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quency resource grid to maximize frequency diversity. In some embodiments,
UCI is mapped in a manner that takes into account channel estimation per-
formance by mapping UCI symbols to those REs that are closest (in terms of
OFDM subcarriers/symbols) to REs that carry reference signals.
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OFDMA-BASED MULTIPLEXING OF UPLINK CONTROL
INFORMATION

Priority Claim

16001} This application claims priority to United States Provisional Patent
Application Serial Nos. 62/199,058, filed July 30, 2015 and 62/269,363, filed
December 18, 2015, which are incorporated herein by reference in their

entirety

Technical Field

10002} Embodiments described herein relate generally to wireless
networks and communications systems. Some embodiments relate to celluiar
communication networks including 3GPP (Third Generation Partnership
Project) networks, 3GPP LTE (Long Term Evolution) networks, and 3GPP
LTE-A (LTE Advanced) networks, although the scope of the embodiments is

not limited in this respect.

Background
[0003] In Long Term Evolution (L'TE) systems, a mobile termival (referred
to as a User Equipment or UE) connects to the cellular network via a base station
{(referred to as an evolved Node B or eNB). Current LTE systems utilize
orthogonal frequency division multiple access (OFDMA) for the downlink (BL)
and a related technique, single carrier frequency division multiple access (SC-
FDMA), for the uplink (UL). For next generation radio access technologies, o
OFDMA-based multicarrier modulation is an attractive uplink air interface
because it allows for simplified receiver structures and enhanced
interference cancelation schemes when the downlink air interface is also

OFDMA based. However, a new muliicarrier modulation scheme in the
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uplink also requires a redesign of resource element (RE) mapping when
uplink control information (UCH) is transmitted together with data over a
shared uplink channel. Described herein are methods and associated
apparatuses to transmit uplink control information in an uplink shared

channel based upon OFDMA waveforms.

Brief Description of the Drawings

{0004] Fig. 1 illustrates an example UE and eNB according to some
embodiments.

{0005] Fig. 2 iustrates a PUSCH with symmetric UL/DL and a PUSCH
with SC-FDMA according to some embodiments.

{6006} Fig. 3 illustrates an exarple of a DMRS pattern for different numbers
of layers according to some embodiments.

[6007] Fig. 4 tlustrates RE mapping for UCT with symmetric UL/DL
waveform according to some embodiments.

{6008] Fig. 5 illustrates RE numbering of UCI resources on OFDM symbols
containing DMRS for an example DMRS pattern according to some
embodiments.

{0009] Fig. 6 illustrates RE numbering of UCT resources on OFDM symbols
containing DMRS for an example DMRS pattern with different mapping rules
per slot according to some embodiments.

1801¢] Fig. 7 illustrates an example of a UCI mapping based on distance to
DMRS symbols according to some embodiments.

{0011] Fig. B illustrates an example of a DMRS pattern and associated UCI
mapping based on proximity to DMRS REs according to some embodiments.
{0012} Fig. 9 shows an example of a transmission-layer dependent DMRS
pattern for subframes with time-multiplexed PUSCH and PUCCH regions
according to some embodiments,

{6013} Fig. 10 shows an example of a transmission-layer independent
DMRS pattern for subframes with time-multiplexed PUSCH and PUCCH

regions according to some embodiments.
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18014] Fig. 11 shows an example of a DMRS pattern for subframes with
tine~-multiplexed PUSCH and PUCCH regions according to some embodiments.
{601 5] Fig. 12 illustrates an example of a user equipment device according
to some embodiments.

{0016} Fig. 13 tllustrates an example of a computing machine according to

some embodiments.

Detailed Description

{6017] Fig. 1 illustrates an example of the components of a UE 400 and a
base station or eNB 300. The eNB 300 includes processing circuitry 301
connected to a radio transceiver 302 for providing an air interface.  The UE 400
includes processing circuitry 401 connected to a radio transcetver 402 for
providing an interface. Each of the transceivers in the devices is connected to
antennas 55.

{0018} The physical layer of LTE is based upon orthogonal frequency
division multiplexing (OFDM) for the downlink and a related technique, single
carrier frequency division multiplexing (SC-FDM), for the uplink. In
OFDM/SC-FDM, complex modulation symbols according to a modulation
scheme such as QAM {(quadrature amplitude modulation) are each individually
mapped to a particular OFDM/SC-FDM subcarrier transmitted during an
OFDM/SC-FDM symbol, referred to as a resource element (RE). An RE is the
smallest physical resource in LTE. LTE also provides for MIMO (multi-input
multi-output) operation where multiple layers of data are transmitted and
received by multiple antennas and where each of the complex modulation
symbeols is mapped into one of the multiple transmission layers and then mapped
to a particular antenna port. Each RE is then uniquely identified by the antenna
port, sub-carrier position, and OFDM symbol index within a radio frame as
explained below.

18019] LTE transmissions in the time domain are organized into radio
frames, each having a duration of 10 ms. Each radio frame consists of 10 sub-
frames, and each sub-frame consists of two consecutive 0.5 ms slots. Each slot

comprises six indexed OFDM symbols for an extended cyclic prefix and seven
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indexed OFDM symbeols for a normal cyclic prefix. A group of resource
elements corresponding to twelve consecutive subcarriers within a single slot is
referred to as a resource block (RB) or, with reference to the physical layer, a
physical resource block (PRB).

{0028} A UFE transmits a number of control signals to the eNB, referred to as
uplink control information (UCI). The current LTE standards specify that a UE
transmits a hybrid automatic request repeat acknowledgement (HARQ-ACK)
signal over the uplink (UL} in response to data packet reception over the
dowunlink (DL). Depending on whether the data packet reception is correct or
mncorrect, the HARQ-ACK signal has an ACK or a NAK value, respectively.
The UE transmits a scheduling request (SR) signal to request UL resources for
signal transmission. The UE transmits channel state information (CS1) reports
that inchude a channel quality indicator (CQI) signal to inform the ¢NB of the
DL channel conditions it experiences, enabling the eNB to perform channel-
dependent scheduling of DL data packets. The UE also transmits precoder
matrix indicator/rank indicator (PMI/RI) signals as part of the CSI to inform the
eNB how to combine the transmission of a signal to the UE from multiple eNB
antennas in accordance with a Multiple-Input Multiple-Output (MIMO)
principle. Any of the possible combinations of HARQ-ACK, SR, CQL PMI, and
RI signals may be transmitted by a UE jointly with data information in the
physical uplink shared channel (PUSCH), or separate from data information in
the physical uplink control channel (PUCCH).

18021} In current LTE systems, uplink control information (UCI) such as
channel state information (CSI) or HARQ ACK/NACK feedback can be
transmitted on either the physical uplink control channel (PUCCH) or the
physical uplink shared channel (PUSCH). In the latter case, UCI needs to be
multiplexed with uplink shared channel (UL-SCH) data. In addition, each
PUSCH transmission is accompanied by demodulation reference signals
{BMRS) to allow demodulation of the PUSCH symbols at the receiver. The
mapping of DMRS, UCI and UL-SCH data to physical resources is tightly
interconnected. For example, UCH transmission is generally more protected
than data transmission as an unsuccessful UCT transmission could

potentially trigger a downlink re-transmission or result in sub-optimal
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adaptive modulation and coding (AMC). Hence, ACK/NACK bits may be
mapped to resource elements (REs) in the time/frequency resource grid that
are adjacent to DMRS as is the case in LTE.

{06022} As noted above, the uplink air interface for current LTE systems is
based on SC-FDMA. SC-FDMA waveforms exhibit several benefits
foremost among them a low peak-to-average power ratio (PAPR). Low
PAPRs allow for more efticient operation of the user equipment’s (UE’s)
power amplifier (PA}). An asymmetric design, i.e., where uplink and
downlink use different waveforms, may no longer be justified by this
improved PA efficiency, however, as the benefits of a symmetric
uphink/downlink air interface may outweigh those of SC-FDMA. For
example, in current LTE systems, a UE may need to implement both an
OFDMA recetver and an SC-FDMA receiver to receive downlink
transmissions from an eNB and device-to-device transmissions from another
UE, respectively. In addition, for highly dynamic flexible duplex systems,
i.e., where downlink and uplink are no longer frequency-division duplexed
(FDD) in separate bands or time-division duplexed (TDD) in separate
subframes, it may be beneficial to use symmetric DMRS patterns in either
duplex direction to allow for sophisticated, possibly network assisted,
interference cancelation and mitigation schemes.

{06023]  In current LTE systems, each slot of an uplink subframe contains
one SC-FDMA symbol dedicated to DMRS transmission. Let M be the
transmission bandwidth of the physical uplink shared channel (PUSCH)
which occupies Ners physical resource blocks (PRBs) in the time/frequency
resource grid of LTE, i.e, M« = 12 Nprs. Then the UE transmits My DMRS
symbols in each slot of the PUSCH transmission. Consequently, DMRS REs
and data or UCI REs never share the same resources in the time or
frequency domain: DMRS symbols are transmitted on all subcarriers of a
SC-FDMA symbol carrying BMRS. The downlink BMRS pattern, on the
other hand, since OFDMA does not need to maintain the single-carrier
property of SC-FDMA, can be less restrictive so that data, UCL, and DMRS
symbols can be multiplexed onto different subcarriers of a given OFDM

symbol. In the downlink, however, downlink control information (DCI) 18

(o



WO 2017/019132 PCT/US2016/025569

always transmitted on a dedicated physical downlink control channel
(PDCCH) and never multiplexed onto the physical downlink shared channel
{(PDSCH). No nuultiplexing schemes for UCI on PUSCH with generic
DMRS patterns are thus known. Hence, for a symmetric UL/DL design with

5  OFDMA waveforms in either duplex direction, a novel RE mapping scheme
is needed. Moreover, the multiplexing of UCT and UL-SCH data should
preserve most of the performance benefits of SC-FDMA while at the same
time be generic enough to accommodate a vast array of different DMRS
patterns.

10 j0024] In the embodiments described below, UCT is transmitted over an
OFDMA-based uplink. In some embodiments, UCI symbols are mapped to
resource elements (REs) in the time/frequency resource grid to maximize
frequency diversity. In addition, UCT can be mapped taking into account
channel estimation performance by mapping UCI symbols to those REs that

15 are closest {in terms of OFDM subcarriers/symbols) to DMRS carrying REs.
Mapping of UCI to REs can take into account whether an OFDM symbol
also carries DMRS or simply UL-SCH data. Mapping of UCI to REs can
also take into account dynamic DMRS patterns that change from subframe
to subframe according to pre-specified rules or as indicated in the downlink

20 coutrol information (DCT) scheduling the PUSCH associated with the
DMRS. Mapping of UCI to REs may also be made to depend on the UCI
payload size. The types of UCI that are mentioned throughout the embodiments
described below (e.g., HARQ-ACK/NACK, CSIE RI, PMI, and SR} are
illustrative, and other types of UCI should not be construed as precluded from

25  those embodiments.

{0025] Fig 2 shows an example of the PUSCH RE mapping for a
symmetric UL/DL waveform based on OFDMA and the LTE PUSCHRE
mapping for the SC-FDMA wavetorm, respectively. Now referring to the
right-hand part of Fig. 2, in a legacy LTE system DMRS occupies the entire

30  transmission bandwidth on symbol four of each slot (for normal cyclic
prefix), as depicted in Fig. 2. Modulated HARQ ACK/NACK bits, if
present, are then mapped into the resources directly adjacent to the DMRS

carrying SC-FDMA symbol. The number of ACK/NACK information

6
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carrying symbols depends on the UE higher layer configuration and the
transmission parameters of the UL-SCH data with which the HARQ
ACK/NACK bits are multiplexed. Next, rank indicator bits, if present, are
mapped to the SC-FDMA symbol adjacent to the resources reserved for
HARQ ACK/NACK transmission, as depicted in Fig. 2. Lastly, channel
quality indicator {CQI) bits, if present, are first multiplexed with the UL-
SCH data and then mapped to the time/frequency resources not yet occupted
by DMRS, sounding reference signal (SRS}, RI (if present) and HARQ-
ACK/NACK UCT (if present).

{0026} Referring to the lefi-hand side of Fig. 2, for UL OFDMA
waveforms the DMRS mapping may not be as regular as in the case of 5C-
FDMA. For example, UL OFDMA waveforms need not maintain the single-
carrier property of SC-FBMA. Hence, in order to maximize spectral
efficiency, a DMRS pattern for the PUSCH similar to the one in Fig. 2 may
be adopted. Note, however, that the DMRS pattern depicted here merely
serves as an example and other DMRS patterns are not precluded. In
addition, the number of sub-carriers and OFDM symbols per physical
resource block (PRB) depicted in Fig. 2 also merely serve as an example.
For instance, the number of OFDM symbols, may differ from the one above
if the network configures an extended cyclic prefix (CP). Consequently, the
DMRS pattern may look different from the example one in Fig. 2.

{06027} One feature of DMRS patterns for multi-carrier modulation
schemes such as OFDMA is that for a given OFDM symbol some sub-
carriers within one physical resource block (PRB) may contain DMRS REs
whereas others may not. This cannot occur in SC-FDMA based DMRS
patterns. Hence, existing rules on how to map UCT and UL-SCH data for
PUSCH transmissions no longer apply. Described herein are novel RE
mapping schemes that allow to multiplex UCT and UL-SCH data within a
PUSCH transmission based on UL OFDMA waveforms. Moreover, the
proposed UCT mapping schemes are not static but rather rule based in order
to facilitate dynamic adaptation of the UCI mapping in case the DMRS
pattern changes, e.g., through subframe dependent pre-specified rules or

through dynamic indication in the downlink control information.
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Additionally, in some embodiments, such dynamic adaptation of the UCH
mapping roay also be determined depending on the UCI payload size as 1s
the case in self-contained frame structures or during simultaneous or
subsequent transmissions of xPUSCH and xPUCCH within the same
subframe.

0028] In one embodiment, different kinds of UCT are mapped onto
different OFDM symbols. To this end, OFDM symbols within one PRB are
grouped by whether they contain DMRS REs or not. One such example is
given in Fig. 2. In the first slot, symbols #4 and #7 are reserved for rank
indication (R} where the symbols in each slot are numbered from 1 t0 7. In
the second slot, symbols #1 and #4 are reserved for rank indication. To this
example, the last OFDM symbol of the second slot ts not included assuming
it can be used to transmit sounding reference signals (SRS). Similarly, the
first symbol of the first slot is not included such that the total number of
REs reserved for potential RI transmission is the same as in LTE, namely,
4845, Since the depicted DMRS pattern simply serves as an example for
ease of exposition, other time/frequency resources for RI transmission are
not precluded. Similarly, a second set of resources is reserved for HAROQ
ACK/NACK transmission, namely, those OFDM symbols which also
countain DMRS REs. In the example in Fig. 2, symbols #5 and #6 are
reserved in the first slot and symbols #2, #3, #5, #6 are reserved in the
second slot. Symbols #2 and #3 1in the first slot are not included such that
the total number of REs reserved for potential HARQ ACK/NACK
transmission is the same as in LTE, namely, 4M,.. Since the depicted DMRS
pattern simply serves as an example for ease of exposition, other
time/frequency resources for HARQ ACK/NACK transmission are not
precluded. In another embodiment, OFDM symbols carrying DMRS are
reserved for potential rank indication transmission whereas OFDM symbols
not carrying DMRS are reserved for potential HARQ ACK/NACK feedback
transmission.

{0029} In any of the embodiments described herein, CQI information
may be multiplexed with UL-SCH data prior to RE mapping. In either
embodiment, UL-SCH and CQI data may be mapped first in the frequency
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domain, €.g., in increasing order of the subcarrier index, and then in the
time domain, e.g., in increasing order of the OFDM symbol index.
Alternatively, UL-8CH and CQI data may be mapped time-first, frequency-
afterwards.

{0030} One potential drawback of frequency-first mapping for
concatenated UL-SCH and CQT data is that CQI information cannot get
frequency diversity gain in the presence of inter-slot frequency hopping. In
order to exploit frequency diversity gain provided by frequency hopping, a
hybrid RE mapping method may be employed for UL-SCH and CQI data
mapping. In this embodiment, CQI data is mapped first in the time domain,
e.g. 1n increasing order of the symbol index, and then in the frequency
domain. UL-SCH data may be mapped in frequency domain first then in the
time domain. This structure allows for a pipelined decoder architecture at
eNB side for data in case of frequency-first mapping, while aliowing for
frequency diversity for CQI wnformation in the presence of intra~subframe
{t.e. slot-based) frequency hopping.

{0031}  Assuming frequency-first mapping 1s applied, then in another
embodiment, the CQI and UL-SCH data multiplexing is performed such that
COI information is first divided into multiple segments. Then, such
segments are evenly distributed on two slots to get frequency diversity gain
in the present of frequency hopping .In this option, CQI information has
applied to 1t a frequency-first mapping order as does UL-SCH data, but the
C(l 1s effectively mapped to predetermined resources across two slots {(e.g.,
a first OFDM symbol of each slot starting from lowest frequency index) to
utilize the frequency hopping benefit.

{6032} In any of the embodiments described herein, the UE determines
the actual number of REs used for UCH transmission by a combination of
semi-statically configured and dynamically signaled parameters,
respectively. For example, the actual sumber of REs used for UCT within an
PUSCH allocation may depend on the UL-SCH payload, the UCI payload,
the PUSCH transmission bandwidth, the SRS configuration, and/or UCI-
specific offset parameters. Such parameters can be dynamically signaled to

the UE in the downlink control information (DCI) that carries the UL grant
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for the UL-SCH data with which the UCIH is multiplexed on the PUSCH. In
addition, some of these parameters may also depend on the UE’s higher
fayers which the eNB can control via the radio resource control (RRC)
protocol.

{0033} In any of the embodiments described herein, the UE may first
map the reference signals and sounding reference signals into the
time/frequency resource grid. The UE then proceeds to map the modulated
rank indicator bits to the respective resources. This may leave some of the
resources reserved for RI transmission unoccupied. Next, the UE maps the
modulated CQI bits to the remaining resources before it maps the modulated
UL-SCH data to the resources not already occupied by DMRS, SRS, RI, or
CQI Lastly, the UE maps the modulated HARQ ACK/NACK bits to the
resources reserved for HARQ ACK/NACK transmission potentially
puncturing CQI and/or UL-SCH symbols.

{8034] In one embodiment, the UE always maps the UCI around the
DMRS REs according to the number of layers used for the PUSCH
transmission carrying the UCL Referring to the example in Fig. 3, if the
number of transmission layers is 1-4, the UE maps the UCT according to the
left DMRS patterns, otherwise, i1f the number of transmission layers is
larger than 4, the UE maps the UCT assuming the DMRS pattern on the right
hand side of Fig. 3 which only serves as an example here for ease of
exposition. In another embodiment, the UE always maps the UCI assuming
the largest possible number of transmission layers. For example, even if the
number of actual transmission layers is less than or equal to four, the UE
may still assume the DMRS pattern on the right hand side of Fig. 3 when 1t
maps the UCL

18035] Whenever the number of modulated UCT symbols of a specific
kind {e.g., RI or HARQ ACK/NACK) is less than the number of reserved
REs for the respective kind of UCH, a RE mapping scheme is needed to map
the UCI to the reserved REs.  In one embodiment, the number of modulated
symbols for a specific UCI type {e.g., Rl or HARQ ACK/NACK} is ¢
whereas the total number of REs reserved for that UCT type 1S Creserved. Int

order to map the O symbols to the Oreserved resources, the REs reserved for

10
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the UCT type (Ureservea 0f them) are numbered in a consecutive cyclic
manner from 1 to floot{Jreserved /0) where the floor() operator returns the
fargest integer number smaller than or equal to the input of the operator.
One such example is given in Fig. 4 for AM=12, J=7 and Oieserved=48 on the
left hand side of the figure. In this example: 1) UCI 1s always mapped
assuming the largest number of possible transmission layers; 2) CQl is
multiplexed with UL-SCH by first mapping the modulated CQI bits and
then the modulated UL-SCH bits in a frequency-first, time-then manner; 3)
modulated RI bits are mapped to OFDM symbols not containing DMRS
REs; 4) modulated HARQ-ACK bits are mapped to OFDM symbols that
contatn DMRS REs; 5) SRS is transmitted on the last OFDM symbol; and,
6) the remaining REs are used to map the modulated UL-SCH bits.

{0036]  Fig 4 also depicts how the mapping rule described above is
different from SC-FDMA. Since the SC-FDMA waveform provides inherent
frequency-diversity from spreading each symbol over the entire
transmission bandwidth via a discrete Fourier transform (DFT) spreading
operation, the potentially small number of R and HARQ ACK/NACK
symbols needs to be interleaved over the entire transmission bandwidth in
the case of OFDMA waveforms. As can be seen from the example in Fig. 4,
a simple numbering of REs reserved for a certain kind of UCT may result in
chusters reducing the overall frequency diversity. For the case of AMy=12,
O=T and Oreserved=48 all RT symbols, for instance, are mapped to just two
sub-carriers.

{0637} In another embodiment, UCT is mapped to REs such that the
clhustering depicted in Fig. 4 cannot occur. Now focusing on the case where
UCH is mapped to OFDM symbols not containing DMRS, the UE first

computes a UCT step-size according to:

Sreserved
ceil (Nfci )

where the ceill() operator returns the smallest integer number larger than or

stepsize = max < floor 1

equal to its input and Nucr is the number of OFDM symbols reserved for

I
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UCT transmission. The 7-th modulated UCT symbol (i=0,...,0-1) is then
mapped to the & sub-carrier within the PUSCH transmission bandwidth on

the /-th symbol according to:

i =1 ﬂlﬂd }VUC]

‘ ) ] 'stepsize
) - stepsize + (i mod Nyg) - floor __________.>

k = floor (N e

UCH

Note that in the case where PUSCH is transmitted using frequency hopping,
the sub-carrier indexing & may differ between two slots, 1.e., £=0 may
denote a different sub-carrier in the first and second slot depending on the
frequency hopping configuration of the UE. In other words, sub-carriers are
numbered from #4=0... M, per slot of the PUSCH allocation.

{0038] In another embodiment, UCH 1s mapped to REs depending on the
relative position to REs carrying DMRS on the same OFDM symbol, ie,,
UCT of a given type is only mapped to OFDM symbols with DMRS. In a
first stage, for each OFDM symbol reserved for UCHK transmission of the
given type, the UE numbers all sub-carriers excluding sub-carriers
containing DMRS in increasing order of the sub-carrier index by their
distance (in numbers of sub-carriers) to the closest RE containing DMRS on
the same OFDM symbol. This 1s illustrated on the second OFDM symbol in
Fig. 5 for the exemplary DMRS pattern in Fig. 3. Note that in this case, the
DMRS pattern for 1-4 layer transmissions is assumed so that UCH resources
include the REs reserved for higher layer transmissions.

{0039]  In another embodiment, the UE, in a first stage, numbers all sub-
carriers excluding sub-carriers containing DMRS by their distance (in
numbers of sub-carriers) to the closest RE containing DMRS on the same
OFDM symbol whereas the starting sub-carrier is alternated between OFDM
symbols reserved for UCH transmission of the given type. In the example in
Fig. 5, the UE numbers the sub-carriers according to the specified rule in
increasing order of sub-carrier indices on the first OFDM symbol reserved

for UCI transmission of the given type, in decreasing order of sub-carrier
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indices on the second OFDM symbol reserved for UCH transmission of the
given type, in increasing order of sub-carrier indices on the third OFDM
symbol reserved for UCI transmission of the given type, and so forth.
{060406]  In another embodiment, the UE, in a first stage, numbers all sub-
carriers excluding sub-carriers containing DMRS by their distance {(in
numbers of sub-carriers) to the closest RE containing DMRS on the same
OFDM symbol whereas the starting sub-carrier is alternated between OFDM
symbols reserved for UCT transmission of the given type and between slots.
In the exarople 1n Fig. 6, the UE numbers the sub-carriers according to the
specified rule in increasing order of sub-carrier indices on the first OFDM
symbol reserved for UCT transmission of the given type in the first slot, in
decreasing order of sub-carrier indices on the second OFDM symbol
reserved for UCT transmission of the given type in the first slot, in
increasing order of sub-carrier indices on the third OFDM symbol reserved
for UCI transmission of the given type in the first slot, and so forth,
whereas in the second slot, the UE numbers the sub-carriers according to
the specified rule in decreasing order of sub-carrier indices on the first
OFDM symbol reserved for UCH transmission of the given type, in
increasing order of sub-carrier indices on the second OFDM symbol
reserved for UCT transmission of the given type, in decreasing order of sub-
carrier indices on the third OFDM symbol reserved for UCHK transmission of
the given type in the first slot, and so forth.

{0041} In any of the embodiments described above, the UE, in a second
stage, may then numbers all resource elements reserved for UCT
transmission of the given type from m=0.. Oreservea-1 first by the index
derived from the relative distance of the RE to a DMRS RE on the same
symbol, then by the slot index in increasing order, and then by the OFDM
symbol index in increasing order.

{0042] 1o another embodiment, in the second stage, to support transmit
diversity based aperiodic UCI only transmission, in which the Space
Frequency Block Coding (SFBC) may be used, the UE mav number all
resource elements reserved for UCT transmission in pairs. The numbering

may be performed as in the following method: 1) first two continuous REs
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by the index derived from the relative distance of the RE to a BMRS RE on
the same symbol, 2} then two continuous REs by the slot index 1n
increasing order, and 3) then two continuous REs by the OFDM symbol
index in increasing order. Lastly, in a third stage, the UE maps the O
modulated UCI symbeols (#=0,...,0-1) to the Ceserved REs by mapping the
first modulated UCI symbol /=0 to the reserved RE indexed m=0, the
second modulated UCH symbol 7=1 to the reserved RE indexed m=1, the
third modulated UCI symbol /=2 to the reserved RE numbered m=2, and so
forth. In Fig. 7 an example is given in for the case of Ms=12, =7,
Oreserved=48 and Nycr = 4. Note that it may be possible that the DMRS
pattern dynamically changes from subframe to subframe either due to pre-
specified rules or because of explicit signaling in the downlink control
information (DCT) scheduling the associated PUSCH transmission. For
example, in some subframes the DMRS pattern may shift by 7 symbols to
the left/right to avoid collision with other synchronization or reference
signal transmissions in the same subframe. In another example, the DMRS
pattern may change because the number of transmission layers indicated in
the BCI changes from subframe to subframe. In that case, the UCI RE
mapping for UCI transmission on PUSCH dynamically adapts to the DMRS
pattern in the given subframe.

{0043]  In another embodiment, UCT is mapped to REs in the
time/frequency grid solely based on proximity to DMRS carrying REs
without consideration of whether a given OFDM symbol contains DMRS
REs or not. An example of such a UCI-to-RE mapping is given in Fig. 8.
{0044] UL-SCH data and UCI may also be transmitted simultaneously in
the subframe by configuring both a dedicated PUSCH for UL-SCH data and
a dedicated physical uplink control channel (PUCCH) in the same subframe.
In one embodiment, a PUCCH is transmitted adjacent to a PUSCH where
the PUCCH and PUSCH may be frequency-division multiplexed or time-
division multiplexed. This may be appropriate for certain scenarios, e.g.,
when CQI or CS1 feedback is multiplexed together with data in the same
subframe. In this case, localized PUCCH transmission can help improve the

performance.
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{0045] In another embodiment, a PUCCH is transmitted before or after
the PUSCH but within the same subframe. For example, PUCCH and
PUSCH transmissions may be time-division multiplexed (TDM) with
DMRS patterns as tllustrated in Figs. 9 through 11,

5 {6046]  Especially for the UCH that pertains to channel state information
(CSI), another option is to include the CQT and/or RI into the data packet
together with the UL-SCH bits. In one embodiment, the medium access
control (MAC) header of the corresponding transport block indicates
whether COT and/or RY are present in the payload part. CQI and/or RI may

10 be separately encoded and protected through cyclic redundancy check
(CRC). In this option the resource mappiog follows the data packet only and
is not defined separately for data and UCI that is included in the payload of
the corresponding transport block.

{6047}  In another embodiment, the mapping of UCI depends on the

15 payload size of some or all UCI to be transmuitted within one subframe. For
example, for subframes with both PUSCH and PUCCH transmissions from
the same UE (e.g., as tllustrated in Figs. 9 through 11}, HARQ ACK/NACK
bits may always be transmitted on the PUCCH. The PUCCH resources may
be semi-statically configured {i.¢., certain symbols in certain subframes are

20 always allocated for PUCCH transmissions) or dynamically signaled {e.g.,
via layer 1 downlink control information or layer 2 MAC control elements).
Other UCH, however, such as CSI, rank indication, or measurement reports,
may always be transmitted on the PUSCH.

{0048} In another example, in addition to HARQ ACK/NACK bites,

25 periodic CS1 s also always transmitted on the PUCCH irrespective of
whether PUSCH transmissions by the same UE occur within the same
subframe as the PUCCH transmission. In the case where some UCH in
always transmitted on the PUCCH, an UL grant may be required for the UE
to submit other UCI on the PUSCH. In the examples mentioned above,

30 where some UCT 1s transmitted on the PUSCH, such UCT may be mapped to
resource elements in the time/frequency resource grid according to the

embodiments described elsewhere in this document.
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{0049] In another embodiment, all UCIH is always transmitted on the
PUSCH even if the UE has a valid PUCCH resource allocation within the
same subframe. In one example, the PUSCH that carries all the UCT within
a given subframe is scheduled by an eNB. In another example, some
subframes are semi-statically configured for UCIH transmission on the
PUSCH. In another example, the eNB instructs the UE by means of
downlink control information (DCI) whether to transmit UCT on the PUSCH
or PUCCH. For example, in a subframe allocated for UCH transmission to a
certain UE, if the UE receives downlink control information of one type, the
UE only transmits UL-SCH data on the PUSCH and transmits the UCI on
the PUCCH. In another example, in a subframe allocated for UCT
transmission to a certain UE, if the UE receives dowanlink control
information of another type, it multiplexes UL-SCH data and UCI and
transmits the UCI on the PUSCH. In these examples, only some of the UCH
may be transmitted on the PUSCH (with or without multiplexing the UCIH
with UL-SCH data} whereas other UCH is transmitted in the PUCCH. In
particular, a UE may always transmit HARQ ACK/NACK bits on the
PUCCH whereas other UCI ts transmitted on the PUSCH with or without

multiplexing the other UCI with UL-SCH data.

FExample UE Description

10056] As used herein, the term "circuitry” may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC), an electronic circuit,
a processor (shared, dedicated, or group), and/or memory (shared, dedicated, or
group) that execute one or more software or firmware programs, a combinational
logic circuit, and/or other suitable hardware components that provide

the described functionality. In some embodiments, the circuitry may be
implemented in, or functions associated with the circuitry may be implemented
by, one or more software or firmware modules. In some embodiments, circuitry
may include logic, at least partially operable in hardware.

{0051 ] Embodiments described herein may be implemented into a

system using any suitably configured hardware and/or software. Fig. 12

illustrates, for one embodiment, example components of a User Equipment (UE)
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device 100. In some embodiments, the UE device 100 may include application
circuitry 102, baseband circuitry 104, Radio Frequency (RF) circuitry 106, frout-
end module (FEM) circuitry 108 and one or more antennas 110, coupled together
at least as shown.

5 [0052] The application circuitry 102 may include one or more application
processors. For example, the application circuitry 102 may mnclude circuitry
such as, but not limited to, one or more single-core or multi-core processors. The
processor(s) may include any combination of general-purpose processors
and dedicated processors {e.g., graphics processors, application processors, etc. ).

16 The processors may be coupled with and/or may inchide memory/storage and
may be configured to execute wnstructions stored in the roemory/storage to
enable various applications and/or operating systems to run on the systen,
{0053] The baseband circuitry 104 may 1nclude circuitry such as, but not
limited to, one or more single-core or multi-core processors. The baseband

15 circuitry 104 may include one or more baseband processors and/or control logic
to process baseband signals received from a receive signal path of the RF
circuitry 106 and to generate baseband signals for a transmit signal path of the
RF circuitry 106. Baseband processing circuity 104 may interface with the
application circuitry 102 for generation and processing of the baseband signals

20 and for controlling operations of the RF circuitry 106, For example, in some
embodiments, the baseband circuitry 104 may include a second generation (2(G3)
baseband processor 104a, third generation (3G) baseband processor 104b, fourth
generation (4(s) baseband processor 104¢, and/or other baseband processor(s}
1044 for other existing generations, generations in development or to be

25  developed in the future (e.g., fifth generation (5(), 6(, etc.). The baseband
circuitry 104 (e.¢., one or more of baseband processors 104a-d} may handle
vartous radio control functions that enable communication with one or more
radio networks via the RF circuitry 106. The radio control functions may
include, but are not limited to, signal modulation/demodulation,

30 encoding/decoding, radio frequency shifting, etc. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 104 may include
Fast-Fourier Transform (FFT), precoding, and/or consteliation

mapping/demapping functionality. In some embodiments, encoding/decoding
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circuitry of the baseband circuitry 104 may include convolution, tail-biting
convolution, turbo, Viterbi, and/or Low Density Parity Check (LDPC)
encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not limited to these examples and may include
other suitable functionality in other embodiments.

10054] In some embodiments, the baseband circuitry 104 may include
elements of a protocol stack such as, for example, elements of an evolved
universal terrestrial radio access network (EUTRAN) protocol including, for
example, physical (PHY), media access control (MAC), radio link control
(RLC), packet data convergence protocol (PDCP), and/or radio resource control
(RRC) elements. A central processing unit {CPU) 104e of the baseband circuitry
104 may be configured to run elements of the protocol stack for signaling of the
PHY, MAC, RLC, PDCP and/or RRC layers. In some embodiments, the
baseband circuitry may include one or more audio digital signal processor(s)
(DSP) 104f. The audio DSP(s) 104f may be include elements for
compression/decompression and echo cancellation and may include other
suitable processing elements in other embodiments. Components of the
baseband circuitry may be suitably combined in a single chip, a single chipset, or
disposed on a same circuit board in some embodiments. In some embodiments,
some or all of the constituent components of the baseband circuitry 104 and the
application circuitry 102 may be implemented together such as, for example, on
a system on a chip {(SOC).

{0055] In some embodiments, the baseband circuitry 104 may provide for
communication compatible with one or more radio technologies. For example, in
some embodiments, the baseband circuitry 104 may support communication
with an evolved universal terrestrial radio access network (EUTRAN) and/or
other wireless metropolitan area networks (WMAN), a wireless local area
network (WL AN), a wireless personal area network (WPAN). Embodiments

in which the baseband circuitry 104 is configured to support radio
communications of more than one wireless protocol may be referred to as multi-
mode baseband circuitry.

18056] RF circuitry 106 may enable communication with wireless networks

using modulated electromagnetic radiation through a non-solid medium. In
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various embodiments, the RF circuitry 106 may include switches, filters,
amplifiers, etc. to facilitate the communication with the wireless network. RF
circuitry 106 may include a receive signal path which may include circuitry to
down-convert RF signals received from the FEM circuitry 108 and provide
baseband signals to the baseband circuitry 104. RF circuitry 106 may also
include a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 104 and provide RF output
signals to the FEM circuitry 108 for transmission.

{8057} In some embodiments, the RF circuitry 106 may inchude a receive
signal path and a transmit signal path. The receive signal path of the RF circuitry
106 may include nuxer circuitry 106a, amphifier civcuttry 106b and filter
circuitry 106¢. The transmit signal path of the R¥ circuitry 106 may include
filter circuitry 106¢ and mixer circuitry 106a. RF circuitry 106 may also include
synthesizer circuitry 100d for synthesizing a frequency for use by the mixer
circuitry 106a of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuttry 100a of the receive signal path may be
configured to down-convert RF signals received from the FEM circuitry 108
based on the synthesized frequency provided by synthesizer circuitry 106d. The
amplifier circuitry 106b may be configured to amplify the down-converted
signals and the filter circuitry 106¢ may be a low-pass filter (LPF) or band-pass
filter (BPF) configured to remove unwanted signals from the down-converted
signals to generate output baseband signals. Output baseband signals may be
provided to the baseband circuitry 104 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband
signals, although this is not a requirement. In some embodiments, mixer circuitry
106a of the receive signal path may comprise passive mixers, although the scope
of the embodiments is not limited in this respect.

{0058] In some embodiments, the mixer circuitry 106a of the transmit signal
path may be configured to up-convert input baseband signals based on the
synthesized frequency provided by the synthesizer circuitry 106d to generate RF
output signals for the FEM circuitry 108, The baseband signals may be provided

by the baseband circuitry 104 and may be filtered by filter circuitry 106¢c. The
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filter circuitry 106¢ may include a low-pass filter (LPF), although the scope of
the embodiments is not limited in this respect.

{0059] In some embodiments, the mixer circuitry 106a of the receive signal
path and the mixer circuitry 106a of the transmit signal path may include two or
more mixers and may be arranged for quadrature downconversion and/or
upconversion respectively. In some embodiments, the nuxer circuitry 106a of the
recetve signal path and the mixer circuitry 106a of the transmit signal path may
include two or more mixers and may be arranged for image rejection (e.g.,
Hartley image rejection). In some embodiments, the mixer circuitry 106a of the
receive signal path and the mixer circuitry 106a may be arranged for direct
downconversion and/or direct upconversion, respectively. Tn some embodiments,
the mixer circuitry 106a of the receive signal path and the mixer circuttry 106a
of the transmit signal path may be configured for super-heterodyne operation.
10060} In some embodiments, the cutput baseband signals and the input
baseband signals may be analog baseband signals, although the scope of the
embodiments is not limited in this respect. In some alternate embodiments, the
output baseband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 106 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuitry and the baseband circuitry 104 may include a digital baseband interface
to communicate with the RF circuitry 106,

{0061 ] In some dual-mode embodiments, a separate radio IC circuitry may
be provided for processing signals for each spectrum, although the scope of the
embodiments is not limited in this respect.

{0062] In some embodiments, the synthesizer circuitry 106d may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of
the embodiments is not limited in this respect as other types of frequency
synthesizers may be suitable. For example, synthesizer circuitry 106d may be a
delta~-sigma synthesizer, a frequency multiplier, or a synthesizer comprising a
phase-locked loop with a frequency divider.

{6063} The synthesizer circuitry 106d may be configured to synthesize an

output frequency for use by the mixer circuitry 106a of the R¥ circuitry 106
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based on a frequency input and a divider control input. In some embodiments,
the synthesizer circuitry 106d may be a fractional N/N+1 synthesizer.
{0064] in some embodiments, frequency input may be provided by a voltage
controlied oscillator (VCO), although that 1s not a requirement. Divider control
5 input may be provided by either the baseband circuitry 104 or the applications

processor 102 depending on the desired output frequency. In some embodiments,
a divider control input (e.g., N) may be determined from a look-up table based
on a channel indicated by the applications processor 102
{0063] Synthesizer circuitry 106d of the RF circuitry 106 may include a

10 divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In
some ernbodiments, the divider may be a dual modulus divider (DMD) and the
phase accumulator may be a digital phase accumulator (BPA). In some
embodiments, the DMD may be configured to divide the input signal by either N
or N+1 {e.g., based on a carry out} to provide a fractional division ratio. In some

15 example embodiments, the DLL may include a set of cascaded, tunable, delay
elements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay elements may be contigured to break a VCO period up
into Nd equal packets of phase, where Nd is the number of delay elements in the
delay line. In this way, the DLL provides negative feedback to help ensure that

20 the total delay through the delay line is one VCO cycle.
{0066] In some embodiments, synthesizer circuitry 106d may be contfigured
to generate a carrier frequency as the output frequency, while in other
embodiments, the output frequency may be a multiple of the carrier frequency
(e.g., twice the carrier frequency, four times the carrier frequency) and used in

25  conjunction with quadrature generator and divider circuitry to generate multiple
signals at the carrier frequency with multiple different phases with respect to
each other. In some embodiments, the output frequency may be a LO frequency
{(fLo}. In some embodiments, the RF circuitry 106 may include an 1Q/polar
converter.

3¢ {6067] FEM circuitry 108 may include a receive signal path which may
include circuitry configured to operate on RF signals recetved from one or more
antennas 110, amplify the received signals and provide the amplitied versions of

the received signals to the RF circuitry 106 for further processing. FEM circuitry
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108 may also inclade a transmit signal path which may include circuitry
configured to amplify signals for transmission provided by the RF circuitry 106
for transmission by one or more of the one or more antennas 110.
{0068} In some embodiments, the FEM circuitry 108 may include a TX/RX
5 swiich to switch between transmit mode and receive mode operation. The FEM
circuitry may include a receive signal path and a transmit signal path. The
recetve signal path of the FEM circuitry may include a low-noise amplifier
{LNA) to amplify received RF signals and provide the amplified received RF
signals as an output (e.g., to the RF circuitry 106). The transmit signal path of
10 the FEM circuitry 108 may include a power amplifier (PA) to amplify input RF
signals {e.g., provided by RF circuitry 106}, and one or more filters to generate
RF signals for subsequent transmission {&.g., by one or more of the one or more
antennas 110
18069] In some embodiments, the UE device 100 may include additional
15 elements such as, for example, memory/storage, display, camera, sensor, and/or

input/output {(I/(} interface.

Lxample Machine Description
{6070} Fig. 13 illustrates a block diagram of an example machine 500 upon
20 which any one or more of the technques {e.g., methodologies) discussed herein
may perform. In alternative embodiments, the machine 500 may operate as a
standalone device or may be connected {(e.g., networked) to other machines. Ina
networked deployment, the machine 500 may operate in the capacity of a server
machine, a client machine, or both in server-client network environments. In an
25  example, the machine 500 may act as a peer machine in peer-to-peer (P2ZP) (or
other distributed) network environment. The machine 500 may be a user
equipment {UE), evolved Node B (eNB), Wi-Fi access point (AP), Wi-Fi station
(STA), personal computer (PC), a tablet PC, a set-top box (STB), a personal
digital assistant (PDA), a mobile telephone, a smart phone, a web appliance, a
30 network router, switch or bridge, or any machine capable of executing
instructions {sequential or otherwise) that specify actions to be taken by that
machine. Further, while only a single machine is illustrated, the term “machine”

shall also be taken to include any collection of machines that individually or

b2
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jointly execute a set {or muitiple sets) of instructions to perform any one or more
of the methodologies discussed herein, such as cloud computing, software as a
service (Saa8), other computer cluster configurations.

{6071} Examples, as described herein, may include, or may operate on, logic
or a number of components, modules, or mechanisms. Modules are tangible
entities (e.g , hardware} capable of performing specified operations and may be
configured or arranged in a certain manner. In an example, circuits may be
arranged {e.g., internally or with respect to external entities such as other
circuitsy in a specified manner as a module. To an example, the whole or part of
one or more computer systems (e.g., a standalone, client or server computer
system) or one or more hardware processors may be configured by firmware or
software {e.g., instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the sofiware may
reside on a machine readable medium. In an example, the software, when
executed by the underlying hardware of the module, causes the hardware to
perform the specified operations.

{6072} Accordingly, the term “module” 1s understood to encompass a
tangible entity, be that an entity that is physically constructed, specifically
configured (e.g , hardwired), or temporarily {e.g., transitorily) configured {(e.g ,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a general-purpose
hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of time and to constitute a different
module at a different instance of time.

16073} Machine (e.g., computer system) 500 may include a hardware
processor 502 (e.g., a central processing unit {CPU), a graphics processing unit
(GPU), a hardware processor core, or any combination thereot), a main memory
504 and a static memory 506, some or all of which may communicate with each

other via an interlink {e.g., bus) 508. The machine 500 may further include a
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display unit 510, an alphanumeric input device 512 {e.g., a keyboard), and a user
interface (U navigation device 514 (e.g., a mouse). In an example, the display
unit 510, input device 512 and Ul navigation device 514 may be a touch screen
display. The machine 500 may additionally include a storage device {e.g., drive

5 unit) 516, a signal generation device 518 (e.g., a speaker), a network interface
device 520, and one or more sensors 521, such as a global positioning system
{GPS) seusor, compass, accelerometer, or other sensor. The machine 500 may
include an output controller 528, such as a serial {(e.g., universal serial bus
(USB), parallel, or other wired or wireless (e.g., infrared (IR), near field

10 communication (NFC), etc.} connection to communicate or control one or more
peripheral devices (e.g., a printer, card reader, etc.).

16074} The storage device 516 may include a machine readable medium 522
on which is stored one or more sets of data structures or nstructions 524 {e.g.,
software) embodying or utilized by any one or more of the techniques or

15 functions described herein. The instructions 524 may also reside, completely or
at least partially, within the main memory 504, within static memory 306, or
within the hardware processor 502 during execution thereof by the machine 500.
In an example, one or any combination of the hardware processor 502, the main
mermory 504, the static memory 506, or the storage device 516 may constitute

20 machine readable media.

{6075] While the machine readable medium 522 is illustrated as a single
medium, the term "machine readable medium” may include a single medium or
multiple media (e.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more instructions 524,

25 {6876] The term “machine readable medium”™ may include any medium that
is capable of storing, encoding, or carrying instructions for execution by the
machine 500 and that cause the machine 500 to perform any one or more of the
techniques of the present disclosure, or that 1s capable of storing, encoding or
carrying data structures used by or associated with such instructions. Non-

30  liniting machine readable medium examples may include solid-state memories,
and optical and magnetic media. Specific examples of machine readable media
may include: non-volatile memory, such as semiconductor memory devices {e.g.,

Electrically Programmable Read-Only Memory (EPROM), Electrically Erasable

24
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Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM); and CD-ROM and DVD-ROM disks.
In some examples, machine readable media may include non-transitory machine
5 readable media. In some examples, machine readable media may include
machine readable media that is not a transitory propagating signal.
{6077} The instructions 524 may further be transmitted or received over a
communications network 526 using a transmission medium via the network
interface device 520 utilizing any one of a number of transfer protocols {e.g.,

10 frame relay, internet protocol (IP), transmission control protocol (TCP), user
datagram protocol (UDP), hypertext transter protocol (HTTP), ete.). Example
communication networks may include a local area network (LAN), a wide area
network (WAN), a packet data network (e.g., the Tuternet), mobile telephone
networks {e.g., cellular networks}, Plain Old Telephone (POTS) networks, and

15 wireless data networks (e.g., Institute of Electrical and Electronics Engineers
(IEEE) 802.11 family of standards known as Wi-Fi®, IEEE 802.16 family of
standards known as WiMax®), IEEE 802.15 4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Mobile Telecommunications
System {(UMTS) family of standards, peer-to-peer (P2P) networks, among

20 others. In an example, the network interface device 520 may include one or
more physical jacks {e.g., Ethernet, coaxial, or phone jacks) or one or more
antennas to connect to the communications network 526, In an example, the
network interface device 520 may include a plurality of antennas to wirelessly
commumnicate using at least one of single-input multiple-output (SIMQ),

25 multiple-input oultiple-output (MIMO), or multiple-input single-output (MISO)
techniques. In some examples, the network interface device 520 may wirelessly
commumnicate using Multiple User MIMO techniques. The term “transmission
medium” shall be taken to include any intangible medium that is capable of
storing, encoding or carrying instructions for execution by the machine 500, and

30 includes digital or analog communications signals or other intangible medium to

facilitate communication of such software.
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Additional Notes ard Examples
{6078] in Example 1, an apparatus for a UE (user equipment} comprises:
memory and processing circuitry;, wherein the memory and processing circuitry
5 are configured to: encode uplink control information (UCT multiplexed with
uplink shared channel (UL-SCH) data for transmission over a shared orthogonal
frequency division multiple access (OFDMA) channel in physical resource
blocks (PRBs) of a subframe containing a plurality of time-frequency resource
clements (REs);, map a first type of UCH selected from hybrid automatic request
10 repeat acknowledgement (HARQ-ACK) signals or channel state information
(CSI) signals to REs of OFDM symbols of the subframe that also contain
demodulation reference signal (DMRS) REs; and, map a second type of UCH
distinet from the first type selected from hybrid automatic request repeat
acknowledgement (HARQ-ACK) signals or channel state information (CSH)
15 signals to REs of OFDM symbols of the subfrarme that do not contain
demodulation reference signal (DMRS) REs.
{6079] In Example 2, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry and are to
map HARQ-ACK signals to REs of OFDM symbols of the subframe that do not
20 contain DMRS REs and to map rank indicator (R1) signals to REs of OFDM
symbols of the subframe that also contain DMRS REs.
[{0086] In Example 3, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry to map
HARG-ACK signals to REs of OFDM symbols of the subframe that also contain
25  DMRS REs and to map rank indicator (R} signals to REs of OFDM symbols of
the subframe that do not contain DMRS REs
{0081} In Example 4, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry are to map
CSI signals not mapped to REs of OFDM symbols containing DMRS REs to
30 other REs of the subframe in accordance with their distance from DMRS REs.
10082] In Example 5, an apparatus for a UE (user equipment) or any of the
Examples herein, comprises: memory and processing circuitry; wherein the

memory and processing circuitry are to: encode uplink control information
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(UCH) multiplexed with uplink shared channel (UL-SCH) data for transmission
over a shared orthogounal frequency division multiple access (OFDMA) chaunel
in physical resource blocks (PRBs) of a subframe containing a plurality of time-
frequency resource elements (REs); and, multiplex channel quality information
(CQ1) with UL-SCH data prior to RE mapping.

{0083] In Example 6, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry to map the
channel quality information (CQ1) concatenated with UL-SCH data to REs of the
PRB first in the frequency domain and then in the time domain.

{0084} In Example 7, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuttry to map the
channel quality information (CQI) concatenated with UL-SCH data to REs of the
PRE first in the time domain and then in the frequency domain.

{0085] In Example 8, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry are to map
the channel quality information {(CQI) to REs of the PRB first in the time domain
and then in the frequency domain and to map UL-SCH data to REs of the PRB
first in the frequency domain and then in the time domain.

{0086} In Example 9, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry are to divide
the channel quality information {CQI) into multiple segments, to map the CQI
segments to REs of the PRB first in the frequency domain and then in the
frequency domain such that the segments are evenly distributed across the two
slots of the subframe, and to map UL-SCH data to REs of the PRB first in the
frequency domain and then in the time domain.

{6087} In Example 10, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry are to
multiplex CQI with UL-SCH data by first mapping modulated CQI bits and
then modulated UL-SCH bits in a frequency-first, time-afterwards manner,
map modulated rank indicator {RI) bits to OFDM symbols not containing
demodulation reference signal (DMRS) REs; map modulated HARQ-ACK
bits to OFDM symbols that contain DMRS REs; map sounding reference
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signals (SRS} to the last OFDM symbol of the subframe; and, map

modulated UL-SCH data bits to remaining REs of the subframe.

{6088} In Example 11, the subject matter of any of the Examples herein

may further include wherein the memory and processing circuitry are to map
5  UClto REs assuming a DMRS pattern corresponding to the largest possible

number of transmission layers.

{(08Y] In Example 12, an apparatus for a UE (user equipment) comprises:

memory and processing circuitry; wherein the memory and processing circuitry

are configured to: encode uplink control information (UCEH multiplexed with

10 uplink shared channel (UL-SCH} data for transmission over a shared orthogonal
frequency division multiple access (OFDMA) channel in physical resource
blocks (PRBs) of a subframe containing a plurality of time-frequency resource
clements (REs), wherein the shared OFDMA channel includes a physical uplink
shared channel (PUSCH)} and a physical uplink control channel (PUCCH); if the

15 UE receives downlink control information of one type, encode the UL-SCH
data on the PUSCH and encode the UCI on the PUCCH and, if the UE
recetves downlink control information of another type, encode the UL-SCH
data and UCI on the PUSCH.

{0090} In Example 13, the subject matter of any of the Examples herein

20 may further include wherein the memory and processing circuitry are to time-
division multiplex the PUCCH and the PUSCH.

{6091} In Example 14, the subject matter of any of the Exarples herein
may further include wherein the memory and processing circuitry are to
frequency-division multiplex the PUCCH and the PUSCH.

25 {6092] In Example 15, the subject matter of any of the Examples herein
may further include wherein the memory and processing circuitry are to map
HARQ ACK/NACK bits to the PUCCH and map other UCH to the PUSCH.
[0093] In Example 16, a computer-readable medium comprises instructions
to cause a user equipment (UE}, upon execution of the instructions by processing

30 circuitry of the UE, to perform any of the functions of the memory processing

circuitry as recited in Examples 1 through 15



WO 2017/019132 PCT/US2016/025569

10094] in Example 17, a method for operating a UE comprises
performing any of the functions of the memory and processing circuitry and
transceiver as recited in any of Examples 1 through 15.
{0095]  In Example 18, an apparatus for a UE comprises means for
5  performing any of the functions of the memory and processing circuttry and

transceiver as recited in any of Examples 1 through 15.
{0096] In Example 19, the subject matter of any of the Examples herein
may further include a radio transceiver connected to the memory and
pProcessing circuitry.

10 j0097] In Example 20, the subject matter of any of the Examples herein
may further include wherein the processing circuitry comprises a baseband

Processor.

{6098] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specitic embodiments that may be
practiced. These embodiments are also referred to herein as “examples.” Such
examples may inchude elements in addition to those shown or described.
However, also conterplated are examples that include the elements shown or
described. Moreover, also contemplate are examples using any combination or
permutation of those elements shown or described {or one or more aspects
thereof), either with respect to a particular example (or one or more aspects
thereof}, or with respect to other examples (or one or more aspects thereof)
shown or described herein.

18099] Publications, patents, and patent documents referred to in this
document are incorporated by reference herein in ther entirety, as though
individually incorporated by reference. In the event of inconsistent usages
between this docuruent and those documents s0 incorporated by reference, the
usage in the incorporated reference(s) are supplementary to that of this
document; for irreconcilable inconsistencies, the usage 1o this document
controls.

{00100}  In this document, the terms “a” or “an” are used, as is common in

patent documents, to include one or more than one, independent of any other

o]
\\r
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instances or usages of “at least one” or “one or more.” In this document, the
term “or” 1s used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A, and “A and B.” unless otherwise indicated. In the
appended claims, the terms “including” and “in which” are used as the plain-
English equivalents of the respective terms “comprising” and “wherein.” Also,
in the following claims, the terms “including” and “comprising” are open-ended,
that is, a system, device, article, or process that includes elements tn addition to
those listed after such a term in a claim are still deemed to fall within the scope
of that claim. Moreover, in the following claims, the terms “first,” “second,”
and “third,” etc. are used merely as labels, and are not intended to suggest a
numerical order for their objects.

{00101}  The embodiments as described above may be implemented i various
hardware configurations that may include a processor for executing instructions
that perform the technigues described. Such instructions may be contained in a
machine-readable medium such as a suitable storage medium or a memory or
other processor-executable medium.

{00102} The embodiments as described herein may be implemented in a
number of environments such as part of a wireless local area network (WLAN),
3rd Generation Partnership Project (3GPP) Universal Terrestrial Radio Access
Network (UTRAN), or Long-Term-Evolution (L TE) or a Long-Term-Evolution
{LTE) communication system, although the scope of the invention is not limited
in this respect. An example LTE system includes a nuraber of mobile stations,
defined by the LTE specification as User Equipment (UE), communicating with
a base station, defined by the LTE specifications as an eNB.

{60103]  Antennas referred to herein may comprise one or more directional or
omnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microsirip antennas or other types of
antennas suitable for transmission of RF signals. In some embodiments, instead
of two or more antennas, a single antenna with multiple apertures may be used.
In these embodiments, each aperture may be considered a separate antenna. In
some multiple-input multiple-output (MIMO) embodiments, antennas may be
effectively separated to take advantage of spatial diversity and the different

channel] characteristics that may result between each of antennas and the
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antennas of a transmitting station. In some MIMO embodiments, antennas may
be separated by up to 1/10 of a wavelength or more,
{60104} In some embodiments, a receiver as described herein may be
configured to receive signals in accordance with specific communication
5 standards, such as the Institute of Electrical and Electronics Engineers (IEEE)

standards including TEEE 802,11 standards and/or proposed specifications for
WILANS, although the scope of the invention is not limited in this respect as they
may also be suitable to transmit and/or receive communications in accordance
with other techniques and standards. In some embodiments, the receiver may be

10 configured to receive signals in accordance with the [EEE 802.16-2004, the
IEEE 802.16{¢) and/or IEEE 802 16(m) standards for wireless metropolitan area
networks (WMANs) including variations and evolutions thereof, although the
scope of the invention 1s not limited in this respect as they may also be suitable
to transmit and/or receive communications in accordance with other techniques

15 and standards. In some embodiments, the receiver may be configured to receive
signals in accordance with the Universal Terrestrial Radio Access Network
(UTRAN) LTE communication standards. For more information with respect to
the JEEE 802.11 and IEEE 802.16 standards, please refer to “IEEE Standards for
Information Technology -- Telecornmunications and Information Exchange

20 between Systems” - Local Area Networks - Specific Requirements — Part 11
“Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY),
ISO/MEC 8802-11: 19997, and Metropolitan Area Networks ~ Specific
Requirements — Part 16: “Air Interface for Fixed Broadband Wireless Access
Systems,” May 2005 and related amendments/versions. For more information

25  with respect to UTRAN LTE standards, see the 3rd Generation Partnership
Project (3GPP) standards for UTRAN-LTE, including variations and evolutions
thereof.
{00105] The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples {(or one or more aspects
thereof) may be used in combination with others. Other embodiments may be
used, such as by one of ordinary skill in the art upon reviewing the above
description. The Abstract is to allow the reader to quickly ascertain the nature of

the technical disclosure. It 1s submitted with the understanding that it will not be

31
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used to interpret or limit the scope or meaning of the claims. Also, in the above
Detailed Description, various features may be grouped together to streamline the
disclosure. However, the claims may not set forth every feature disclosed herein
as embodiments may feature a subset of said features. Further, embodiments
may include fewer features than those disclosed in a particular example. Thus,
the following claims are hereby incorporated into the Detailed Description, with
a claim standing on its own as a separate embodiment. The scope of the
embodiments disclosed herein is to be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims

are entitled.

L2
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CLAIMS
I. An apparatus for a UE (user equipment), comprising:
memory and processing circuitry configured to:

encode uplink contro} information (UCT) multiplexed with uplink shared
5  channel (UL-SCH) data for transmission over a shared orthogonal frequency
division multiple access (OFDMA) channel in physical resource blocks (PRBs)

of a subframe containing a plurality of time-frequency resource elements (REs);

map a first type of UCT selected from hybrid automatic request repeat
acknowledgement (HARQ-ACK) signals or channel state information (CSI)
10 signals to REs of OFDM symbols of the subframe that also contain

demodulation reference signal {DMRS) REs; and,

map a second tvpe of UCT distinct from the first type selected from
hybrid automatic request repeat acknowledgement (HARQ-ACK)) signals or
chanunel state information (CS1) signals to REs of OFDM symbols of the

15 subframe that do not contain demodulation reference signal (DMRS) REs.

2. The apparatus of claim 1 wherein the memory and processing circuitry
are further configured to map HARQ-ACK signals to REs of OFDM symbols of
the subframe that do not contain DMRS REs and to map rank indicator (RI}

20 signals to REs of OFDM symbols of the subframe that also contain DMRS REs.

~

3. The apparatus of clairn 1 wherein the memory and processing circuitry
are further configured to map HARQ-ACK signals to REs of OFDM symbols of
the subframe that also contain DMRS REs and to roap rank indicator (R} signals

25  to REs of OFDM symbols of the subframe that do not contain DMRS REs

33
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4. The apparatus of claim 1 wherein the memory and processing circuitry
are further configured to map CSI signals not mapped to REs of OFDM symbols
containing DMRS REs to other REs of the subframe in accordance with their

distance from DMRS REs.

5. The apparatus of any of claims 1 through 4 wherein the memory and

processing circuitry are to:

encode uplink contro} information (UCT) multiplexed with uplink shared

channel (UL-SCH) data for transmission over a shared orthogonal frequency
16 division multiple access (OFDMA) channel in physical resource blocks (PRBs)
of a subframe containing a plurality of time-frequency resource elements (REs);

and,

multiplex channel quality information (CQIy with UL-SCH data prior to

RE rmapping.
15

6. The apparatus of claim S wherein the memory and processing circuitry
are to map the channel quality information (CQI) concatenated with UL-SCH
data to REs of the PRB first in the frequency domain and then in the time

domain.
20

7. The apparatus of claim 5 wherein the memory and processing circuitry
are to map the channel quality information (CQI} concatenated with UL-SCH
data to REs of the PRB first in the timme domain and then in the frequency

domain.

25
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8. The apparatus of claim 5 wherein the memory and processing circuitry
are to map the channel quality information (CQI) to REs of the PRB first in the
time domain and then in the frequency domain and to map UL-SCH data to REs

of the PRB first in the frequency domain and then in the time domain.

9. The apparatus of claim 8 wherein the memory and processing circuitry
are 1o divide the channel quality information (CQl) into multiple segments, 1o
map the COI segments to REs of the PRB first in the frequency domain and then
in the frequency domain such that the segments are evenly distributed across the
16 two slots of the subframe, and to map UL-SCH data to REs of the PRB first in

the frequency domain and then in the time domain.

10. The apparatus of claim & wherein the memory and processing circuitry
are to:
15 multiplex CQI with UL-SCH data by first mapping modulated CQI

bits and then modulated UL-SCH bits in a frequency-first, time-afterwards

manneyr,

map modulated rank indicator (R1) bits to OFDM symbols not
containing demodulation reference signal (DMRS) REs
20 map modulated HARQ-ACK bits to OFDM symbols that contain DMRS
REs;
map sounding reference signals (SRS} to the last OFDM symbol of
the subframe; and,
map modulated UL-SCH data bits to remaining REs of the subframe.

25

11, The apparatus of claim 10 wherein the memory and processing circuitry
and transceiver are to map UCI to REs assuming a DMRS pattern corresponding

to the largest possible number of transmission layers.

33



WO 2017/019132 PCT/US2016/025569

18

15

20

25

12, An apparatus for a UE (user equipment) comprising:
memory and processing circuitry;
wherein the memory and processing circuitry are configured to:

encode uplink control information (UCI multiplexed with uplink shared
channel (UL-SCH) data for transmission over a shared orthogonal frequency
division multiple access (OFDMA) channel in physical resource blocks (PRBs)
of a subframe countaining a plurality of time-frequency resource elements (REs),
wherein the shared OFDMA channel includes a physical uplink shared channel

(PUSCH) and a physical uplink control channel (PUCCH); and,

if the UE receives downlink control information of one type, encode
the UL-SCH data on the PUSCH and encode the UCI on the PUCCH and, if
the UE receives dowunlink control information of another type, encode the

UL-SCH data and UCI on the PUSCH.

13 The apparatus of claim 12 wherein the memory and processing

circuitry are to time-division multiplex the PUCCH and the PUSCH.

4. The apparatus of claim 12 wherein the memory and processing

circuitry are to are to frequency-division multiplex the PUCCH and the PUSCH.

Is. The apparatus of any of claims 12 through 14 wherein the memory
and processing circuitry are to map HARQ ACK/NACK bits to the PUCCH
and map other UCI to the PUSCH.

36
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16. A computer-readable medium comprising instructions to cause a user
equipment {(UE), upon execution of the instructions by processing circuitry of

the UE, to:

multiplex uplink control information (UCH) with uplink shared channel
5  (UL-SCH) data in physical resource blocks (PRBs) of a subframe containing a
plurality of time-frequency resource elements (REs) for transmission over a

shared orthogoual frequency division multiple access (OFDMA) channel;

map a first type of UCH selected from hybrid automatic request repeat
acknowledgement (HARQ-ACK) signals or channel state information (CSI)
16 signals to REs of OFDM symbols of the subframe that also contain

demodulation reference signal (BMRS) REs; and,

map a second type of UCH distinct from the first type selected from
hybrid automatic request repeat acknowledgement (HARQ-ACK) signals or
channel state information (CSI) signals to REs of OFDM symbols of the

15 subframe that do not contain demodulation reference signal (BMRS) REs.

17 The medium of claim 16 further comprising instructions to map HARQ-
ACK signals to REs of OFDM symbols of the subframe that do not contain
DMRS REs and to map rank indicator (RI) signals to REs of OFDM symbols of

20 the subframe that also contain DMRS REs.

18. The medium of claim 16 further comprising instructions to map HARQ-
ACK signals to REs of OFDM symbols of the subframe that also contain DMRS
REs and to map rank indicator (R} signals to REs of OFDM symbols of the

25  subframe that do not contain DMRS REs

37
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19. The medium of claim 16 further comprising instructions to map CSI
signals not mapped to REs of OFDM symbols containing DMRS REs to other

REs of the subframe in accordance with their distance from DMRS REs.

20, The medium of claim 16 further comprising instructions to nmultipiex

channel quality information (CQI) with UL-SCH data prior to RE mapping.

2% The medium of claim 20 further comprising instructions to map the
channel quality information (CQI) concatenated with UL-SCH data to REs of the

PRB first in the frequency domain and then in the time domain.

22. The medium of claim 20 further comprising instructions to map the
channel quality information (CQ1) concatenated with UL-SCH data to REs of the

PRB first in the time domain and then in the frequency domain.

23. The medium of claim 20 further comprising instructions to map the
channel quality information (CQI) to REs of the PRB first in the time domain
and then in the frequency domain and to map UL-SCH data to REs of the PRB

first in the frequency domain and then in the time domain.

24, The medium of claim 23 further comprising instructions to divide the
channel quality information (CQI) into multiple segments, to map the CQI
segments to REs of the PRB f{irst in the frequency domain and then in the
frequency domain such that the segments are evenly distributed across the two
stots of the subframe, and to map UL-SCH data to REs of the PRB first in the

frequency domain and then in the time domain.

34
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25. The apparatus of claim 1 or 12 wherein the processing circuitry

comprises a baseband processor.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
L claims 1-11 and 16-25 directed to a user equipment and a computer-readable medium comprising circuitry configured to: encode
UCI multiplexed with UL-SCH data, map a first type of UCI to REs of OFDM symbols of a subframe that contain DMRS REs, and
map a second type of UCI to REs of OFDM symbols of the subframe that do not contain DMRS REs.

IL. claims 12-15 directed to a user equipment comprising circuitry configured to encode UCI multiplexed with UL-SCH data,
encode the UL-SCH data on PUSCH if the UE receives DCI of one type, and encode the UL-SCH data and UCI on the PUSCH if
the UE receives DCI of another type.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-11,16-25

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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