TAGs. & =[f - T agal”
Otherwise Ny is equal to 0. 45 i=i4Q, "Ny
In case of CQI/PMI report for more than one DL cell, oy, 04, end é:hjl ek +1

0,, . . ., 0p; 1s the result of concatenating the CQI/PMI
report for each DL cell in increasing order of cell index. For
the case where CQI/PMI feedback for more than one CSI
process is to be reported, 0y, 0, 05, . . ., 0p_; is the result
of concatenating the CQI/PMI reports in increasing order of
CSI process index for each DL cell and then in increasing
order of cell index.
If the payload size is less than or equal to 11 bits, the
channel coding of the channel quality information is
performed according to section 5.2.2.6.4 with input

sequence Og, Oy, O,, - . . , O ;-

50

55

5.2.2.8 Channel Interleaver

The channel interleaver described in this section in conjunc-
tion with the resource element mapping for PUSCH in [2]
implements a time-first mapping of modulation symbols
onto the transmit waveform while ensuring that the HARQ-
ACK and RI information are present on both slots in the
subframe. HARQ-ACK information is mapped to resources
around the uplink demodulation reference signals while RI
information is mapped to resources around those used by

For payload sizes greater than 11 bits, the CRC attach- HARQ-ACK.
ment, channel coding and rate matching of the channel The input to the channel interleaver are denoted by g,
quality information is performed according to sections 60 g, €, . . -, L1 Do 45 B s - - -5 S ®and g, 4%,
5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit  q,*“*, g,**, ..., a5, ;¥ Incase where more than one

sequence to the CRC attachment operation is o,
0, 0,5, . . ., 05_;. The output bit sequence of the CRC
attachment operation is the input bit sequence to the
channel coding operation. The output bit sequence of
the channel coding operation is the input bit sequence
to the rate matching operation.

UL-SCH transport block are transmitted in a subframe of an
UL cell, the HARQ-ACK and RI information are multi-
plexed with data on both UL-SCH transport blocks.

The number of modulation symbols per layer in the sub-
frame is given by H', ,,~H'+Q'x; The output bit sequence
from the channel interleaver is derived as follows:
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(1) Assign Cmax:NSymbP USCH 1o be the number of col- -continued
umns of the matrix. The columns of the matrix are
numbered 0, 1, 2, . . ., C,,,—1 from left to right. Do Cereac = G
Nsymbp USCH {5 determined according to section 5.2.2.6. ;ZIR:; S 1 Li4)

(2) The number of rows of the matrix is R, = 3 i =(j + 3)mod4
(i Q,NYC,,.. and we define R, =R,/ end while
The rows of the rectangular matrix are numbered 0, 1, Where ColumnSet is given in Table 5.2.2.8-2 and

2, ..., R, 1 from top to bottom. 0 indexed left to right from O to 3.

(3) If rank information is transmitted in this subframe, the (6) The output of the block interleaver is the bit sequence
vector sequence QQRI’ QIRI’ 9", ’QQ’Rz—lRlis written read out column by column from the (R,,,.xC,,...)
S::Ittso g?e(éolli\rml)lsrgégf?::iiﬁy 11:?3115 tshfz %ai; l;oa\;ldaﬁg matrix. The bits after channel interleaving are denoted
moving upW\lvarLds according t% the following pseudo- by o, by, b, .. hH+NL.'QRJ_ - where N, is the numbe.:r

15 of layers the corresponding UL-SCH transport block is
code. mapped onto.
[Table 5.2.2.8-1 of 3GPP TS 36.212 v13.0.0, Entitled
Set i, j to 0. “Column Set for Insertion of Rank Information”, is Repro-
Setrto R, -1 duced as FIG. 15]
while i_<c %w S 20 [Table 5.2.2.8-2 of 3GPP TS 36.212 v13.0.0, Entitled
;fc_ ° un:ng; ) “Column Set for Insertion of HARQ-ACK Information”, is
A Reproduced as FIG. 16]
r=R,, -1-]iM4] The same channel interleaver procedures for RI are applied
en-(ii ;gﬂ’; 3mod4 for CRI, using CRI instead of RI in the equations.

25 3GPP TS 36.212 v13.0.0 also states:

5.2.4 Uplink Control Information on PUSCH without UL-
Where ColumnSet is given in Table 5.2.2.8-1 and SCH Data

indexed left to right from 0 to 3. When control data are sent via PUSCH without UL-SCH
(4) Write the input vector sequence, fork=0, 1, ..., H'-1, data, the following coding steps can be identified:
into the (R, *xC,, ) matrix by sets of (Q,'N;) rows 30  Channel coding of control information
starting with the vector y, in column O and rows 0 to Control information mapping
(Q,'N;-1) and skipping the matrix entries that are Channel interleaver
already occupied: 5.2.4.1 Channel Coding of Control Information

Control data arrives at the coding unit in the form of channel
35 quality information (CQI and/or PMI), HARQ-ACK and

Y, Y, Y, Yo rank indication. Different coding rates for the control infor-

y y y ey mation are achieved by allocating different number of coded
e “Omaxtl TOmaxt? “Cmaxt symbols for its transmission. When the UE transmits

: HARQ-ACK bits or rank indicator bits, it shall determine

Y xCmar R kOl ROtz LR xCnany | 40 the number of coded symbols Q' for HARQ-ACK or rank

indicator as

The pseudocode is as follows:

PUSCH PUSCH PUSCH
Set i, k to 0.
while k < H',
lfif gj {assigned to RI symbols where O is the number of HARQ-ACK bits as defined in
k=k+1 section 5.2.2.6, or rank indicator bits, O p 18 the num-
end if 50 ber of CQI bits including CRC bits assuming rank equals to
en; ;i:lle 1 for all serving cells for which an aperiodic CSI report is

triggered [3], M, ZY°“# is the scheduled bandwidth for

PUSCH transmission in the current subframe expressed as a
(5) If HARQ-ACK information is transmitted in this number of subcarriers in [2], and N__, %5 is the number

symb

suEng?me, the Veci%rK _sequence " 4* ™, 55 of SC-FDMA symbols in the current

S s Yot is written onto the columns PUSCH transmission sub frame given by N, ~“°“"=
indicated by Table 5.2.2.8-2, and by sets of (Q,,'N;) (2:(N,p"*~1)~Nigs), Where Nz is equal to 1 if UE is
rows starting from the last row and moving upwards configured to send PUSCH and SRS in the same subframe
according to the following pseudo-code. Note that this for the current subframe, or if the PUSCH resource alloca-
operation overwrites some of the channel interleaver 6o tion for the current subframe even partially overlaps with the
entries obtained in step (4). cell-specific SRS subframe and bandwidth configuration

defined in section 5.5.3 of [2], or if the current subframe is

a UE-specific type-1 SRS subframe as defined in Section 8.2

ZZI i tjot?{o' fq of [3], or if the current subframe is a UE-specific type-0 SRS

while i < Q geg 65 subframe as defined in section 8.2 of [3] and the UE is

4cx = ColumnSet(j) configured with multiple TAGs. Otherwise N is equal to
0.
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For HARQ-ACK information Q,=Q, Q" and type of SPS may be separated from the resource configured
[Bogser. =B opes B I eer” '] For UEs configured by the legacy SPS (with longer interval) or jointly used.

with no more than five DL cells Bogoed “REE shall be
determined according to [3]. For UEs configured with more
than five DL cells, Bz, "9 ““* shall be determined
according to [3] depending on the number of HARQ-ACK
feedback bits.

For rank indication or CRI, Qx~Q,,Q', Qz~Q,, Q" and

In addition, it is also mentioned in 3GPP RP-150310 that
the requirement of sending padding when there is UL
resource but no data is in buffer can be removed. The
intention of removing the requirement is to save battery
power.

Based on 3GPP TS 36.213 v12.5.0, when a physical

PUSCH_ 37 cor h R pall b control information (such as channel quality indicator
[Boger Pors o Pogier =1 where Boge ™ shall be 10 (CQI), Precoding Matrix Index (PMI), Rank Indicator (RI),
determined according to [3]. . .

. . and/or HARQ feedback) needs to be transmitted in a TTI, a
For CQI and/or PMI information . . . . .
Qeor N PUSCH\f PUSCH.(y _() UE should transmit the physical control information via
sym sC m QR .

The channel coding and rate matching of the control data is
performed according to section 5.2.2.6. The coded output
sequence for channel quality information is denoted by qq,
Qs 925 95 - - -5 Do 10 the coded vector sequence output for
HARQ-ACK is denoted by q;1%, q,*%, q,*%, . . .,

4<% and the coded vector sequence output for rank

9orcx-1 Rl
indication or CRI, is denoted by q,~, q,*% q.~, . . .,

9 _ RI

5.2?4.2 Control Information Mapping

The input are the coded bits of the channel quality infor-
mation denoted by dg, q;s 925 3 - - - » Qo1+ L€ OULPUL is
denoted by g5, £, 25, L3 - - - » Lz gs nglere H=Q; and
H'=H/Q,,, and where g, i=0, . . . , H'-1 are column vectors
of length Q,,. H is the total number of coded bits allocated
for CQI/PMI information.

The control information shall be mapped as follows:

20

30

either PUSCH or PUCCH. Traditionally, if an uplink grant
for PUSCH is not available or the UE is allowed to perform
transmission on PUCCH and PUSCH simultaneously, the
physical control information is transmitted on PUCCH. If
HARQ-ACK repetition is not configured, an uplink grant for
PUSCH is available, and the UE is not allowed to perform
transmission on PUCCH and PUSCH simultaneously (e.g.,
due to UE capability, UE power limitation, or eNB configu-
ration), the physical control information is transmitted on
PUSCH multiplexed with upper layer data (e.g., MAC
PDU). If HARQ-ACK repetition is not configured and an
uplink grant for PUSCH is available, the physical control
information is transmitted on PUCCH and data is not
transmitted, irrespective of whether the UE is allowed to
perform transmission on PUCCH and PUSCH simultane-
ously or not. Note that the UE which is configured with
HARQ-ACK repetition is reasonably not allowed to perform
transmission on PUCCH and PUSCH simultaneously, given
transmitting PUCCH and PUSCH simultaneously require

xsrvehtlfei{iog proper channel quality and are usually configured for cell
=19 Cg1,1+gm JF center UEs.
=i+ Qu Three following scenarios are considered:
k=k+1 35 Scenario 1—

end while

5.2.4.3 Channel Interleaver
The vector sequences 2os 15 2o,

0: 81> Bo> - KgH 1 90 > 91 15
9" 5"'59QR1—1 and g,

P PR EbA O

are channel interleaved according section 5 2 2 8. The bits
after channel interleaving are denoted by hy, h;, h,, . . .,
hH+Qm—1'

Semi-persistent scheduling enables a UE to consider a
configured uplink grant occurs periodically after it is initi-
ated. It may be initiated by receiving a network signaling to
initiate SPS (Semi-Persistent Scheduling). No network sig-
naling is needed to allocate the following configured uplink
grant after SPS is initiated. Based on 3GPP RP-150310, fast
uplink access may be achieved by a specific type of SPS.
The specific type of SPS is assumed to be with small size and
short interval, for example, less than 10 ms.

Further, the specific type of SPS is assumed to be pre-
allocated. An eNB may allocate this kind of SPS resource to
a UE without receiving any scheduling request or buffer
status information. When the UE has data available for
transmission (as discussed in 3GPP TS 36.321 v12.5.0), the
UE can use resource configured by the SPS for uplink
transmission. Compared with requesting uplink resource via
scheduling request (as discussed in 3GPP TS 36.321
v12.5.0), the latency can then be reduced if the interval of
the resource configured by the SPS is short enough.

Figure 2 of 3GPP RP-150310 is reproduced as FIG. 17. In
general, FIG. 17 shows how pre-allocated uplink grant (such
as allocated by SPS) improves latency reduction compared
with scheduling request procedure specified in 3GPP TS
36.321 v12.5.0). The resource configured by the specific

45
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When a physical control information needs to be trans-
mitted in a TTIL, if a UE is unable to perform transmission on
PUCCH and PUSCH simultaneously and the UE has data
available for transmission, the UE traditionally multiplexes
the physical control information with the data and transmits
them on PUSCH jointly. However, if an assigned UL
resource for PUSCH is small (e.g., a pre-allocated config-
ured uplink resource which is assumed to be small), multi-
plexing the physical control information into PUSCH may
jeopardize the data delivery because coding rate of the data
may be worse than normal so that data transmission is likely
to fail. In addition, since network (e.g., eNB) may not know
whether the UE transmits the physical control information
on PUCCH or PUSCH which may depend on whether the
UE has data available for transmission or not, complexity of
decoding the UE transmission is increased.

Scenario 2—

When a physical control information needs to be trans-
mitted in a TTI, if a UE has data available for transmission
and simultaneous transmission on PUCCH and PUSCH is
enabled but the UE is not able to perform both transmissions
on a control channel (e.g., PUCCH) and a data channel (e.g.,
PUSCH) with sufficient power, traditionally the UE priori-
tizes PUCCH transmission over PUSCH transmission. How-
ever, the data on PUSCH may not be transmitted in this TTI,
or less power is used on PUSCH so that the PUSCH
transmission is likely to fail.

Scenario 3—

If a UE does not have data available for transmission in
a TTI, the UE would skip configured UL grant or dynamic
uplink grant in that TTI. Thus, if the UE needs to transmit
UCI (Uplink Control Information) in the TTI, UE would
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transmit the UCI on the PUCCH. However, if there is more
than one UCI to be transmitted in one TTI, PUCCH may not
be a good candidate to carry the UCI as it has limited
capacity and the UE may require to drop some of the UCI
mentioned in the background. Also, the available resource
on PUCCH is limited and thus transmit the UCI on PUCCH
may not be very robust.

In general, a configured uplink grant is available periodi-
cally after it is initiated. The configured uplink grant is
initiated by a network signaling. No network signaling is
needed to allocate the following configured uplink grant
after it is initiated.

Unless specified otherwise, a UE may not use a config-
ured uplink grant if no data is available for transmission.
Unless specified otherwise, the UE may not transmit pad-
ding using the configured uplink grant. The period of the
configured uplink grant may be less than a specified value.
The specified value may be 10 ms or 10 TTIs. The period of
the configured uplink grant may be 1 ms or 1 TTI. The
period of the configured uplink grant may be 2 ms or 2 TTIs.
The period of the configured uplink grant may be 5 ms or 5
TTIs.

TTI length may be 1 ms, 0.5 ms, or several OFDM (or
SC-FDMA) symbol(s), e.g., 1, 2, 3, 4, 5, or 6 symbols.
Throughout the application, the method may be applied for
the case HARQ-ACK repetition is not configured, unless
otherwise specified. Furthermore, throughout the applica-
tion, a UE has data available for transmission may mean the
UE has UL data in the buffer. The UE has data available for
transmission may mean the UE has regular MAC control
element for transmission. Throughout the application, the
UE has data available for transmission may mean the UE has
UL data in the buffer and regular MAC control element for
transmission.

The configured uplink grant may be pre-allocated. A UE
may be allocated the configured uplink grant when no data
is available for transmission. The UE may be allocated the
configured uplink grant before the UE transmits a schedul-
ing request or a buffer status report.

To deal with Scenario 1, a solution is generally that when
a configured uplink grant is available and a physical control
information needs to be transmitted in a TTI, if a UE is
unable to perform transmission on a control channel and a
data channel simultaneously and the UE has data available
for transmission, the UE transmits the physical control
information on the control channel. Moreover, the UE does
not use the configured uplink grant for transmission on the
data channel. Examples are listed in FIG. 18 and FIG. 19.

To deal with Scenario 1, a second solution is generally
that when a configured uplink grant is available and a
physical control information needs to be transmitted in a
TTI, the UE would transmit the physical control information
on a control channel if HARQ-ACK repetition is not con-
figured and if the UE is unable to perform transmission on
the control channel and a data channel simultaneously and
the UE has data available for transmission. And if HARQ-
ACK repetition is configured and the UE has data available
for transmission, the UE would transmit the physical control
information on the control channel. Moreover, the UE does
not use the configured uplink grant for transmission on the
data channel.

To deal with Scenario 1, a third solution is to determine
which channel to transmit a physical control information in
a TTI according to an uplink grant on a data channel in the
TTI. In one embodiment, determining which channel to
transmit the physical control information is to determine to
transmit the physical control information on the data channel
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or on a control channel. Furthermore, the determination may
be different for different types of UCI, such as HARQ-ACK,
CQUPMI/RI, SR(Scheduling Request).

In one embodiment, determination is according to a type
of the uplink grant. In one example, uplink grant type can be
an uplink grant periodically available or an uplink grant for
a specific TTI. More specifically, determining based on
uplink grant type means to transmit a physical control
information on a control channel if the uplink grant is
periodically available, and to transmit the physical control
information on a data channel if the uplink grant is for the
specific TTI.

In one embodiment, determination is based on the pur-
pose of the uplink grant. An example of purpose is whether
the uplink grant is for latency reduction or not. The purpose
of'the uplink grant may be known according to an indication,
a configuration, a periodicity of the uplink grant, or an
identifier to address the uplink grant. For the example, if the
uplink grant is addressed by one RNTI (Radio Network
Temporary Identifier), the UE transmits a physical control
information on a control channel. If the uplink grant is
addressed by another RNTI, the UE transmits the physical
control information on a data channel.

In one embodiment, determination is based on the avail-
able resource of the uplink grant. More specifically, the
available resource of an uplink grant is a TTI length of the
uplink grant. Alternatively, the available resource of the
uplink grant is a number of PRB (pairs) of the uplink grant.
Alternatively, the available resource of the uplink grant is a
TTI length of the uplink grant and a number of PRB (pairs)
of'the uplink grant. In one example, if the available resource
of the uplink grant is less than a specific value, the UE
transmits the physical control information on a control
channel and if the available resource of the uplink grant is
more than a specific value, the UE transmits the physical
control information on a data channel. More specifically, the
specific value is fixed or configured for a UE. Alternatively,
the specific value is derived according to payload size or
amount of physical control information. Alternatively, the
specific value is derived according to a type of the physical
control information, e.g. HARQ-ACK/CQI/PMI/RI/SR
(Scheduling Request). Alternatively, the specific value is
derived according to a MCS (Modulation and Coding
Scheme) of the uplink grant. Furthermore, the specific value
is set to guarantee the code rate of the physical control
information if it is carried on the data channel.

If a UE behavior can be consistent no matter the UE has
data available or not (e.g., a physical control information is
transmitted on a control channel as listed in FIG. 19),
network decoding can be simplified because network does
not need to assume different UE behaviors.

To deal with Scenario 2, a solution is generally that when
a configured uplink grant is available and a physical control
information needs to be transmitted in a TTI, a UE would
transmit the physical control information on a data channel
if the UE has data available for transmission and simulta-
neous transmission on a control channel and the data chan-
nel is enabled but the UE is not able to perform both
transmissions on the control channel and the data channel
with sufficient power. The power-insufficient case may be
due to the sum of the computed power for the data channel
and the computed power for the control channel exceed the
maximum power of the UE.

More specifically, the UE multiplexes the physical control
information with data on the data channel. The UE uses the
configured uplink grant to transmit data on the data channel.
Moreover, when a configured uplink grant is available and
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no data is available for transmission, the UE does not use the
configured uplink grant for transmission on the data channel
(e.g., transmit padding) if no physical control information
needs to be transmitted in a TTI. Examples are listed in FIG.
18 and FIG. 20.

If a UE transmits a physical control information on a data
channel and does not transmit it on a control channel, more
power can be used on a data channel transmission and the
data channel transmission may be more likely to succeed.
On the other hand, if more than one physical control
information needs to be transmitted in a TTI, some of the
physical control information may be dropped due to the
control channel configuration if the UE prioritizes the con-
trol channel transmission. Transmitting the physical control
information on the data channel allows all physical control
information to be transmitted.

To deal with Scenario 3, a solution is generally that a UE
determines whether to skip a configured uplink grant or to
skip a dynamic grant in a TTI according to whether a
physical control information needs to be transmitted in the
TTI or not. For example, when a configured uplink grant is
available and if the UE does not have data available for
transmission, if the physical control information needs to be
transmitted in a TTI, the UE transmits the physical control
information on a data channel. If no physical control infor-
mation needs to be transmitted in a TTI, the UE skips the
configured uplink grant.

In one embodiment, the UE skipping the configured
uplink grant means that the UE does not perform transmis-
sion on a data channel. In another embodiment, the UE
transmits a physical control information on the data channel
with a transport block comprise padding (or padding MAC
control element). More specifically, physical layer in the UE
would indicate whether the physical control information
needs to be transmitted in the TTI or not to MAC layer, so
that MAC layer could decide whether to skip the grant.
Alternatively, the UE transmits the physical control infor-
mation on the data channel without padding (or without
padding MAC control element). More specifically, MAC
layer may indicate a configured uplink grant or a dynamic
grant available for a TTI and indicate there is no data to be
transmitted in the TTI so that physical layer in the UE could
decide whether to use the grant to transmit the physical
control information or to skip the UL grant and decide how
to use the grant to transmit the physical control information.

There are several examples of how a UE transmits a
physical control information on a data channel without
padding (or without padding MAC control element). In one
example, the UE treats all the physical control information
as a regular transport block from MAC layer and perform
regular encoding, such as CRC (Cyclic Redundancy Check)
attachment, interleaving, channel coding, for the all the
physical control information. In another example, the UE
would perform a data channel transmission like perform a
PUSCH transmission without UL-SCH (Uplink Shared
Channel) data. More specifically, the UE treats a first type of
physical control information (e.g., CQI and/or PMI) as a
regular transport block from MAC layer, and performs
regular encoding (such as CRC attachment, interleaving,
channel coding) for the first type of physical control infor-
mation. Furthermore, the UE multiplexes a second type of
physical control information (e.g., HARQ-ACK and/or RI)
on some resource of the data channel.

In one embodiment, for the above example(s), the UE
would indicate a payload size of the physical control infor-
mation on the data channel. More specifically, indication of
the payload size is carried on some specific resource on the
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data channel. Alternatively, indication of the payload size is
done by masking a CRC of the data channel.

In one embodiment, for the above example(s), the UE
would assume a specific payload size to carry the physical
control information on the data channel. In another embodi-
ment, the UE would indicate whether the UE have data
available for transmission or not on the data channel. More
specifically, indication of whether the UE have data avail-
able for transmission or not is carried on some specific
resource on the data channel. Alternatively, indication of
whether the UE have data available for transmission or not
is done by masking a CRC of the data channel. In addition,
an eNB would assume both hypotheses that the UE have
data available for transmission and the UE does not have
data available for transmission to perform decoding.

In the above example, indicating information by masking
a CRC of the data channel may mean that after CRC is
generated, different sequence is utilized to mask the CRC.
To indicate an one-bit information, two sequences may be
required. Note that a sequence with all 1 is a special case and
may mean no masking is done. In one embodiment, to mask
a CRC may mean to perform exclusive or (XOR) operation
or some other operation to the CRC with a sequence. From
a receiver perspective, a reverse operation would be per-
formed with different sequences and only one of them would
pass the CRC check, so as to realize the indication according
to which sequence could be used to pass the CRC check.

The physical control information may be CQI. The physi-
cal control information may be PMI, RI, and/or HARQ
feedback. The UE may not be able to transmit the data
channel and the control channel simultaneously (e.g., due to
UE capability or power restriction). The data channel may
be PUSCH. The control channel may be PUCCH.

FIG. 23 is a flow chart 2300 according to one exemplary
embodiment from the perspective of a UE. In step 2305, the
UE receives a signalling to configure an uplink grant,
wherein the configured uplink grant is periodically available
for UL transmission on a data channel. In step 2310, the UE
prepares a physical control information transmission in a
TTI where the configured uplink grant is available. In step
2315, the UE transmits the physical control information on
a control channel in the TTI, wherein the UE has data
available for transmission, and wherein the UE is not
allowed to perform transmission on the control channel and
the data channel simultaneously.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (i) to receive a
signalling to configure an uplink grant, wherein the config-
ured uplink grant is periodically available for UL transmis-
sion on a data channel, (ii) to prepare a physical control
information transmission in a TTI where the configured
uplink grant is available, and (iii) to transmit the physical
control information on a control channel in the TTI, wherein
the UE has data available for transmission, and wherein the
UE is not allowed to perform transmission on the control
channel and the data channel simultaneously. Furthermore,
the CPU 308 can execute the program code 312 to perform
all of the above-described actions and steps or others
described herein.

FIG. 24 is a flow chart 2400 according to one exemplary
embodiment from the perspective of a UE. In step 2405, the
UE receives a signalling to configure an uplink grant,
wherein the configured uplink grant is periodically available
for UL transmission on a data channel. In step 2410, the UE
prepares a physical control information transmission in a
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TTI where the configured uplink grant is available. In step
2415, if HARQ-ACK repetition is not configured, the UE
transmits the physical control information on a control
channel in the TTI. In step 2420, if HARQ-ACK repetition
is configured, the UE transmits the physical control infor-
mation on the control channel in the TTI, wherein the UE
has data available for transmission and wherein the UE is not
allowed to perform transmission on the control channel and
the data channel simultaneously.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (i) to receive a
signalling to configure an uplink grant, wherein the config-
ured uplink grant is periodically available for UL transmis-
sion on a data channel, (ii) to prepare a physical control
information transmission in a TTI where the configured
uplink grant is available, (iii) to transmit the physical control
information on a control channel in the TTT if HARQ-ACK
repetition is not configured, and (iv) to transmit the physical
control information on the control channel in the TTT if
HARQ-ACK repetition is configured, wherein the UE has
data available for transmission and wherein the UE is not
allowed to perform transmission on the control channel and
the data channel simultaneously. Furthermore, the CPU 308
can execute the program code 312 to perform all of the
above-described actions and steps or others described
herein.

Referring back to the embodiments illustrated in FIGS. 22
and 23, the UE does not use the configured uplink grant for
a transmission on the data channel in one embodiment. The
UE does not transmit the available data in one embodiment.

FIG. 25 is a flow chart 2500 according to one exemplary
embodiment from the perspective of a UE. In step 2505, the
UE receives a signalling to configure an uplink grant,
wherein the configured uplink grant is periodically available
for UL transmission on a data channel. In step 2510, the UE
prepares a physical control information transmission in a
TTI where the configured uplink grant is available. In step
2515, the UE uses the configured uplink grant to transmit the
physical control information on the data channel, wherein
the UE has data available for transmission, and wherein
simultaneous transmission on a control channel and the data
channel is allowed but the UE is not able to perform both
transmissions on the control channel and the data channel
with sufficient power.

In one embodiment, the UE multiplexes the physical
control information with data on the data channel. The UE
uses the configured uplink grant to transmit the physical
control information on the data channel if no data is avail-
able for transmission. The UE does not use the configured
uplink grant to transmit padding on the data channel if no
physical control information needs to be transmitted in a
TTL

In one embodiment, the physical control information is
CQI and/or HARQ feedback. No network signalling is
needed to allocate the configured uplink grant after it is
initiated. The configured uplink grant could be initiated by
a network signalling or could be pre-allocated. The network
signalling could be SPS initiation or re-initiation.

In one embodiment, the UE could receive the signalling
before transmitting a scheduling request. The UE could
receive the signalling before transmitting a BSR control
element. The UE could receive the signalling when no data
is available for transmission.

In one embodiment, the UE does not transmit a MAC
PDU with padding only via the configured uplink grant. The
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padding could include: (i) padding bit(s), (ii) at least one
subheader associated with padding bit(s), (iii) a MAC con-
trol element corresponding to a Padding BSR, (iv) a sub-
header associated with a MAC control element correspond-
ing to a Padding BSR, (v) a MAC control element
corresponding to a Padding Sidelink BSR, and/or (vi) a
subheader associated with a MAC control element corre-
sponding to a Padding Sidelink BSR.

In one embodiment, periodicity, where the configured
uplink grant is available, is shorter than a specified value,
such as 10 ms. Alternatively, the periodicity could be 1 ms,
2 ms or 5 ms.

In one embodiment, the signalling could be transmitted on
PDCCH. The signalling could be addressed to Semi-Persis-
tent Scheduling C-RNTI. The signalling could be a RRC
message.

In one embodiment, the uplink grant could be on the data
channel or on UL-SCH. The data available for transmission
could mean that the data belonging to a logical channel,
which could utilize the configured uplink grant, is available
for transmission.

In one embodiment, the UE is not allowed to perform
transmission on the control channel and the data channel
based on network configuration. The control channel could
be PUCCH. The data channel could be PUSCH. The UE not
being able to perform both transmissions on the control
channel and the data channel with sufficient power could
mean that the sum of computed power for the data channel
and the computed power for the control channel exceeds the
maximum power of the UE.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (i) to receive a
signalling to configure an uplink grant, wherein the config-
ured uplink grant is periodically available for UL transmis-
sion on a data channel, (ii) to prepare a physical control
information transmission in a TTI where the configured
uplink grant is available, and (iii) to use the configured
uplink grant to transmit the physical control information on
the data channel, wherein the UE has data available for
transmission, and wherein simultaneous transmission on a
control channel and the data channel is allowed but the UE
is not able to perform both transmissions on the control
channel and the data channel with sufficient power. Further-
more, the CPU 308 can execute the program code 312 to
perform all of the above-described actions and steps or
others described herein.

FIG. 26 is a flow chart 2600 according to one exemplary
embodiment from the perspective of a UE. In step 2605, the
UE receives a first signalling to configure a first uplink grant,
wherein the configured first uplink grant is periodically
available for UL transmission on a data channel. In step
2610, the UE prepares a physical control information trans-
mission in a TTI. In step 2615, if the configured first uplink
grant is available in the TTL, the UE transmits the physical
control information on a control channel in the TTI. In step
2620, if a second signalling is received to indicate a second
uplink grant for a specific TTI in the TTI, the UE transmits
the physical control information on the data channel in the
TTI.

In one embodiment, the UE does not use the configured
first uplink grant for a transmission on the data channel if the
physical control information is transmitted on the control
channel. The UE is not allowed to perform transmission on
the control channel and the data channel simultaneously.
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Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (i) to receive a
first signalling to configure a first uplink grant, wherein the
configured first uplink grant is periodically available for UL
transmission on a data channel, (ii) to prepare a physical
control information transmission in a given TTIL, (iii) to
transmit the physical control information on a control chan-
nel in the TTT if the configured first uplink grant is available
in the TTI, and (iv) to transmit the physical control infor-
mation on the data channel in the TTI if a second signalling
is received to indicate a second uplink grant for a specific
TTI in the TTI. Furthermore, the CPU 308 can execute the
program code 312 to perform all of the above-described
actions and steps or others described herein.

FIG. 27 is a flow chart 2700 according to one exemplary
embodiment from the perspective of a UE. In step 2705, the
UE receives a first signalling to configure a first uplink grant,
wherein the configured first uplink grant is periodically
available for UL transmission on a data channel. In step
2710, the UE prepares a physical control information trans-
mission in a TTI. In step 2715, the UE uses the configured
first uplink grant to transmit the physical control information
on the data channel if the configured first uplink grant is
available in the TTI. In step 2720, the UE transmits the
physical control information on a control channel if'a second
signalling is received to indicate a second uplink grant for a
specific TTI in the TTI, wherein simultaneous transmission
on the control channel and the data channel is allowed.

In one embodiment, the UE multiplexes the physical
control information with data on the data channel if the
physical control information is transmitted on the data
channel. The UE uses the configured first uplink grant to
transmit the physical control information on the data channel
if no data is available for transmission. The UE does not use
the configured first uplink grant to transmit padding on the
data channel if no physical control information needs to be
transmitted in a TTI. The UE uses the second uplink grant
to transmit padding on the data channel if no physical
control information needs to be transmitted in the TTI. The
UE uses the second uplink grant to transmit data if data is
available for transmission.

In one embodiment, the physical control information
could be CQI and/or HARQ feedback. No network signal-
ling is needed to allocate the configured first uplink grant
after it is initiated. The configured first uplink grant could be
initiated by a network signalling, or could be pre-allocated.
The network signalling could be SPS initiation or re-initia-
tion.

In one embodiment, the UE could receive the signalling
before transmitting a scheduling request. The UE could
receive the signalling before transmitting a BSR control
element. The UE could receive the signalling when no data
is available for transmission.

In one embodiment, the UE does not transmit a MAC
PDU with padding only via the configured first uplink grant.
The padding could include: (i) padding bit(s), (ii) at least one
subheader associated with padding bit(s), (iii) a MAC con-
trol element corresponding to a Padding BSR, (iv) a sub-
header associated with a MAC control element correspond-
ing to a Padding BSR, (v) a MAC control element
corresponding to a Padding Sidelink BSR, (vi) a subheader
associated with a MAC control element corresponding to a
Padding Sidelink BSR.
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In one embodiment, periodicity, where the configured first
uplink grant is available, is shorter than a specified value,
such as 10 ms. Alternatively, the periodicity could be 1 ms,
2 ms or 5 ms.

In one embodiment, the first signalling could be trans-
mitted on PDCCH. The first signalling could be addressed to
Semi-Persistent Scheduling C-RNTI. The first signalling
could be a RRC message.

In one embodiment, the second signalling could be trans-
mitted on PDCCH. Furthermore, the second signalling could
be addressed to C-RNTI.

In one embodiment, the first uplink grant and the second
uplink grant could be on the data channel or on UL-SCH.
Furthermore, the data available for transmission means that
the data belonging to a logical channel that can utilize the
configured first uplink grant is available for transmission.
The UE is not allowed to perform transmission on the
control channel and the data channel based on network
configuration. The control channel could be PUCCH. The
data channel could be PUSCH.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (i) to receive a
first signalling to configure a first uplink grant, wherein the
configured first uplink grant is periodically available for UL
transmission on a data channel, (ii) to prepare a physical
control information transmission in a given TTI, (iii) to use
the configured first uplink grant to transmit the physical
control information on the data channel if the configured
first uplink grant is available in the TTI, and (iv) to transmit
the physical control information on a control channel if a
second signalling is received to indicate an uplink grant for
a specific TTI in the TTI, wherein simultaneous transmission
on the control channel and the data channel is allowed.
Furthermore, the CPU 308 can execute the program code
312 to perform all of the above-described actions and steps
or others described herein.

FIG. 28 is a flow chart 2800 according to one exemplary
embodiment from the perspective of a UE. In step 2805, the
UE receives a first signalling to configure a first uplink grant,
wherein the configured first uplink grant is periodically
available for UL transmission on a data channel. In step
2810, the UE prepares a physical control information trans-
mission in a given TTI. In step 2815, if the configured first
uplink grant is available in the TTIL, the UE transmits the
physical control information on a control channel in the TTI.
In step 2820, if a second signalling is received to indicate a
second uplink grant for a specific TTI in the TTI, the UE
transmits the physical control information on the data chan-
nel in the TTIL.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, the device 300 includes a program
code 312 stored in the memory 310. The CPU 308 could
execute program code 312 to enable the UE (i) to receive a
first signalling to configure a first uplink grant, wherein the
configured first uplink grant is periodically available for UL
transmission on a data channel, (ii) to prepare a physical
control information transmission in a given TTIL (iii) to
transmit the physical control information on a control chan-
nel in the TTT if the configured first uplink grant is available
in the TTI, and (iv) to transmit the physical control infor-
mation on the data channel in the TTI if a second signalling
is received to indicate a second uplink grant for a specific
TTI in the TTI. Furthermore, the CPU 308 can execute the
program code 312 to perform all of the above-described
actions and steps or others described herein.
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FIG. 29 is a flow chart 2900 according to one exemplary
embodiment from the perspective of a UE. In step 2905, an
uplink grant is available for a TTI for transmission on a data
channel. In step 2910, the UE prepares a physical control
information transmission in the TTI. In step 2915, the UE
determines which channel to transmit the physical control
information according to the available resource of the uplink
grant. In one embodiment, determining which channel to
transmit the physical control information according to the
available resource of the uplink grant (shown in step 2915)
means that transmitting the physical control information on
a control channel in the TTT if the available resource of the
uplink grant is less than a specific value, and transmitting the
physical control information on the data channel in the TTI
if the available resource of the uplink grant is more than a
specific value.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE wherein an uplink grant is available for
a TTI for transmission on a data channel, the device 300
includes a program code 312 stored in the memory 310. The
CPU 308 could execute program code 312 to enable the UE
(i) to prepare a physical control information transmission in
the TTI, and (ii) to determine which channel to transmit the
physical control information according to the available
resource of the uplink grant. Furthermore, the CPU 308 can
execute the program code 312 to perform all of the above-
described actions and steps or others described herein.

Referring back to the embodiments illustrated in FIG. 28
and FIG. 29, in one embodiment, if the available resource of
the uplink grant is less than a specific value, the UE
transmits the physical control information on a control
channel in the TTI. If the available resource of the uplink
grant is more than a specific value, the UE transmits the
physical control information on the data channel in the TTI.

In one embodiment, the available resource could be the
TTI length of the uplink grant, or the number of PRB (pairs)
of the uplink grant. The uplink grant could be received on a
downlink control channel for a specific TTI. The uplink
grant could be configured to be periodically available for UL
transmission.

In one embodiment, the specific value could be different
for different amount/payload size of physical control infor-
mation. The specific value could be different for different
modulation and coding scheme. The specific value could
guarantee that the code rate of the physical control infor-
mation would be above a threshold.

In one embodiment, the UE does not use the configured
uplink grant for a transmission on the data channel if the
physical control information is transmitted on a control
channel. The UE is not allowed to perform transmission on
the control channel and the data channel simultaneously.

FIG. 30 is a flow chart 3000 according to one exemplary
embodiment from the perspective of a UE. In step 3005, an
uplink grant is available for the UE in a TTI, wherein the UE
does not have data available for transmission. In step 3010,
the UE determines whether to skip the uplink grant in the
TTI according to whether a physical control information
needs to be transmitted in the TTI or not.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, wherein an uplink grant is available
for the UE in a TTT and the UE does not have data available
for transmission, the device 300 includes a program code
312 stored in the memory 310. The CPU 308 could execute
program code 312 to enable the UE to determine whether to
skip the uplink grant in the TTI according to whether a
physical control information needs to be transmitted in the
TTI or not. Furthermore, the CPU 308 can execute the

10

15

20

25

30

35

40

45

50

55

60

65

46

program code 312 to perform all of the above-described
actions and steps or others described herein.

FIG. 31 is a flow chart 3100 according to one exemplary
embodiment from the perspective of a UE. In step 3105, an
uplink grant is available for the UE in a TTI, wherein the UE
does not have data available for transmission. In step 3110,
the UE transmits the physical control information on a data
channel according to the uplink grant if a physical control
information needs to be transmitted in the TTI. In step 3115,
the UE skips the uplink grant if no physical control infor-
mation needs to be transmitted in the TTI.

Referring back to FIGS. 3 and 4, in one exemplary
embodiment of a UE, wherein an uplink grant is available
for the UE in a TTI and the UE does not have data available
for transmission, the device 300 includes a program code
312 stored in the memory 310. The CPU 308 could execute
program code 312 to enable the UE (i) to transmit a physical
control information on a data channel according to the
uplink grant if the physical control information needs to be
transmitted in the TTI, and (ii) to skip the uplink grant if no
physical control information needs to be transmitted in the
TTI. Furthermore, the CPU 308 can execute the program
code 312 to perform all of the above-described actions and
steps or others described herein.

Referring back to the embodiments shown in FIG. 30 and
FIG. 31, in one embodiment, skipping the uplink grant
means that the UE does not perform transmission on the data
channel. The UE transmits the physical control information
on the data channel with a transport block comprise a
padding or a padding MAC (Medium Access Control)
control element.

In one embodiment, the uplink grant could be a config-
ured uplink grant that is periodically available. The uplink
grant could be a dynamic grant specific for the TTI.

In one embodiment, the UE transmits the physical control
information on the data channel without padding (or without
padding MAC control element). To perform transmission on
the data channel, the UE treats all the physical control
information as a regular transport block from MAC layer
and perform regular encoding for the all the physical control
information. The UE would perform the transmission on the
data channel like it would perform PUSCH transmission
without UL-SCH data.

In one embodiment, the UE treat a first type of physical
control information (such as CQI and/or PMI) as a regular
transport block from MAC layer and perform regular encod-
ing (such as CRC attachment, interleaving, and/or channel
coding) for the first type of physical control information.
The UE multiplexes a second type of physical control
information (such as HARQ-ACK and/or RI) on some
resources of the data channel. The UE indicates the payload
size of physical control information on the data channel.
Indication of the payload size is carried on some specific
resources of the data channel. The indication of the payload
size is done by masking a CRC of the data channel. The UE
indicates whether or not the UE has data available for
transmission on the data channel. The indication of whether
or not the UE has data available for transmission is carried
on some specific resources of the data channel. The indica-
tion of whether or not the UE has data available for
transmission is done by masking a CRC of the data channel.

Based on above solutions or embodiments, physical con-
trol information could be transmitted more efficiently.

Various aspects of the disclosure have been described
above. It should be apparent that the teachings herein may
be embodied in a wide variety of forms and that any specific
structure, function, or both being disclosed herein is merely

Samsung Exhibit 1001, Page 48 of 50
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-00614



US 10,187,878 B2

47

representative. Based on the teachings herein one skilled in
the art should appreciate that an aspect disclosed herein may
be implemented independently of any other aspects and that
two or more of these aspects may be combined in various
ways. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects
set forth herein. In addition, such an apparatus may be
implemented or such a method may be practiced using other
structure, functionality, or structure and functionality in

48

microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any
other such configuration.

It is understood that any specific order or hierarchy of
steps in any disclosed process is an example of a sample
approach. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged while remaining within the scope of the
present disclosure. The accompanying method claims pres-

addition to or other than one or more of the aspects set forth 10 ent elements of th? Various steps in a sample order,.and are
herein. As an example of some of the above concents. in not meant to be limited to the specific order or hierarchy
p . PIs: presented.
some aspects c.o.ncurrent chapnels may be established based The steps of a method or algorithm described in connec-
on pulse repetition frequf:nmes. In some aspects cor}gurrent tion with the aspects disclosed herein may be embodied
channels may be established based on pulse position or directly in hardware, in a software module executed by a
offsets. In some aspects concurrent channels may be estab- processor, or in a combination of the two. A software module
lished based on time hopping sequences. In some aspects (e.g., including executable instructions and related data) and
concurrent channels may be established based on pulse other data may reside in a data memory such as RAM
repetition frequencies, pulse positions or offsets, and time memory, flash memory, ROM memory, EPROM memory,
hopping sequences. 20 EEPROM memory, registers, a hard disk, a removable disk,

Those of skill in the art would understand that information a CD-ROM, or any other form of computer-readable storage
and signals may be represented using any of a variety of medium known in the art. A sample storage medium may be
different technologies and techniques. For example, data, coupled to a machine such as, for example, a computer/
instructions, commands, information, signals, bits, symbols, processor (which may be referred to herein, for convenience,
and chips that may be referenced throughout the above 25 as a “processor”) such the processor can read information
description may be represented by voltages, currents, elec- (e.g., code) from and write information to the storage
tromagnetic waves, magnetic fields or particles, optical medium. A sample storage medium may be integral to the
fields or particles, or any combination thereof. processor. The processor and the storage medium may reside

Those of skill would further appreciate that the various in an ASIC. The ASIC may reside in user equipment. In the
illustrative logical blocks, modules, processors, means, cir- 30 alternative, the processor and the storage medium may
cuits, and algorithm steps described in connection with the reside as discrete components in user equipment. Moreover,
aspects disclosed herein may be implemented as electronic in some aspects any suitable computer-program product may
hardware (e.g., a digital implementation, an analog imple- comprise a computer-readable medium comprising codes
mentation, or a combination of the two, which may be relating to one or more of the aspects of the disclosure. In
designed using source coding or some other technique), 35 some aspects a computer program product may comprise
various forms of program or design code incorporating packaging materials.
instructions (which may be referred to herein, for conve- While the invention has been described in connection
nience, as “software” or a “software module™), or combi- with various aspects, it will be understood that the invention
nations of both. To clearly illustrate this interchangeability is capable of further modifications. This application is
of hardware and software, various illustrative components, 40 intended to cover any variations, uses or adaptation of the
blocks, modules, circuits, and steps have been described invention following, in general, the principles of the inven-
above generally in terms of their functionality. Whether such tion, and including such departures from the present disclo-
functionality is implemented as hardware or software sure as come within the known and customary practice
depends upon the particular application and design con- within the art to which the invention pertains.
straints imposed on the overall system. Skilled artisans may 45  The invention claimed is:
implement the described functionality in varying ways for 1. A method of a UE (User Equipment), comprising:
each particular application, but such implementation deci- an uplink grant is available for the UE in a TTI (Trans-
sions should not be interpreted as causing a departure from mission Time Interval), wherein the UE does not have
the scope of the present disclosure. data available for transmission;

In addition, the various illustrative logical blocks, mod- 50  the UE determines whether to skip the uplink grant in the
ules, and circuits described in connection with the aspects TTI according to whether a physical control informa-
disclosed herein may be implemented within or performed tion needs to be transmitted in the TTI or not; and
by an integrated circuit (“IC”), an access terminal, or an the UE transmits the physical control information on a
access point. The IC may comprise a general purpose data channel according to the uplink grant if the physi-
processor, a digital signal processor (DSP), an application 55 cal control information needs to be transmitted in the
specific integrated circuit (ASIC), a field programmable gate TTL
array (FPGA) or other programmable logic device, discrete 2. The method of claim 1, wherein the uplink grant is a
gate or transistor logic, discrete hardware components, elec- configured uplink grant that is periodically available.
trical components, optical components, mechanical compo- 3. The method of claim 1, wherein the uplink grant is a
nents, or any combination thereof designed to perform the 60 dynamic grant specific for the TTI.
functions described herein, and may execute codes or 4. The method of claim 1, wherein skipping the uplink
instructions that reside within the IC, outside of the IC, or grant means the UE does not perform transmission on the
both. A general purpose processor may be a microprocessor, data channel.
but in the alternative, the processor may be any conventional 5. The method of claim 1, wherein the UE transmits the
processor, controller, microcontroller, or state machine. A 65 physical control information on the data channel with a

processor may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a

transport block comprise a padding or a padding MAC
(Medium Access Control) control element.
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6. A User Equipment (UE), wherein an uplink grant is
available for the UE in a TTI (Transmission Time Interval)
and the UE does not have data available for transmission
comprising:

a control circuit;

a processor installed in the control circuit; and

a memory installed in the control circuit and operatively

coupled to the processor;

wherein the processor is configured to execute a program

code stored in the memory to:

determine whether to skip the uplink grant in the TTI
according to whether a physical control information
needs to be transmitted in the TTI or not; and

transmit the physical control information on a data
channel according to the uplink grant if the physical
control information needs to be transmitted in the
TTI.

7. The UE of claim 6, wherein the uplink grant is a
configured uplink grant that is periodically available.

8. The UE of claim 6, wherein the uplink grant is a
dynamic grant specific for the TTL

9. The UE of claim 6, wherein skipping the uplink grant
means the UE does not perform transmission on the data
channel.

10. The UE of claim 6, wherein the processor is further
configured to execute a program code stored in the memory
to:

transmit the physical control information on the data

channel with a transport block comprise a padding or a
padding MAC (Medium Access Control) control ele-
ment.

11. A method of a UE (User Equipment), comprising:

an uplink grant is available for the UE in a TTI (Trans-

mission Time Interval), wherein the UE does not have
data available for transmission;

the UE transmits a physical control information on a data

channel according to the uplink grant if the physical
control information needs to be transmitted in the TTI;
and

the UE skips the uplink grant if the physical control

information does not need to be transmitted in the TTI.

12. The method of claim 11, wherein the uplink grant is
a configured uplink grant that is periodically available.

13. The method of claim 11, wherein the uplink grant is
a dynamic grant specific for the TTI.

14. The method of claim 11, wherein skipping the uplink
grant means the UE does not perform transmission on the
data channel.

15. The method of claim 11, wherein the UE transmits the
physical control information on the data channel with a
transport block comprise a padding or a padding MAC
(Medium Access Control) control element.

16. A User Equipment (UE), wherein an uplink grant is
available for the UE in a TTI (Transmission Time Interval)
and the UE does not have data available for transmission
comprising:
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a control circuit;

a processor installed in the control circuit; and

a memory installed in the control circuit and operatively

coupled to the processor;

wherein the processor is configured to execute a program

code stored in the memory to:

transmit a physical control information on a data chan-
nel according to the uplink grant if the physical
control information needs to be transmitted in the
TTI; and

skip the uplink grant if the physical control information
does not need to be transmitted in the TTI.

17. The UE of claim 16, wherein the uplink grant is a
configured uplink grant that is periodically available.

18. The UE of claim 16, wherein the uplink grant is a
dynamic grant specific for the TTL

19. The UE of claim 16, wherein skipping the uplink grant
means the UE does not perform transmission on the data
channel.

20. The UE of claim 16, wherein the processor is further
configured to execute a program code stored in the memory
to:

transmit the physical control information on the data

channel with a transport block comprise a padding or a
padding MAC (Medium Access Control) control ele-
ment.

21. The method of claim 1, wherein the physical control
information includes at least one of Channel Quality Indi-
cator (CQI), Precoding Matrix Index (PMI), Rank Indicator
(RI), and Hybrid Automatic Repeat reQuest (HARQ) feed-
back.

22. The UE of claim 6, wherein the physical control
information includes at least one of Channel Quality Indi-
cator (CQI), Precoding Matrix Index (PMI), Rank Indicator
(RI), and Hybrid Automatic Repeat reQuest (HARQ) feed-
back.

23. The method of claim 11, wherein the physical control
information includes at least one of Channel Quality Indi-
cator (CQI), Precoding Matrix Index (PMI), Rank Indicator
(RI), and Hybrid Automatic Repeat reQuest (HARQ) feed-
back.

24. The UE of claim 16, wherein the physical control
information includes at least one of Channel Quality Indi-
cator (CQI), Precoding Matrix Index (PMI), Rank Indicator
(RI), and Hybrid Automatic Repeat reQuest (HARQ) feed-
back.

25. The method of claim 1, wherein the data channel is
Physical Uplink Shared Channel (PUSCH).

26. The UE of claim 6, wherein the data channel is
Physical Uplink Shared Channel (PUSCH).

27. The method of claim 11, wherein the data channel is
Physical Uplink Shared Channel (PUSCH).

28. The UE of claim 16, wherein the data channel is
Physical Uplink Shared Channel (PUSCH).
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