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(57) Abstract: Anuplink transmission method using unlicensed spectrum is disclosed. The method includes: generating a corresponding
uplink signal for an assigned enhanced physical uplink control channel (PUCCH), where the enhanced PUCCH belongs to the unlicensed

spectrum, and corresponds to at least two physical resource blocks (PRBs) in frequency domain at a same time point;

and using the

enhanced PUCCH to transmit the uplink signal. Resource assignment methods, user equipment, and base stations using the unlicensed
spectrum are further disclosed. Thereby, the present disclosure can effectively increase the bandwidth occupied by the PUCCH.
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UPLINK TRANSMISSION METHODS, ASSIGNMENT
METHODS, USER EQUIPMENT, AND BASE STATIONS, USING

UNLICENSED SPECTRUM

FIELD OF THE DISCLOSURE
[0001] The present disclosure relates to the field of communications, and more
particularly, to uplink transmission methods, assignment methods, user equipment,

and base stations, using unlicensed spectrum.

BACKGROUND OF THE DISCLOURE
[0002] As mobile communications continue to develop and the demand for mobile
broadband is rapidly increasing, the scarcity of spectrum resources, especially
licensed spectrum resources, has posed an urgent challenge to mobile
communications. To meet the increasingly growing demand for data rate, traffic,
and bandwidth, and thus to mitigate the current spectrum scarcity crisis, 3GPP has
launched a study item on Licensed-Assisted Access (LAA) to unlicensed spectrum.
[0003] LAA is an auxiliary access technology which offloads the cellular traffic in
the licensed band to the unlicensed spectrum. By means of the carrier aggregation
framework, a licensed carrier may be used by a primary cell (PCell) to carry critical
information to maintain the Quality of Service (QoS), while another carrier on the
unlicensed band may be opportunistically employed by a secondary cell (SCell) to
boost the data rate.
[0004] Typically, a physical uplink control channel (PUCCH) may be used to
transmit uplink control information (UCI). The UCI is typically handled by PCell.
Thus, as the number of SCells increases, the UCI load on the PCell will also be
drastically increased. In view of this, it is proposed to support the PUCCH
transmission over the LAA SCells, to reduce the load on the PCell of licensed
spectrum and to increase the number of SCells.

[0005] The LTE legacy PUCCH is located at the PRBs around the two edges of the
1
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system bandwidth in frequency domain, and hoping across the two edges between two
time-slots, as is shown in FIG. 1. Therefore, the PUCCH only occupies one PRB in
one slot, one PRB including 12 continuous subcarriers in the frequency domain. The
bandwidth occupied by the PUCCH would be merely 180KHz given that one

subcarrier spans 15KHz.

SUMMARY OF THE DISCLOSURE
[0006] A principal technical problem to be addressed by the disclosure is to provide
uplink transmission methods, assignment methods, user equipment, and base stations,
using unlicensed spectrum, to solve the problem existing in the prior art that in the
LAA SCells the PUCCH occupies a small bandwidth.
[0007] To address the above technical problem, one technical solution adopted by
the disclosure is to provide an uplink transmission method using unlicensed spectrum,
the method comprising: generating a corresponding uplink signal for an assigned
enhanced physical uplink control channel (PUCCH), where the enhanced PUCCH
belongs to the unlicensed spectrum, and comprises at least two physical resource
blocks (PRBs) in frequency domain at a same time point; and using the enhanced
PUCCH to transmit the uplink signal.
[0008] The corresponding PRBs in the frequency domain of the enhanced PUCCH
may comprise at least one interlaced PRB group. The at least one interlaced PRB
group may comprise at least three non-continuous and equally spaced PRBs in the
frequency domain.
[0009] The m index of the legacy PUCCH may be mapped to the index of the
assigned interlaced PRB group of the enhanced PUCCH.
[0010] The highest and the lowest frequency of the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.
[0011] The enhanced PUCCH may occupy smaller than one sub-frame whilst not
smaller than one symbol in time domain.

[0012] The step of using the enhanced PUCCH to transmit the uplink signal may
2
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comprise: using the enhanced PUCCH to transmit the uplink signal during the
remaining partial sub-frame after an end of downlink transmission which occupies
only a part of the sub-frame.

[0013] The step of using the enhanced PUCCH to transmit the uplink signal during
the remaining partial sub-frame after the end of the downlink transmission which
occupies only a part of the sub-frame may comprise: using the enhanced PUCCH to
transmit the uplink signal during an uplink pilot timeslot (UpPTS) in the remaining
partial sub-frame.

[0014] The step of using the enhanced PUCCH to transmit the uplink signal during
the remaining partial sub-frame after the end of the downlink transmission which
occupies only a part of the sub-frame may comprise: using the enhanced PUCCH to
transmit the uplink signal during a guard period (GP) in the remaining partial
sub-frame.

[0015] The step of using the enhanced PUCCH to transmit the uplink signal during
the remaining partial sub-frame after the end of the downlink transmission which
occupies only a part of the sub-frame may comprise: using the enhanced PUCCH to
transmit the uplink signal right after the downlink transmission with a duration gap no
larger than a preset value.

[0016] The step of using the enhanced PUCCH to transmit the uplink signal during
the remaining partial sub-frame after the end of the downlink transmission which
occupies only a part of the sub-frame may comprise: transmitting an uplink
reservation signal right after the downlink transmission with a duration gap no larger
than a preset value; and using the enhanced PUCCH to transmit the uplink signal right
after the uplink reservation signal.

[0017] The length of a corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission.

[0018] The step of generating the corresponding uplink signal for the assigned
enhanced PUCCH may comprise: obtaining a block of complex-valued symbols based

on a block of bits to be transmitted, and a reference signal sequence based on
3
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corresponding cyclic shift; mapping the block of complex-valued symbols and the
reference signal sequence to resource elements (REs) occupied by the enhanced
PUCCH; generating baseband signal using the REs; and modulating and upconverting
the baseband signal to the carrier frequency to obtain the uplink signal.

[0019] The enhanced PUCCH may be of a format 3. The step of obtaining the
block of complex-valued symbols based on the block of bits to be transmitted, may
comprise: scrambling and modulating the block of bits to be transmitted to obtain
complex-valued modulation symbols; block-wise spreading the complex-valued
modulation symbols in time domain to obtain the block of complex-valued symbols.
[0020] The step of mapping the block of complex-valued symbols and the reference
signal sequence to the REs of the enhanced PUCCH may comprise: mapping
sequentially the complex-valued symbols in the block to the REs to be assigned the
block, in increasing order of first the subcarriers indexes and then the symbols indexes,
and mapping sequentially the reference signals in the reference signal sequence to the
REs to be assigned the reference signal sequence, in increasing order of first the
subcarriers indexes and then the symbols indexes.

[0021] The REs included in the enhanced PUCCH may comprise at least two
symbols in time domain. The step of mapping both the block of complex-valued
symbols and the reference signal sequence to the REs included in the enhanced
PUCCH may comprise: mapping the block of complex-valued symbols and the
reference signal sequence to the REs in the enhanced PUCCH that correspond to
different symbols in time domain, respectively, wherein the REs to be assigned the
block of complex-valued symbols and the reference signal sequence may belong to at
least two PRBs in the frequency domain.

[0022] The step of mapping the block of complex-valued symbols and the reference
signal sequence to the REs of the enhanced PUCCH may comprise: mapping part or
all of the block of complex-valued symbols and part or all of the reference signal
sequence to the REs in the enhanced PUCCH that correspond to a same symbol in the
time domain.

[0023] The step of mapping the block of complex-valued symbols and the reference
4
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signal sequence to the REs of the enhanced PUCCH may comprise: mapping
repeatedly part or all of the block of complex-valued symbols and part or all of the
reference signal sequence to the REs in the enhanced PUCCH.

[0024] Of the REs in the enhanced PUCCH at least one RE may be set to 0.

[0025] The method may further comprise, before the step of generating the
corresponding uplink signal for the enhanced PUCCH: selecting among a plurality of
assigned carriers of the unlicensed spectrum at least one carrier for the enhanced
PUCCH.

[0026] The step of using the enhanced PUCCH to transmit the uplink signal may
comprise: performing a clear channel assessment (CCA) on a channel to be detected
to determine whether the detected channel is available, wherein the detected channel
may be one corresponding to the entire system bandwidth or to the enhanced PUCCH;
when the channel is available, using the enhanced PUCCH to transmit the uplink
signal.

[0027] The method may further comprise, before the step of using the enhanced
PUCCH to transmit the uplink signal when the detected channel is available: when
there is a time interval between after determination the channel is evaluated as
available and before a start of the corresponding transmission period of the enhanced
PUCCH, using the detected channel to transmit reservation signal during the time
interval to indicate the detected channel is occupied or will be occupied.

[0028] Another technical solution adopted by the disclosure is to provide an
assignment method using unlicensed spectrum, the method comprising: assigning an
enhanced PUCCH to a user equipment (UE), such that the UE generates a
corresponding uplink signal and transmits it over the enhanced PUCCH, wherein the
enhanced PUCCH may belong to the unlicensed spectrum and comprise at least two
physical resource block (PRBs) in frequency domain at a same time point.

[0029] The method may further comprise, before the step of assigning the enhanced
PUCCH to the UE: dividing the unlicensed spectrum to multiple interlaced PRBs,
where each interlaced PRB may comprise at least three non-continuous and equally

spaced PRBs, and the PRBs of different interlaced PRB groups are arranged
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alternatively in the frequency domain. The step of assigning the enhanced PUCCH
to the UE may comprise: assigning to the UE an enhanced PUCCH which comprises
at least one interlaced PRB group in the frequency domain.

[0030] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.

[0031] The enhanced PUCCH may occupy smaller than one sub-frame whilst not
smaller than one symbol in time domain.

[0032] The corresponding transmission period of the enhanced PUCCH may be
located within a remaining partial sub-frame after an end of downlink transmission
which occupies only a part of the sub-frame.

[0033] The corresponding transmission period of the enhanced PUCCH may be
located within an uplink pilot timeslot (UpPTS) in the remaining partial sub-frame.
[0034] The corresponding transmission period of the enhanced PUCCH may be
located within a guard period (GP) in the remaining partial sub-frame.

[0035] The corresponding transmission period of the enhanced PUCCH may be
initiated right after the downlink transmission with a duration gap no larger than a
preset value.

[0036] The length of the corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission.

[0037] The downlink transmission may comprise downlink burst transmission and
downlink reservation signal transmission, and the downlink reservation signal may
initiate after an end of the downlink burst transmission.

[0038] Yet another technical solution adopted by the disclosure is to provide a user
equipment (UE), comprising a generation module configured to generate a
corresponding uplink signal for an assigned enhanced physical uplink control channel
(PUCCH), where the enhanced PUCCH may belong to the unlicensed spectrum and
comprise at least two physical resource blocks (PRBs) in frequency domain at a same

time point; and a transmission module configured to transmit the uplink signal over
6
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the enhanced PUCCH.

[0039] The corresponding PRBs in the frequency domain of the enhanced PUCCH
may comprise at least one interlaced PRB group. The at least one interlaced PRB
group may comprise at least three non-continuous and equally spaced PRBs in the
frequency domain.

[0040] The highest and the lowest frequency of the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.

[0041] The enhanced PUCCH may occupy smaller than one sub-frame whilst not
smaller than one symbol in the time domain.

[0042] The transmission module may be configured to use the enhanced PUCCH to
transmit the uplink signal during the remaining partial sub-frame after an end of
downlink transmission which occupies only a part of the sub-frame.

[0043] The transmission module may be configured to use the enhanced PUCCH to
transmit the uplink signal during an uplink pilot timeslot (UpPTS) in the remaining
partial sub-frame.

[0044] The transmission module may be configured to use the enhanced PUCCH to
transmit the uplink signal during a guard period (GP) in the remaining partial
sub-frame.

[0045] The transmission module may be configured to use the enhanced PUCCH to
transmit the uplink signal right after the downlink transmission with a duration gap no
larger than a preset value.

[0046] The transmission module may be configured to transmit an uplink reservation
signal right after the downlink transmission with a duration gap no larger than a preset
value, and use the enhanced PUCCH to transmit the uplink signal right after the
uplink reservation signal.

[0047] The length of a corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission.

[0048] The generation module may comprise: a sequencing unit configured to obtain
7
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a block of complex-valued symbols based on a block of bits to be transmitted and a
reference signal sequence based on corresponding cyclic shift; a mapping unit
configured to map the block of complex-valued symbols and the reference signal
sequence to resource elements (REs) occupied by the enhanced PUCCH; a baseband
unit configured to generate baseband signal using the REs; and a modulation unit
configured to modulate and upcovert the baseband signal to the carrier frequency to
obtain the uplink signal.

[0049] The mapping unit may be configured to map sequentially the complex-valued
symbols in the block to the REs to be assigned the block, in increasing order of first
the subcarriers indexes and then the symbols indexes, and mapping sequentially the
reference signals in the reference signal sequence to the REs to be assigned the
reference signal sequence, in increasing order of first the subcarriers indexes and then
the symbols indexes.

[0050] The REs included in the enhanced PUCCH may comprise at least two
symbols in time domain. The mapping unit may be configured to map the block of
complex-valued symbols and the reference signal sequence to the REs in the
enhanced PUCCH that correspond to different symbols in time domain, respectively,
wherein the REs to be assigned the block of complex-valued symbols and the
reference signal sequence may belong to at least two PRBs in the frequency domain.
[0051] The UE may further comprise a selection module configured to select among
a plurality of assigned carriers of the unlicensed spectrum at least one carrier for the
enhanced PUCCH.

[0052] The transmission module may comprise an evaluation unit configured to
perform a clear channel assessment (CCA) on a channel to be detected to determine
whether the detected channel is available, wherein the detected channel may be one
corresponding to the entire system bandwidth or to the enhanced PUCCH. The
transmission module may transmit the uplink signal using the enhanced PUCCH
when the detected channel is available.

[0053] The transmission module may further comprise a reservation unit configured

to, when there is a time interval between after determination the channel is evaluated
8



WO 2017/219284 PCT/CN2016/086732

as available and before a start of the corresponding transmission period of the
enhanced PUCCH, use the channel to transmit reservation signal during the time
interval to indicate the channel is occupied or will be occupied.

[0054] Still another technical solution adopted by the disclosure is to provide a base
station comprising: an assignment module configured to assign an enhanced physical
uplink control channel (PUCCH) to a user equipment (UE), such that the UE
generates a corresponding uplink signal and transmits it over the enhanced PUCCH,
wherein the enhanced PUCCH may belong to the unlicensed spectrum and comprise
at least two physical resource blocks (PRBs) in frequency domain at a same time
point.

[0055] The base station may further include a division module configured to divide
the unlicensed spectrum to multiple interlaced PRBs, where each interlaced PRB may
comprise at least three non-continuous and equally spaced PRBs, and the PRBs of
different interlaced PRB groups may be arranged alternatively in frequency domain;
and an assignment module configured to assign to the UE an enhanced PUCCH which
comprises at least one interlaced PRB group in the frequency domain.

[0056] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.

[0057] The enhanced PUCCH may occupy smaller than one sub-frame whilst not
smaller than one symbol in time domain.

[0058] The corresponding transmission period of the enhanced PUCCH may be
located within a remaining partial sub-frame after an end of downlink transmission
which occupies only a part of the sub-frame.

[0059] The corresponding transmission period of the enhanced PUCCH may be
located within an uplink pilot timeslot (UpPTS) in the remaining partial sub-frame.
[0060] The corresponding transmission period of the enhanced PUCCH may be
located within a guard period (GP) in the remaining partial sub-frame.

[0061] The corresponding transmission period of the enhanced PUCCH may be

initiated right after the downlink transmission with a duration gap no larger than a
9
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preset value.

[0062] The length of the corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission.

[0063] The downlink transmission may comprise downlink burst transmission and
downlink reservation signal transmission, and the downlink reservation signal may
initiate after an end of the downlink burst transmission.

[0064] Still another technical solution adopted by the disclosure is to provide a user
equipment (UE), comprising a processor and a communication circuit connected to
the processor. The processor may be configured to: generate a corresponding uplink
signal for an assigned enhanced physical uplink control channel (PUCCH), where the
enhanced PUCCH may belong to the unlicensed spectrum and comprise at least two
physical resource blocks (PRBs) in frequency domain at a same time point; and use
the enhanced PUCCH to transmit the uplink signal via the communication circuit.
[0065] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.

[0066] The corresponding PRBs in the frequency domain of the enhanced PUCCH
may comprise at least one interlaced PRB group. The at least one interlaced PRB
group may comprise at least three non-continuous and equally spaced PRBs in the
frequency domain.

[0067] The processor may be configured to map the m index of the legacy PUCCH
to the index of the assigned interlaced PRB group of the enhanced PUCCH.

[0068] The enhanced PUCCH may occupy smaller than one sub-frame whilst not
smaller than one symbol in time domain.

[0069] The processor may be configured to use the enhanced PUCCH to transmit via
the communication circuit the uplink signal during a remaining partial sub-frame after
an end of downlink transmission which occupies only a part of the sub-frame.

[0070] The processor may be configured to use the enhanced PUCCH to transmit via

the communication circuit the uplink signal during an uplink pilot timeslot (UpPTS)
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in the remaining partial sub-frame.

[0071] The processor may be configured to use the enhanced PUCCH to transmit via
the communication circuit the uplink signal during a guard period (GP) in the
remaining partial sub-frame.

[0072] The processor may be configured to use the enhanced PUCCH to transmit via
the communication circuit the uplink signal right after the downlink transmission with
a duration gap no larger than a preset value.

[0073] The processor may be configured to transmit via the communication circuit
an uplink reservation signal right after the downlink transmission with a duration gap
no larger than a preset value, and use the enhanced PUCCH to transmit via the
communication circuit the uplink signal right after the uplink reservation signal.
[0074] The length of a corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission.

[0075] The processor may be configured to: obtain a block of complex-valued
symbols based on a block of bits to be transmitted and a reference signal sequence
based on corresponding cyclic shift; map the block of complex-valued symbols and
the reference signal sequence to resource elements (REs) occupied by the enhanced
PUCCH; generate baseband signal using the REs; and modulate and upcovert the
baseband signal to the carrier frequency to obtain the uplink signal.

[0076] The enhanced PUCCH may be of a format 3. The processor may be
configured to: scramble and modulate the block of bits to be transmitted to obtain
complex-valued modulation symbols; block-wise spread the complex-valued
modulation symbols in time domain to obtain the block of complex-valued symbols.
[0077] The processor may be configured to map sequentially the complex-valued
symbols in the block to the REs to be assigned the block, in increasing order of first
the subcarriers indexes and then the symbols indexes, and mapping sequentially the
reference signals in the reference signal sequence to the REs to be assigned the
reference signal sequence, in increasing order of first the subcarriers indexes and then

the symbols indexes.
1
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[0078] The REs included in the enhanced PUCCH may comprise at least two
symbols in time domain. The processor may be configured to map the block of
complex-valued symbols and the reference signal sequence to the REs in the
enhanced PUCCH that correspond to different symbols in time domain, respectively,
wherein the REs to be assigned the block of complex-valued symbols and the
reference signal sequence may belong to at least two PRBs in the frequency domain.
[0079] The processor may be configured to map part or all of the block of
complex-valued symbols and part or all of the reference signal sequence to the REs in
the enhanced PUCCH that correspond to a same symbol in the time domain.

[0080] The processor may be configured to map repeatedly part or all of the block of
complex-valued symbols and part or all of the reference signal sequence to the REs in
the enhanced PUCCH.

[0081] Of the REs in the enhanced PUCCH, at least one RE may be set to 0.

[0082] The processor may be further configured to select among a plurality of
assigned carriers of the unlicensed spectrum at least one carrier for the enhanced
PUCCH.

[0083] The processor may be configured to: perform through the communication
circuit a clear channel assessment (CCA) on a channel to be detected to determine
whether the detected channel is available, wherein the detected channel may be one
corresponding to the entire system bandwidth or to the enhanced PUCCH; and, when
the detected channel is available, use the enhanced PUCCH to transmit the uplink
signal.

[0084] The processor may be further configured to, when there is a time interval
between after determination the channel is evaluated as available and before a start of
the corresponding transmission period of the enhanced PUCCH, use the channel to
transmit reservation signal during the time interval to indicate the channel is occupied
or will be occupied.

[0085] Still another technical solution adopted by the disclosure is to provide a base
station comprising a processor and a transceiver connected to the processor. The

processor may be configured to: assign an enhanced physical uplink control channel
12
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(PUCCH) to a user equipment (UE), such that the UE generates a corresponding
uplink signal and transmits it over the enhanced PUCCH, wherein the enhanced
PUCCH may belong to unlicensed spectrum and comprise at least two physical
resource blocks (PRBs) in frequency domain at a same time point.

[0086] The processor may be further configured to: divide the unlicensed spectrum
to multiple interlaced PRBs, where each interlaced PRB may comprise at least three
non-continuous and equally spaced PRBs, and the PRBs of different interlaced PRB
groups may be arranged alternatively in frequency domain; and assign via the
transceiver to the UE an enhanced PUCCH which comprises at least one interlaced
PRB group in the frequency domain.

[0087] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference no smaller than 80% of the entire system
bandwidth.

[0088] The enhanced PUCCH may occupy smaller than one sub-frame whilst not
smaller than one symbol in time domain.

[0089] The corresponding transmission period of the enhanced PUCCH may be
located within a remaining partial sub-frame after an end of downlink transmission
which occupies only a part of the sub-frame.

[0090] The corresponding transmission period of the enhanced PUCCH may be
located within an uplink pilot timeslot (UpPTS) in the remaining partial sub-frame.
[0091] The corresponding transmission period of the enhanced PUCCH may be
located within a guard period (GP) in the remaining partial sub-frame.

[0092] The corresponding transmission period of the enhanced PUCCH may be
initiated right after the downlink transmission with a duration gap no larger than a
preset value.

[0093] The length of the corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission.

[0094] The downlink transmission may comprise downlink burst transmission and

downlink reservation signal transmission, and the downlink reservation signal may
13
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initiate after an end of the downlink burst transmission.
[0095] Advantages of the disclosure may follow: by using the enhanced PUCCH
which comprises at least two PRBs in the frequency domain at a same time point, the

bandwidth occupied by the PUCCH can be effectively increased.

BRIEF DESCRIPTION OF THE DRAWINGS
[0096] FIG. 1 is a schematic diagram showing the resource distribution related to
existing PUCCH.
[0097] FIG. 2 is a flowchart illustrating a first embodiment of an uplink transmission
method using unlicensed spectrum according to the disclosure.
[0098] FIG. 3 is a flowchart illustrating an embodiment of an uplink transmission
method using unlicensed spectrum according to the disclosure.
[0099] FIG. 4 is a schematic diagram illustrating the division of interlaced PRB
groups in an uplink transmission method using unlicensed spectrum according to an
embodiment of the disclosure.
[00100] FIG. 5 is a schematic diagram illustrating the execution of the LBT procedure
before the start of the enhanced PUCCH transmission in an uplink transmission
method using unlicensed spectrum according to an embodiment of the disclosure.
[00101] FIG. 6 is a schematic diagram illustrating the execution of the LBT procedure
with the transmission of reservation signal in an uplink transmission method using
unlicensed spectrum according to an embodiment of the disclosure.
[00102] FIG. 7 is a schematic diagram illustrating a second embodiment of an uplink
transmission method using unlicensed spectrum according to the disclosure.
[00103] FIG. 8 is a schematic diagram illustrating the enhanced PUCCH transmission
during the remaining partial sub-frame without LBT procedure in an uplink
transmission method using unlicensed spectrum according to an embodiment of the
disclosure.
[00104] FIG. 9 is a schematic diagram illustrating the downlink transmission
comprising downlink burst transmission and downlink reservation signal transmission

in an uplink transmission method using unlicensed spectrum according to an
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embodiment of the disclosure.

[00105] FIG. 10 is a flowchart illustrating a third embodiment of an uplink
transmission method using unlicensed spectrum according to the disclosure.

[00106] FIG. 11 is a schematic diagram illustrating the mapping to the enhanced
PUCCH when the block of bits to be transmitted is of the format 1/1a/1b in an uplink
transmission method using unlicensed spectrum according to an embodiment of the
disclosure.

[00107] FIG. 12 is a schematic diagram illustrating the mapping to the enhanced
PUCCH when the block of bits to be transmitted is of the format 2/2a/2b in an uplink
transmission method using unlicensed spectrum according to an embodiment of the
disclosure.

[00108] FIG. 13 is a schematic diagram illustrating the mapping to the enhanced
PUCCH when the block of bits to be transmitted is of the format 3 in an uplink
transmission method using unlicensed spectrum according to an embodiment of the
disclosure.

[00109] FIG. 14 shows the ACK missed detection probabilities for format la
according to an embodiment of the disclosure.

[00110] FIG. 15 shows the ACK missed detection probabilities for format 1b
according to an embodiment of the disclosure.

[00111] FIG. 16 shows a flowchart illustrating a first embodiment of an assignment
method using unlicensed spectrum according to the disclosure.

[00112] FIG. 17 shows a flowchart illustrating a second embodiment of an assignment
method using unlicensed spectrum according to the disclosure.

[00113] FIG. 18 shows a block diagram of a first embodiment of a user equipment
(UE) according to the disclosure.

[00114] FIG. 19 shows a block diagram of an embodiment of a UE according to the
disclosure.

[00115] FIG. 20 shows a block diagram of a second embodiment of a UE according to
the disclosure.

[00116] FIG. 21 shows a block diagram of a third embodiment of a UE according to
15
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the disclosure.

[00117] FIG. 22 shows a block diagram of a fourth embodiment of a UE according to
the disclosure.

[00118] FIG. 23 shows a block diagram of a first embodiment of a base station
according to the disclosure.

[00119] FIG. 24 shows a block diagram of a second embodiment of a base station
according to the disclosure.

[00120] FIG. 25 shows a block diagram of a third embodiment of a base station

according to the disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE
[00121] Referring to FIG. 2, there is shown a first embodiment of an uplink
transmission method using unlicensed spectrum according to the disclosure. The
first embodiment uplink transmission method can be implemented on a user
equipment (UE). The UE can be stationary or mobile, including, but not limited to,
cellular phones, personal digital assistants (PDA), wireless modems, tablet computers,
notebook computers, cordless phones, and so forth. The embodiment can comprise
the following steps.
[00122] In a first step S11, a corresponding uplink signal may be generated for an
assigned enhanced physical uplink control channel (PUCCH).
[00123] The enhanced PUCCH may belong to the unlicensed spectrum, and may
correspond to at least two physical resource blocks (PRBs) in the frequency domain at
a same time point.
[00124] When the UE is assigned at least two carriers of the unlicensed spectrum, i.e.,
LAA SCells, if the assigned enhanced PUCCH corresponds to one or more specific
LAA SCells, the UE can transmit the enhanced PUCCH over the specific LAA
SCell(s); otherwise if the assigned enhanced PUCCH does not correspond to any
specific LAA SCells, referring to FIG. 3, in step S10, the UE can autonomously select
among assigned LAA SCells one or more LAA SCells for the enhanced PUCCH

before generating the corresponding uplink signal, for example, select a clear LAA
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SCell having the lowest frequency index to transmit the enhanced PUCCH.

[00125] The corresponding PRBs of the enhanced PUCCH can be continuous or
non-continuous in the frequency domain. The different PRBs in the frequency
domain of the enhanced PUCCH may carry the same or different contents.

[00126] The enhanced PUCCH can occupy one sub-frame, i.c., two continuous
time-slots, the same as the PUCCH in the existing LTE/LET-A standards, or can
occupy smaller than one sub-frame while not smaller than one symbol. When the
enhanced PUCCH includes more than one symbol in the time domain, the PRBs of
the enhanced PUCCH in different symbols may be the same or different in the
frequency domain. Typically, the symbol refers to an SC-FDMA symbol. The
number of SC-FDMA symbols in one time-slot may depend on a length of the cyclic
prefix (CP). For a conventional CP, each time-slot may comprise seven SC-FDMA
symbols, whilst for an extended CP, each time-slot may comprise six SC-FDMA
symbols.

[00127] The enhanced PUCCH can be used to transmit at least the uplink control
information (UCI), including uplink scheduling request (SR), hybrid automatic repeat
request acknowledgment/negative acknowledgment (HARQ ACK/NACK), and
channel state information (CSI). The method may proceed to step S12.

[00128] In the following step S12, the enhanced PUCCH is used to transmit the
uplink signal.

[00129] The enhanced PUCCH may be used to transmit the uplink signal during the
corresponding transmission period of the enhanced PUCCH. A length of the
corresponding transmission period of the enhanced PUCCH may be equal to or longer
than the time length of the enhanced PUCCH in the time domain. When the length
of the corresponding transmission period of the enhanced PUCCH is longer than the
time length of the enhanced PUCCH in the time domain, it can adapt to the
uncertainty of access to the unlicensed spectrum in order to improve the transmission
success probability.

[00130] According to the above embodiment, by using the enhanced PUCCH which

comprises at least two PRBs in the frequency domain at the same time point, the
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bandwidth occupied by the PUCCH can be effectively increased.

[00131] In one embodiment, the corresponding PRBs of the enhanced PUCCH in the
frequency domain may comprise at least one interlaced PRB group. The at least one
interlaced PRB group may comprise at least three non-continuous and equally spaced
PRBs in the frequency domain. The PRBs of different interlaced PRB groups may
be arranged alternatively in the frequency domain. The present embodiment can be
combined with any embodiment of the uplink transmission method using unlicensed
spectrum according to the disclosure.

[00132] Typically, the base station may divide a part or whole of the system
bandwidth belonging to the unlicensed spectrum to multiple interlaced PRB groups,
and may further assign an enhanced PUCCH comprising at least one interlaced PRB
in the frequency domain to the UE. Often, the base station may divide the entire
system bandwidth belonging to the unlicensed spectrum to multiple interlaced PRB
groups. The base station can be connected to a core network and perform wireless
communications with the UE, thus providing communication coverage for the
corresponding geographical area. The base station can include, but not limited to,
macro base stations, micro base stations, or pico base stations. In some
embodiments, a base station can also be interchangeably referred to as a wireless base
station, an access point, a Node B, an evolved Node B (eNodeB or eNB), and so on.
[00133] The corresponding PRBs of the enhanced PUCCH in the frequency domain
may comprise one or more complete interlaced PRB groups, or a part of the one or
more complete interlaced PRB groups and of other interlaced PRB groups, and may
further comprise one or more PRBs in the unlicensed spectrum that do not belong to
any interlaced PRB groups.

[00134] As required by the European Telecommunications Standards Institute (ETSI),
the maximum power spectral density (PSD) for 5150-5350 MHz is limited to 10
dBm/MHz. Similarly, Federal Communications Commission (FCC) in USA set the
peak UE PSD for 5.15-5.725 MHz to 11 dBm/MHz.

[00135] Under the above PSD constraints, given the numbers of the PRBs are the

same, the maximum allowed transmission power in the case that the corresponding
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PRBs in the frequency domain of the PUCCH comprising at least one interlaced PRB
group is typically greater than the maximum allowed transmission power when the
PUCCH corresponds to continuous PRBs in the frequency domain.

[00136] For example, referring now to FIG. 4, suppose the system bandwidth spans a
total of 20MHz. Removing the guard bands at both ends, the system bandwidth is
divided into 100 PRBs{PRBj, PRB;, -+ » PRBgg}. The 100 PRBs are categorized
into 10 interlaced PRB groups {Gg> Gys ***** » Gy}, in the figure each interlaced PRB
group is separately drawn for easy viewing, but in fact these interlaced PRB groups
belong to a common cell. Each interlaced PRB group may comprise 10 PRBs, and
Gi={PRBi:iox}x-01..9. For example, assume the UE is assigned Gy, i.e., {PRBy,
PRByg, v s PRBgg}, then its maximum allowed transmission power would be
20dBm, according to the definition of ETSI. Whilst if the UE is assigned 10
continuous PRBs, such as {PRBy, PRB;, ‘- » PRBy}, then its maximum allowed
transmission power would be merely 13dBm.

[00137] The bigger the maximum allowed transmission power, the higher signal
power can be used by the UE to transmit uplink signal over the enhanced PUCCH,
which can thus ensure a stable transmission of the uplink signal while enabling that
other devices can accurately detect the uplink signal when they perform clear channel
assessment (CCA).

[00138] In one embodiment, the highest and the lowest frequency in the frequency
domain occupied by the enhanced PUCCH may have a difference not smaller than
80% of the entire system bandwidth. The current embodiment can be combined with
any embodiment of the uplink transmission method using unlicensed spectrum
according to the disclosure.

[00139] As required by ETSI, the occupied channel bandwidth (OCB), which is
defined to be the bandwidth containing 99% of signal power, shall be between 80%
and 100% of the declared Nominal Channel Bandwidth.

[00140] In the prior art the PUCCH may occupy only 1 PRB, i.e., 180kHz, in one
time-slot, the OCB of which, even with respect to the smallest system bandwidth,

1.4MHz, is still less than 20% and thus does not meet the requirements of ETSI. In
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contrast, the enhanced PUCCH may comprise at least two PRBs in the frequency
domain at a same time point, and the highest and the lowest frequency occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth. For example, referring still to FIG. 3, the corresponding PRBs of
the enhanced PUCCH in the frequency domain comprise one of ten interlaced PRB
groups, and the corresponding OCB can be as high as 90%.

[00141] In one embodiment, a listen-before-talk (LBT) procedure may be performed
before the enhanced PUCCH transmission, namely, performing a clear channel
assessment (CCA) on a channel to be detected to determine whether the channel is
available. The channel can be one corresponding to the entire system bandwidth, or
one corresponding to the enhanced PUCCH. Only when the detected channel is
available and the LBT procedure succeeds can the enhanced PUCCH be used to
transmit the uplink signal. The current embodiment can be combined with any
embodiment of the uplink transmission method using unlicensed spectrum according
to the disclosure. In other embodiments, the LBT procedures may not be performed
and the enhanced PUCCH will be used directly to transmit uplink signal.

[00142] Referring now to FIG. 5, an LBT procedure is performed within a preset
detection period T1 on the channel to be detected. The preset detection period T1 as
shown in the figure is ahead of the corresponding transmission period T2 of the
enhanced PUCCH, and T1 and T2 do not overlap. When a length of the
corresponding transmission period of the enhanced PUCCH is longer than its time
length in the time domain, the preset detection period can be ecarlier than the
corresponding transmission period of the enhanced PUCCH and may partially overlap
thereto, or the preset detection period may be contained within the corresponding
transmission period of the enhanced PUCCH.

[00143] The LBT procedure can be one-shot, namely, the CCA procedure may be
performed on the detected channel for only once, thus if the channel is found idle, the
LBT procedure succeeds, otherwise if the channel is found occupied, the LBT
procedure fails. The LBT procedure can also be configured with a wvariable

contention window. Specifically, a random number may be selected from the
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contention window and the CCA procedure may be repeatedly performed on the
channel to be detected within the preset detection period, if duration of the channel as
idle is not smaller than the time represented by the random number, the LBT
procedure succeeds.

[00144] According to the above embodiment, the LBT procedures can be performed
before the enhanced PUCCH is used in the LAA SCell to transmit uplink signal, thus
the fair coexistence with other transmission nodes (including Wi-Fi equipment and
equipment used in LAA networks deployed by different operators) using the same
unlicensed spectrum band can be realized. In addition, if the channel corresponding
to the enhanced PUCCH is configured as the channel to be detected, it can, compared
with taking the entire system bandwidth as the channel to be detected, narrow the
channel bandwidth requiring CCA detection, thus enabling that the occupation of the
frequency resources outside of the corresponding channel of the enhanced PUCCH
will not affect the CCA results, reducing the failure probability of the LBT procedures,
and improving the success probability of the enhanced PUCCH transmission.

[00145] Furthermore, when there is a time interval between after determination the
channel is evaluated as available and before a start of the corresponding transmission
period of the enhanced PUCCH, the channel can be used to transmit reservation signal
during the time interval to indicate the channel is occupied or will be occupied. For
example, referring now to FIG. 6, in which the LBT procedure succeeds at time t1 and
the detected channel is evaluated as available. However, the corresponding
transmission starting time of the enhanced PUCCH is time t2, namely there would be
a time interval between times t1 and t2. Thus, the detected channel may be used to
transmit reservation signal during the time interval between the times tl and t2 to
indicate the detected channel is occupied or will be occupied.

[00146] The corresponding transmission starting time of the enhanced PUCCH may
be the start of the corresponding transmission period of the enhanced PUCCH.
Certainly, if the length of the corresponding transmission period of the enhanced
PUCCH is longer than the time length of the enhanced PUCCH in the time domain,

the corresponding transmission starting time of the enhanced PUCCH can be any time
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point in its corresponding transmission period. Typically, the corresponding
transmission starting time of the enhanced PUCCH may be the start of part or all of
the symbols in the corresponding transmission period of the enhanced PUCCH.
Confining the corresponding transmission starting time of the enhanced PUCCH to
the starting time of the symbols can reduce the workload of the base station detecting
the enhanced PUCCH.

[00147] The reservation signal can be used to occupy the detected channel, to avoid
the channel being occupied by other equipment before the start of the transmission
period which thus may cause the UE to be unable to transmit data or may cause
conflicts, thus further improving the success probability of the enhanced PUCCH
transmission.

[00148] The second embodiment of the uplink transmission method using the
unlicensed spectrum is derived based on the first embodiment uplink transmission
method, and further defines that the enhanced PUCCH is used to transmit uplink
signal during the remaining partial sub-frame after an end of downlink transmission
which occupied only a part of the sub-frame, wherein the enhanced PUCCH may
comprise smaller than one sub-frame while not smaller than one symbol in the time
domain.

[00149] Typically, the partial sub-frame occupied by the downlink transmission may
comprise a downlink pilot timeslot (DwPTS), whilst the remaining partial sub-frame
may comprise a guard period (GP) and an uplink pilot timeslot (UpPTS). Lengths of
the DwPTS, GP, and the UpPTS can be configured, but the total length would always
be equal to one sub-frame, i.c., Ims.

[00150] The enhanced PUCCH can be used to transmit uplink signal within the
UpPTS, see UEI shown in FIG. 7; or within the GP, see UE2 shown in FIG 7; or
within a combination of the UpPTS and the GP, see UE3 shown in FIG. 7. It can be
concluded that, when the enhanced PUCCH comprise a relatively short time period in
the time domain, a sub-frame can be time-multiplexed to the enhanced PUCCH
transmissions of multiple UEs, see UE1 and UE2 shown in FIG. 7.

[00151] When the UCI transmitted over the enhanced PUCCH is the HARQ
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ACK/NACK, it can be a confirmation message to the downlink information
transmitted across a specified number of sub-frames before the current sub-frame, or
to the downlink information transmitted over the current sub-frame.

[00152] According to the above embodiment, the enhanced PUCCH can be used to
transmit uplink signal during the remaining partial sub-frame after the end of the
downlink transmission which occupies only a part of the sub-frame, whilst the
PUSCH does not support the transmission during partial sub-frame, thus when the UE
uses the enhanced PUCCH to transmit uplink data, it needs not to compete with the
PUSCH transmissions of the other intra-cell UEs, which thus can improve the success
probability of the PUCCH transmission, and a faster and more reliable UCI
transmission can be achieved. Furthermore, the PUCCH, when compared to the
PUSCH, involves a small amount of data to be transmitted, and the PUCCH
transmission using the remaining partial sub-frame can reduce the PRB
over-utilization and thus can improve the spectrum efficiency.

[00153] Thus, when combining the current embodiment with that shown in FIG. 5 to
further improve the success probability of the PUCCH transmission, more aggressive
LBT parameters can be employed, including longer preset detection period and/or
contention windows of a smaller size, for example, the LBT procedure may be
initiated immediately after the end of the downlink transmission.

[00154] Certainly, the LBT procedure may not be performed, and the enhanced
PUCCH may be used to transmit the uplink signal right after the downlink
transmission with a duration gap no larger than a preset value, e.g., 16us, see UE4
shown in FIG. 8; or an uplink reservation signal may be transmitted by the UE right
after the downlink transmission in order to occupy the channel with a duration gap no
larger than a preset value between the downlink transmission and the uplink
reservation signal, and then the enhanced PUCCH may be used to transmit the uplink
signal right after the uplink reservation signal, see UES shown in FIG. 8.

[00155] In one embodiment, the length of a corresponding transmission period of the
enhanced PUCCH is counted into the maximum channel occupancy time (MCOT) of

the prior downlink transmission, so as to ensure the fair co-existence of the enhanced
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PUCCH with other transmission nodes, in the case that more aggressive LBT
procedure or no LBT procedure is performed before the transmission of enhanced
PUCCH to improve the access probability.

[00156] In one embodiment, the downlink transmission may comprise downlink burst
transmission and downlink reservation signal transmission.  The downlink
reservation signal transmission may initiate right after the end of the downlink burst
transmission. The downlink burst is used to transmit downlink data or control
signaling, whilst the downlink reservation signal is transmitted by the base station,
and used to occupy the channel for the later transmission of the enhanced PUCCH by
the UE, such that the UE can have more time to switch from the receiving mode to
transmitting mode at the communication circuit, or can have more time to generate the
corresponding uplink signal, or to align the enhanced PUCCH transmission to the
symbol boundary.

[00157] The current embodiment can be combined with any of the above
embodiments. When it is combined with the embodiment as shown in FIG. 8, the
enhanced PUCCH may be used to transmit the uplink signal right after the downlink
reservation signal transmission with a duration gap no larger than a preset value, see
UEG6 shown in FIG. 9; or an uplink reservation signal may be transmitted by the UE
right after the downlink reservation signal transmission with a duration gap no larger
than a preset value, and then the enhanced PUCCH may be used to transmit the uplink
signal right after the uplink reservation signal transmission , see UE7 shown in FIG. 9.
[00158] Referring now to FIG. 10, which shows a third embodiment of an uplink
transmission method using unlicensed spectrum, which is derived based on the first
embodiment uplink transmission method and further defines the step S11. The step
S11 in the current embodiment may comprise the following sub-steps.

[00159] In the first sub-step S111, a block of complex-valued symbols may be
obtained based on the block of bits to be transmitted, and a reference signal sequence
may be derived based on the corresponding cyclic shift.

[00160] To be compatible with the PUCCH in the existing standards, the block of

complex-valued symbols and the reference signal sequence can be derived by the
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same manner as in the existing standards, see more details in 3GPP (3rd Generation
Partnership Project) TS (Technical Specification) 36.211 v13.1.0, which is
incorporated herein in its entirety. Certainly, the block of complex-valued symbols
and the reference signal sequence can also be derived by other methods, for example,
based on the existing standards, some steps may be omitted, added, or modified, or
completely differentiated steps may be employed.

[00161] In the next sub-step, the block of complex-valued symbols and the reference
signal sequence may be mapped to the resource elements (REs) belonging to the
enhanced PUCCH.

[00162] An RE is the smallest resource unit used in the uplink transmission, and
corresponds to one subcarrier in the frequency domain and one symbol in the time

domain. An RE may be defined by a unique sequence index pair (k, 1), where

k=0,...,Ngy NX° —1 is the sequence index of a subcarrier in the frequency domain,

while /=0,...,Ng- —1 is the sequence index of a symbol in the time domain.

Wherein, the Ny, may represent a total number of the PRBs in the uplink
bandwidth; N3° may represent a number of subcarriers included in one PRB in the

frequency domain, the number is 12 in the existing standards; N

ym

, may represent a

number of SC-FDMA symbols in one uplink time-slot, and for the conventional CP,

NY =7, while for the extended CP, N'* =6.

symb symb
[00163] As with the mapping method in the existing standards, the complex-valued
symbols in the block of complex-valued symbols first can be multiplied with an
amplitude scaling factor, and then be mapped sequentially to the REs to be assigned
the block, in increasing order of first the subcarriers indexes and then the symbols
indexes. Likewise, the reference signals in the reference signal sequence may also
be multiplied with an amplitude scaling factor, and then be mapped sequentially to the
REs to be assigned the reference signal sequence, in increasing order of first the
subcarriers indexes and then the symbols indexes. If the enhanced PUCCH strides

across two time-slots in the time domain, the mapping may be performed in
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increasing order of the following dimensions respectively: first the subcarriers indexes,
then the symbols indexes, and finally the time-slots indexes (if necessary). The
mapping can also be done using other methods, such as in increasing order of first the
symbols indexes and then the subcarriers indexes, or in a jumping manner.

[00164] The REs included in the enhanced PUCCH may all be assigned the block of
complex-valued symbols or the reference signal sequence, or there may exist at least
one RE set to 0. If the enhanced PUCCH comprises multiple REs set to 0, to satisfy
the ESTTI’s requirements on OCB and PSD, the case in which the REs set 0 are located
in the same symbol and in the same PRB should be avoided. Furthermore, even
when the case cannot be avoided, i.e., the REs set 0 are located in the same symbol
and in the same PRB, the PRBs set 0 should not be present at either end of the
bandwidth occupied by the enhanced PUCCH.

[00165] In the enhanced PUCCH the REs assigned the block of complex-valued
symbols can correspond to the same or different symbols from the REs assigned the
reference signal sequence. When the REs assigned the block of complex-valued
symbols correspond to the same symbols as the REs assigned the reference signal
sequence, they can correspond to the same or different PRBs in the frequency domain.
[00166] Part or all of the block of complex-valued symbols and part or all of the
reference signal sequence can be repeatedly mapped to the REs in the enhanced
PUCCH. For example, when the enhanced PUCCH correspond to one sub-frame in
the time domain, the block of complex-valued symbols and the reference signal
sequence can be derived according to the existing standards, and then be mapped to
cach PRB in the frequency domain, namely, in a same time-slot, each PRB contained
in the enhanced PUCCH will carry exactly the same contents.

[00167] If the corresponding PRBs in the frequency domain of the enhanced PUCCH
comprise at least one interlaced PRB group, the m index of the legacy PUCCH, which
indicates the PRB location of the legacy PUCCH, may be mapped to the index of the
assigned interlaced PRB group of the enhanced PUCCH, for example using the same
index value.

[00168] In the next sub-step S113, baseband signal may be generated using the REs.
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[00169] To be compatible with the PUCCH of the existing standards, the same
methods as in the existing standards can be used to generate the baseband signal;
other methods can also be used for the generation of baseband signal.

[00170] In the following sub-step S114, the derived baseband signal may be
modulated and upconverted to the carrier frequency to obtain the uplink signal.
[00171] To be compatible with the PUCCH of the existing standards, the same
methods as in the existing standards can be used to obtain the uplink signal; other
methods can also be used for obtaining the uplink signal.

[00172] According to 3GPP TS36.211 v13.1.0, a total of five PUCCH formats are
supported, as is shown in Table 1 below.

[00173] Table 1: Supported PUCCH formats

PUCCH format Modulation scheme Number of bits per sub-frame, M,
1 N/A N/A
la BPSK 1
1b QPSK 2
2 QPSK 20
2a QPSK+BPSK 21
Zb QPSK+QPSK 22
3 QPSK 48
4 QPSK MEUCCHS R .(N(I;UCCH + NlPUCCH). 5
S QPSK N8 ,(N(I;UCCH + vpuean)

[00174] Hereinafter, examples will be raised and the accompanying drawings will be
referenced to illustrate the generation and mapping of the block of complex-valued
symbols and the reference signal sequence in various PUCCH formats in an uplink
transmission method according to an embodiment.

[00175] Referring now to FIG. 11, there is shown a schematic diagram illustrating the

mapping to the enhanced PUCCH when the block of bits to be transmitted is of the
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format 1/1a/1b in an uplink transmission method using unlicensed spectrum according
to an embodiment. On the right of the figure is a prior art mapping method, where
only one slot0 of a sub-frame is drawn for illustration. Whilst on the left of the
figure is the mapping method employed in the enhanced PUCCH according to the
current embodiment, the enhanced PUCCH comprises two conventional CP symbols
in the time domain, where only three PRBs, including the PRB0, PRB1, and PRB2
are drawn for illustration. Note, the numbers 0, 1, and 2 present in the PRB0O, PRBI,
and PRB2 represent an ascending order of the frequencies of the corresponding PRBs
of the enhanced PUCCH in the frequency domain, but not the indexes across the
entire system bandwidth. The PRB0O, PRBI1, and PRB2 can be continuous or
non-continuous in the frequency domain. In the figure each grid represents one RE,
grids filled by patterns represent REs to which complex-valued symbols are to be
mapped, whilst grids not filled represent REs to which reference signals are to be
mapped.

[00176] For  the  format  1/la/lb, the block of Dbits to be

transmitted b(0),...,b(M,, —1) can be modulated according to the solution shown in
preceding Table 1 to obtain one complex-valued modulation symbol d(0), which can

be scrambled by S(n,), and block-wise spread with a cyclic shift sequence with a

PUCCH
Nseq

length =12 in frequency domain ru(of )(n) , and an orthogonal sequence with

PUCCH
N, seq

a length =4 in time domainw (i), all of which have been explicitly

defined in subclause 5.4.1 of [TS 36.211], resulting in the block of complex-valued
symbols defined by the following equation.

2l NG NG N )= S v, () )

seq seq

where
m=0,.. N M1
n=0,.. NI _1

seq
m'=0,1

[00177] The mapping method for the block of complex-valued symbols as shown in
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the figure is similar as in the existing standards, i.c., the complex-valued symbols in

the block may first be multiplied with the amplitude scaling factor fpccy in order to

conform to the transmit power requirement, and then be mapped sequentially to the
REs to be assigned the block of complex-valued symbols, in increasing order of first
the subcarrier index and then the symbol index and finally the time-slot index (if
necessary). In this embodiment, the REs to be assigned the block of complex-valued
symbols may comprise all the REs in the first symbol corresponding to the enhanced
PUCCH, thus the above mapping method can be simplified to mapping sequentially
the complex-valued symbols in the block to all the REs in the corresponding first
symbol in increasing order of the index k for the subcarrier.

[00178] According to the existing standards, the reference signal associated with
transmission of PUCCH is demodulation reference signal (DMRS).

[00179] Following the standardized generation procedure for PUCCH DMRS
sequence for PUCCH format 1, la, 1b, 2, 2a, 2b, and 3, the DMRS sequence is

_ 1 _; oy
defined by rgﬁéCH(m' Nipg “MMES +mM 2 + n) = N WP (m)z(m)r % (n),

m=0,..,Nrd"—1
where n=0,...,M"* -1
m'=0,1
and P is the number of antenna ports used for PUCCH transmission. The
sequence 7 “?)(n), the cyclic shift a; , the orthogonal sequence W'”(n) and z(m)

u,v

have been explicitly defined in TS 36.211.
[00180] Differing from the prior art, in this embodiment the enhanced PUCCH has

only one symbol, i.¢., the second symbol as shown in the figure which will be used to

transmit the DMRS. The reference signal sequence, i.e., {r(;)}j=0,1,...,11may be

the first 12 of DMRS sequence rifp(-) generated following the standardized

: 1 (a
generation procedure, or defined by 7 (n)z—r( ")(n), where n=0,...,M> 1.

‘/F u,v

The reference signal sequence can be mapped sequentially and cyclically to the REs
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to be assigned the reference signal sequence, in increasing order of first the subcarrier
index k, and then the symbol index 1, and finally the time-slot index (if necessary).
[00181] It is noteworthy that, for a complete mapping of the block of complex-valued
symbols, in a same symbol the enhanced PUCCH may correspond to at least 8 PRBs
in the frequency domain. If in the same symbol the enhanced PUCCH correspond to
more than 8 PRBs in the frequency domain, part of the block of complex-valued
symbols can be repeatedly mapped to the redundant REs to improve the reliability, or
the redundant REs can be set to 0.

[00182] Referring now to FIG. 12, there is shown a schematic diagram illustrating the
mapping to the enhanced PUCCH when the block of bits to be transmitted is of the
format 2/2a/2b in an uplink transmission method using unlicensed spectrum according
to an embodiment. On the right of the figure is a prior art mapping method, where
only one slot0 of a sub-frame is drawn for illustration. Whilst on the left of the
figure is the mapping method employed in the enhanced PUCCH according to the
current embodiment, the enhanced PUCCH corresponds to two conventional CP
symbols in the time domain, where only three PRBs, including the PRB0, PRB1, and
PRB2 are drawn for illustration. Note, the numbers 0, 1, and 2 present in the PRBO,
PRB1, and PRB2 represent an ascending order of the frequencies of the
corresponding PRBs of the enhanced PUCCH in the frequency domain, but not the
indexes for the entire system bandwidth. The PRBO, PRBI, and PRB2 can be
continuous or non-continuous in the frequency domain. In the figure each grid
represents one RE, grids filled by patterns represent REs to which complex-valued
symbols are mapped, whilst grids not filled represent REs to which reference signals

are mapped.

[00183] For the format 2/2a/2b, the block of bits to be transmitted 5(0),....b(M,, —1)

can be scrambled and modulated according to the solution shown in the preceding

Table 1 to obtain ten complex-valued modulation symbols d(0),...,d(9), which can

PUCCH — 12
be block-wise spread with a cyclic shift sequence with a length = s in
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frequency domain ru(of )(n), which have been explicitly defined in subclause 5.4.2 of

TS 36.211, resulting in the block of complex-valued symbols defined by the following

equation.

(N n+ i) = J— d(n)-1,. (i)
n=0,1,...9
i=01,.,N3~1
[00184] The mapping method for the block of complex-valued symbols as shown in

the figure is similar as in the existing standards, i.c., the complex-valued symbols in

the block may first be multiplied with the amplitude scaling factor fpccy in order to

conform to the transmit power requirement, and then be mapped sequentially to the
REs to be assigned the block of complex-valued symbols, in increasing order of first
the subcarrier index k and then the symbol index | and finally the time-slot index (if
necessary). In this embodiment, the REs to be assigned the block of complex-valued
symbols may comprise all the REs in the first symbol corresponding to the enhanced
PUCCH, thus the above mapping method can be simplified to mapping sequentially
the complex-valued symbols in the block to all the REs in the corresponding first
symbol in increasing order of the index k for the subcarrier.

[00185] According to the existing standards, the reference signal associated with
transmission of PUCCH is demodulation reference signal (DMRS).

[00186] Following the standardized generation procedure for PUCCH DMRS
sequence for PUCCH format 1, la, 1b, 2, 2a, 2b, and 3, the DMRS sequence is

defined by Hibclm NES“"MLE +mMS +n) === (m)z(m)r! 7 (1),

1
JP
m=0,..,Nrd"—1
where n=0,...,M"* -1
m'=0,1

and P is the number of antenna ports used for PUCCH transmission. The

sequence 1“7’

u,v

(n), the cyclic shift ¢, the orthogonal sequence w P (n) and z(m)

have been explicitly defined in TS36.211.
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[00187] Note, for the format 2a/2b in the existing standards, part of the corresponding

reference signal sequence of the second symbol assigned the DMRS (i.e., the fifth

symbol in each slot) is multiplied with a complex-valued modulation symbol d(10),

and this part of reference signal sequence is referred to as special reference signal

sequence. The reference signal sequence, i.e. {r(;)}j=0,1,...,23, may be the first

24 of DMRS sequence rlfg)CCH(-) generated following the standardized generation

u,v

1 @
procedure, or defined by r(mMS}ESJrn):FZ(m)r( ")(n), where m=0,1 ,

n=0,.,M>—1, z(m) equals d(10) for m=1, for all other cases, z(m)=1.
[00188] The reference signal sequence may be multiplied with the amplitude scaling

factor fpycen 10 order to conform to the transmit power requirement, and then the

first 12 of the reference signal sequence {r(;)};=0,1,...,11 may be mapped

sequentially and cyclically to the REs to be assigned the reference signal sequence, in

increasing order of the subcarrier index k, the last 12 of the reference signal

sequence {r(j)}j=12,13,...,23, i.e. the special reference signal sequence , may be

mapped sequentially to the REs corresponding to the PRB1 and the first symbol as
shown in the figure in increasing order of the subcarrier index k. In other
embodiments, the special reference signal sequence can also be mapped to the REs
corresponding to other PRBs and/or other symbols.

[00189] 1t is noteworthy that, for a complete mapping of the block of complex-valued
symbols, in a same symbol the enhanced PUCCH may correspond to at least 10 or 11
PRBs in the frequency domain. If in the same symbol the enhanced PUCCH
correspond to more than 11 PRBs in the frequency domain, part of the block of
complex-valued symbols can be repeatedly mapped to the redundant REs to improve
the reliability, or the redundant REs can be set to 0.

[00190] Referring now to FIG. 13, there is shown a schematic diagram illustrating the

mapping to the enhanced PUCCH when the block of bits to be transmitted is of the
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format 3 in an uplink transmission method using unlicensed spectrum according to an
embodiment. In the figure only 3 PRBs, including the PRBO, PRB1, and PRB 2 in
the frequency domain, are drawn. Note, the numbers 0, 1, and 2 present in the PRBO,
PRBI1, and PRB2 represent merely an ascending order of the frequencies of the
corresponding PRBs of the enhanced PUCCH in the frequency domain, but not the
indexes for the entire system bandwidth. The PRBO, PRBI1, and PRB2 can be
continuous or non-continuous in the frequency domain. In the figure each grid may
represent one RE, grids filled with 0 may represent REs to be set to 0, grids filled by
patters may represent REs to be mapped with the complex-valued symbols, whilst

grids not filled may represent REs to be mapped with the reference signals.

[00191] For the format 3, the block of bits to be transmitted 5(0),...,b(M,, —1) can

certainly be processed according to the existing standards, i.e., it may be scrambled,
modulated, block-wise spread in time domain, cyclic shifted, and transform precoded,
to obtain the block of complex-valued symbols, and then be mapped to the REs in the
enhanced PUCCH by the same mapping rules as shown in FIG. 11.

[00192] When multiplexing multiple UEs with PUCCH format 3 in the same RB, the
channel response of each RE within this PRB should be ensured to be similar when
decoded at the base station. However, such assumption does not hold for the
proposed enhanced PUCCH format 3. Thus, the enhanced PUCCH of the format 3
derived by the above method cannot enable code-division multiplexing.

[00193] To enable the code-division multiplexing for different UEs, for format 3, the

block of bits to be transmitted 5(0),...,.b(M,, —1) may first be scrambled and then

modulated according to the solution shown in Table 1, to obtain the complex-valued

modulation symbols d(0),...,d(M,

ymb

—1), wherein M,

symb

=2NX?=24. And then

the orthogonal sequence w ;, (i) and w (i) may be used for block-wise spread in

time domain of the complex-valued modulation symbols d(0),...,d(M,,_,—1) to gain

ymb
the block of complex-valued symbols {z(i)},i =0,1...,(NEUCH 4 NEUCCHINRS 1

wherein;
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- cell
N W, (7)- /B DI gy n < NEvCer
Z(n . NSC + k == oc,0 _ j”anell(n l)/64y2 s .
W (7)Y -d(N;" +k) otherwise
oc,1

— PUCCH
n=nmodNg,

PUCCH PUCCH
n=0,.,Ng, +Ng, -1

k=0,1,.,N¥ -1

PUCCH _ ,PUCCH _
Ngro " =Ngry =5

where for both slots in a sub-frame using normal PUCCH

NPUCCH =5 NPUCCH =4
format 3 and »,mod2, ~SH0 , 9nl holds for the first and the second slot,

respectively, in a sub-frame using shortened PUCCH format 3. The orthogonal

sequences w ;, (i) and w ; (i) are given by Table 5.4.2A-1 in TS36.211 v13.1.0.

And 7"(n, 1) is the cyclic shift value.

[00194] Since the block of complex-valued symbols
{z(i)},i :0,1...,(N;%CCHJrN;IjCCH)NiB —1 is arranged according to the sequence of

first the frequency domain and then the time domain, it cannot be mapped in
increasing order of first the subcarrier index k and then the symbol index | and finally
the slot index (if necessary), as in the format 1/1a/1b or 2/2a/2b. As shown in the
figure, the REs to be assigned the block of complex-valued symbols are all the REs
corresponding to the first symbol in the enhanced PUCCH. The complex-valued

symbols in the block may be first multiplied with an amplitude scaling factor B,y

in order to conform to the transmit power requirement, and the complex-valued
symbols corresponding to the same complex-valued modulation symbol will be
mapped sequentially to the REs belonging to the same PRB in increasing order of the

subcarrier index, and different complex-valued modulation symbols will be arranged
in the frequency domain according to the sequence of d(0),...,d(M, ,—1). One
PRB in the frequency domain can accommodate the complex-valued symbols for two

complex-valued modulation symbols, and the remaining REs will be set to 0, which in

the figure includes the 6th and the 12th RE.  According to the above principle, it can

be known that the complex-valued symbol z(n- NS> +k) will be mapped to the
34



WO 2017/219284 PCT/CN2016/086732

(6k+rn+1) RE among all the REs in the first symbol belonging to the enhanced

PUCCH in increasing order of the subcarrier index.

[00195] See relevant description of 1/1a/1b referenced to FIG. 11 for details of the
generation and mapping of the reference signal sequence.

[00196] 1t is noteworthy that, for a complete mapping of the block of complex-valued
symbols, in a same symbol the enhanced PUCCH may correspond to at least 12 PRBs
in the frequency domain. If in the same symbol the enhanced PUCCH correspond to
more than 12 PRBs in the frequency domain, part of the block of complex-valued
symbols can be repeatedly mapped to the redundant REs to improve the reliability, or
the redundant REs can be set to be 0.

[00197] For the format 4, one can refer to TS36.211 5.4.2B to generate the block of
complex-valued symbols, refer to TS36.211 5.5 to generate the reference signal
sequence, and perform mapping according to the rules described in the corresponding
format 1/1a/1b of FIG. 11. Note, the length of the block of complex-valued symbols
of the format 4 is not fixed, and it will vary with the bandwidth occupied by the
PUCCH format 4. For example, a conventional PUCCH format 4, which occupies
one RB and uses the conventional CP, may have a block of complex-valued symbols
with a length 144, thus for an enhanced PUCCH, which comprises two symbols in the
time domain, and all the REs within one symbol may be assigned the block of
complex-valued symbols, whilst all the REs within the other symbol may be assigned
the reference signal sequence, in a same symbol the enhanced PUCCH may
correspond to at least 12 PRB in the frequency domain.

[00198] For the format 5, one can refer to TS36.211 5.4.2C to generate the block of
complex-valued symbols, refer to TS36.211 5.5 to generate the reference signal
sequence, and perform mapping according to the rules described in the corresponding
format 1/1a/1b of FIG. 11.

[00199] Note, the generation and mapping of the block of complex-valued symbols
and the reference signal sequence for the enhanced PUCCH and the various PUCCH

formats are for illustration purposes only. In other embodiments, the enhanced
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PUCCH can be different, and the generation and mapping methods of the block of
complex-valued symbols and the reference signal sequence can also be different.
[00200] The computer simulation results are provided below to evaluate the
performance of the proposed enhanced PUCCH, wherein the PUCCH format is 1a/1b,
and the enhanced PUCCH comprises an interlaced PRB group having 10 PRBs in the
frequency domain, and comprises two symbols in the time domain, where all the REs
corresponding to one symbol are assigned the block of complex-valued symbols,
whilst all the REs corresponding to the other symbol are assigned the reference signal
sequence. The simulation parameters and performance requirements defined in
TS36.104 are summarized in Table 2.

[00201] Table 2: Simulation parameters

Format la Format 1b
Bandwidth 20MHz 20MHz
Propagation conditions
EPA 5 Low EPA 5 Low
and correlation matrix
Number of TX antennas 1 1
Number of RX antennas 2 2
ACK missed detection ACK missed detection
TS36.104 requirement probability  shall  not | probability shall not exceed 1%
exceed 1% at SNR -5.1dB | at SNR -4.6dB

[00202] FIG. 14 and FIG. 15 show the ACK missed detection probabilities for format
la and 1b respectively. For both formats, the proposed enhanced PUCCH can
outperform the legacy structure, and has about 2dB or 1.4dB margin gain compared to
the standard requirement in TS36.104 respectively.

[00203] FIG. 16 is a flowchart illustrating an assignment method using unlicensed
spectrum according to an embodiment. The method can be implemented on a base
station. The base station can be connected to a core network and perform wireless

communications with the UE, thus providing communication coverage for the
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corresponding geographical area. The base station can include, but not limited to,
macro base stations, micro base stations, or pico base stations. In some
embodiments, a base station can also be interchangeably referred to as a wireless base
station, an access point, a Node B, an evolved Node B (eNodeB or eNB), and so on.
The embodiment can comprise the following steps.

[00204] In the first step S21, an enhanced physical uplink control channel is assigned
to a user equipment (UE).

[00205] The base station may assign through a control signaling the enhanced
PUCCH to the UE, wherein the enhanced PUCCH may belong to the unlicensed
spectrum, and may comprise at least two physical resource blocks (PRBs) in the
frequency domain at a same time point. The corresponding PRBs of the enhanced
PUCCH can be continuous or non-continuous in the frequency domain. The UE can
generate corresponding uplink signal and use the enhanced PUCCH to transmit the
uplink signal.

[00206] The enhanced PUCCH can occupy one sub-frame, i.c., two continuous
time-slots, the same as the PUCCH in the existing LTE/LET-A standards, or can
occupy smaller than one sub-frame while not smaller than one symbol. When the
enhanced PUCCH includes more than one symbol in the time domain, the PRBs of
the enhanced PUCCH in different symbols may be the same or different in the
frequency domain. Typically, the symbol is referred to as SC-FDMA symbol. The
number of SC-FDMA symbols in one time-slot may depend on a length of the cyclic
prefix (CP). For a conventional CP, each time-slot may comprise seven SC-FDMA
symbols, whilst for an extended CP, each time-slot may comprise six SC-FDMA
symbols.

[00207] According to the above embodiment, by using the enhanced PUCCH which
comprise at least two PRBs in the frequency domain at the same time point, the
bandwidth occupied by the PUCCH can be effectively increased.

[00208] FIG. 17 illustrates a second embodiment of the assignment method using
unlicensed spectrum, which is based on the first embodiment of the assignment

method and further comprises the following step before the step S21.
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[00209] In a previous step S20, the unlicensed spectrum is divided into multiple
interlaced PRB groups.

[00210] The base station may divide part or all of the system bandwidth belonging to
the unlicensed spectrum to multiple interlaced PRBs, where each interlaced PRB may
comprise at least three non-continuous and equally spaced PRBs, and the PRBs of
different interlaced PRB groups may be arranged alternatively in frequency domain.
Often, the base station may divide the entire system bandwidth belonging to the
unlicensed spectrum to multiple interlaced PRB groups.

[00211] In the following step S21, the base station may assign to the UE an enhanced
PUCCH comprising one interlaced PRB group in the frequency domain. The
corresponding PRBs of the enhanced PUCCH in the frequency domain may comprise
one or more complete interlaced PRB groups, or a part of the one or more complete
interlaced PRB groups and of other interlaced PRB groups, and may further comprise
one or more PRBs in the unlicensed spectrum that do not belong to any interlaced
PRB groups.

[00212] Under the above PSD constraints, given the numbers of the PRBs are the
same, the maximum allowed transmission power in the case that the corresponding
PRBs of the PUCCH in the frequency domain comprise at least one interlaced PRB
group is typically greater than the maximum allowed transmission power when the
PUCCH corresponds to continuous PRBs in the frequency domain. Referring to FIG.
4 and the relevant description, the bigger the maximum allowed transmission power,
the higher signal power can be used by the UE to transmit uplink signal over the
enhanced PUCCH, which can thus ensure a stable transmission of the uplink signal
meanwhile enabling that other devices can accurately detect the uplink signal when
they perform the clear channel assessment (CCA).

[00213] In one embodiment, the highest and the lowest frequency in the frequency
domain occupied by the enhanced PUCCH may have a difference not smaller than
80% of the entire system bandwidth, in order to satisfy the ETSI’s requirements on
OCB. The present embodiment can be combined with any embodiment of the

assignment method using the unlicensed spectrum according to the disclosure.
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[00214] In one embodiment, the enhanced PUCCH may comprise less than one
sub-frame in the time domain, and its transmission period is located within the
remaining partial sub-frame after an end of the downlink transmission which occupies
only a part of the sub-frame. The present embodiment can be combined with any
embodiment of the assignment method using the unlicensed spectrum according to the
disclosure.

[00215] Typically, the partial sub-frame occupied by the downlink transmission may
comprise a downlink pilot timeslot (DwPTS), whilst the remaining partial sub-frame
may comprise a guard period (GP) and an uplink pilot timeslot (UpPTS). Lengths of
the DwPTS, GP, and the UpPTS can be configured, but the total length would always
be equal to one sub-frame, i.c., Ims.

[00216] Referring to FIG. 7, the corresponding transmission period of the enhanced
PUCCH can be within the UpPTS, the GP, or a combination of the UpPTS and the GP.
The length of the corresponding transmission period of the enhanced PUCCH may be
longer than or equal to the time length of the enhanced PUCCH in the time domain.
[00217] In one embodiment, the corresponding transmission period of the enhanced
PUCCH may be initiated right after the downlink transmission with a duration gap no
larger than a preset value, e.g., 16pus.

[00218] In one embodiment, the length of the corresponding transmission period of
the enhanced PUCCH may be counted into the maximum channel occupancy time
(MCOT) of the prior downlink transmission, so as to ensure the fair co-existence of
the enhanced PUCCH with other transmission nodes, in the case that more aggressive
LBT procedure or no LBT procedure is performed before the transmission of
enhanced PUCCH to improve the access probability.

[00219] In one embodiment, the downlink transmission may comprise downlink burst
transmission and downlink reservation signal transmission.  The downlink
reservation signal transmission may initiate right after the end of the downlink burst
transmission. The downlink burst is used to transmit downlink data or control
signaling, whilst the downlink reservation signal is transmitted by the base station,

and used to occupy the channel for the later transmission of the enhanced PUCCH by
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the UE, such that the UE can have more time to switch from the receiving mode to
transmitting mode at the communication circuit, or can have more time to generate the
corresponding uplink signal, or to align the enhanced PUCCH transmission to the
symbol boundary.

[00220] Referring now to FIG. 18, a user equipment (UE) according an embodiment
may comprise a generation module 11 and a transmission module 12.

[00221] The generation module 11 may be configured to generate a corresponding
uplink signal for an assigned enhanced physical uplink control channel (PUCCH).
The enhanced PUCCH may belong to the unlicensed spectrum and comprise at least
two physical resource blocks (PRBs) in frequency domain at a same time point.
[00222] The transmission module 12 may be configured to transmit the uplink signal
over the enhanced PUCCH.

[00223] The various modules of the current embodiment UE may be configured to
execute the corresponding steps of the first embodiment uplink transmission method,
as shown in FIG. 2, see FIG. 2 and relevant description for details.

[00224] According to the above embodiment, by using the enhanced PUCCH which
comprises at least two PRBs in the frequency domain at the same time point, the
bandwidth occupied by the PUCCH can be effectively increased.

[00225] The corresponding PRBs in the frequency domain of the enhanced PUCCH
may comprise at least one interlaced PRB group. The at least one interlaced PRB
group may comprise at least three non-continuous and equally spaced PRBs in the
frequency domain.

[00226] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth, to satisfy the ETSI’s requirements on OCB.

[00227] The enhanced PUCCH may occupy smaller than one sub-frame while not
smaller than one symbol in time domain.

[00228] The transmission module 12 may be configured to use the enhanced PUCCH
to transmit the uplink signal during the remaining partial sub-frame after an end of the

downlink transmission which occupies only a part of the sub-frame.
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[00229] Typically, the partial sub-frame occupied by the downlink transmission may
comprise a downlink pilot timeslot (DwPTS), whilst the remaining partial sub-frame
may comprise a guard period (GP) and an uplink pilot timeslot (UpPTS). Lengths of
the DwPTS, GP, and the UpPTS can be configured, but the total length would always
be equal to one sub-frame, i.c., Ims.

[00230] The transmission module 12 can also be used to transmit uplink signal over
the enhanced PUCCH during the uplink pilot timeslot (UpPTS) in the remaining
partial sub-frame, or during the guard period (GP) in the remaining partial sub-frame,
or in a combination of the UpPTS and GP.

[00231] The transmission module 12 can also be configured to use the enhanced
PUCCH to transmit the uplink signal right after the downlink transmission with a
duration gap no larger than a preset value.

[00232] The transmission module 12 can also be configured to transmit an uplink
reservation signal right after the downlink transmission with a duration gap no larger
than a preset value, and use the enhanced PUCCH to transmit the uplink signal right
after the uplink reservation signal.

[00233] In one embodiment, the length of a corresponding transmission period of the
enhanced PUCCH may be counted into the maximum channel occupancy time
(MCOT) of the prior downlink transmission, so as to ensure the fair co-existence of
the enhanced PUCCH with other transmission nodes, in the case that more aggressive
LBT procedure or no LBT procedure is performed before the transmission of
enhanced PUCCH to improve the access probability.

[00234] Referring now to FIG. 19, in one embodiment, the UE may further comprise
a selection module 13. The selection module 13 may be configured to select among
a plurality of assigned carriers of the unlicensed spectrum at least one carrier for the
enhanced PUCCH.

[00235] Referring now to FIG. 20, there is shown a second embodiment of a UE
according to the disclosure, which is based on the first embodiment UE and where the
generation module 11 comprises a sequencing unit 111, a mapping unit 112, a

baseband unit 113, and a modulation unit 114,
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[00236] The sequencing unit 111 may be configured to obtain a block of
complex-valued symbols based on a block of bits to be transmitted, and obtain a
reference signal sequence based on corresponding cyclic shift.

[00237] The mapping unit 112 may be configured to map the block of
complex-valued symbols and the reference signal sequence to the resource elements
(REs) belonging to the enhanced PUCCH.

[00238] The baseband unit 113 may be configured to generated baseband signal using
the REs.

[00239] The modulation unit 114 may be configured to modulate and upconvert the
derived baseband signal to the carrier frequency to obtain the uplink signal.

[00240] The various modules of the current embodiment UE may be configured to
execute the corresponding steps of the third embodiment uplink transmission method,
as shown in FIG. 10, see FIG. 10 and the relevant description for details.

[00241] The mapping unit 112 may be configured to map sequentially the
complex-valued symbols in the block to the REs to be assigned the block, in
increasing order of first the subcarriers indexes and then the symbols indexes, and
map sequentially the reference signals in the reference signal sequence to the REs to
be assigned the reference signal sequence, in increasing order of first the subcarriers
indexes and then the symbols indexes.

[00242] The REs included in the enhanced PUCCH may comprise at least two
symbols in time domain. The mapping unit 112 may be configured to map the block
of complex-valued symbols and the reference signal sequence to the REs in the
enhanced PUCCH that correspond to different symbols in time domain, respectively,
wherein the REs to be assigned the block of complex-valued symbols and the
reference signal sequence may belong to at least two PRBs in the frequency domain.
[00243] Referring now to FIG. 21, there is shown a third embodiment of a UE
according to the disclosure, which is based on the first embodiment UE and where the
transmission module 12 includes an evaluation unit 121, a transmission unit 122, and
a reservation unit 123.

[00244] The evaluation unit 121 may be configured to perform a clear channel
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assessment (CCA) on a channel to be detected to determine whether the detected
channel is available, wherein the detected channel may be one corresponding to the
entire system bandwidth or to the enhanced PUCCH.

[00245] The transmission unit 122 may be configured to transmit the uplink signal
over the enhanced PUCCH when the detected channel is available.

[00246] The reservation unit 123 may be configured to, when there is a time interval
between after determination the channel is evaluated as available and before a start of
the corresponding transmission period of the enhanced PUCCH, use the detected
channel to transmit reservation signal during the time interval to indicate the detected
channel is occupied or will be occupied.

[00247] The various modules of the current embodiment UE may be configured to
execute the corresponding steps of an embodiment uplink transmission method, as
shown in FIG. 6, see FIG. 6 and the relevant description for details.

[00248] According to the above embodiment, the LBT procedures can be performed
before the enhanced PUCCH is used in the LAA SCell to transmit uplink signal, thus
the fair coexistence with other transmission nodes (including Wi-Fi equipment and
equipment used in LAA networks deployed by different operators) using the same
unlicensed spectrum band can be realized. In addition, if the channel corresponding
to the enhanced PUCCH is configured as the channel to be detected, it can, compared
with taking the entire system bandwidth as the channel to be detected, narrow the
channel bandwidth requiring CCA detection, thus enabling that the occupation of the
frequency resources outside of the corresponding channel of the enhanced PUCCH
will not affect the CCA results, reducing the failure probability of the LBT procedures,
and improving the success probability of the enhanced PUCCH transmission.

[00249] Referring now to FIG. 22, there is shown a block diagram of a fourth
embodiment of a UE according to the disclosure. The UE includes a processor 110
and a communication circuit 120 connected to processor 110 via a bus.

[00250] The communication circuit 120 may be configured to transmit and receive
data. It is an interface through which the UE communicates with other

communication equipment.
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[00251] The processor 110 can control operations of the UE, it can also be referred to
as a central processing unit (CPU). The processor 110 can be an integrated circuit
chip with signal processing capabilities. The processor 110 may also be a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA), or other programmable logic
devices, discrete gates, transistor logic devices, or discrete hardware components.
The general purpose processor can be a microprocessor or any conventional
processor.

[00252] The UE may further include a memory storage (not shown) used to store the
commands and data necessary for operations of the processor 110. The memory
storage can also store the data received by the communication circuit 120.

[00253] The processor 110 may be configured to: generate a corresponding uplink
signal for an assigned enhanced physical uplink control channel (PUCCH). The
enhanced PUCCH may belong to the unlicensed spectrum and comprise at least two
physical resource blocks (PRBs) in the frequency domain at a same time point; and
transmit via the communication circuit 120 the uplink signal over the enhanced
PUCCH.

[00254] The highest and the lowest frequency of the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.

[00255] The corresponding PRBs of the enhanced PUCCH in the frequency domain
may comprise at least one interlaced PRB group. The at least one interlaced PRB
group may comprise at least three non-continuous and equally spaced PRBs in the
frequency domain. In one embodiment, the processor 110 may be configured to map
the m index of the legacy PUCCH, which indicates the PRB location of the legacy
PUCCH, to the index of the assigned interlaced PRB group of the enhanced PUCCH.
[00256] The enhanced PUCCH may occupy smaller than one sub-frame while not
smaller than one symbol in time domain.

[00257] The processor 110 may be configured to use the enhanced PUCCH to

transmit via the communication circuit 120 the uplink signal during the remaining
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partial sub-frame after an end of the downlink transmission which occupies only a
part of the sub-frame.

[00258] The processor 110 may be configured to use the enhanced PUCCH to
transmit via the communication circuit 120 the uplink signal during an uplink pilot
timeslot (UpPTS) in the remaining partial sub-frame.

[00259] The processor 110 may be configured to use the enhanced PUCCH to
transmit via the communication circuit 120 the uplink signal during a guard period
(GP) in the remaining partial sub-frame.

[00260] The processor 110 may be configured to use the enhanced PUCCH to
transmit via the communication circuit 120 the uplink signal right after the downlink
transmission with a duration gap no larger than a preset value.

[00261] The processor 110 may be configured to transmit via the communication
circuit 120 an uplink reservation signal right after the downlink transmission with a
duration gap no larger than a preset value, and use the enhanced PUCCH to transmit
via the communication circuit 120 the uplink signal right after the uplink reservation
signal.

[00262] The length of a corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission, so as to ensure the fair co-existence of the enhanced PUCCH
with other transmission nodes, in the case that more aggressive LBT procedure or no
LBT procedure is performed before the transmission of enhanced PUCCH to improve
the access probability.

[00263] The processor 110 may be configured to: obtain a block of complex-valued
symbols based on a block of bits to be transmitted and a reference signal sequence
based on corresponding cyclic shift; map the block of complex-valued symbols and
the reference signal sequence to resource elements (REs) occupied by the enhanced
PUCCH; generate baseband signal using the REs; and modulate and upcovert the
baseband signal to the carrier frequency to obtain the uplink signal.

[00264] The enhanced PUCCH may be of a format 3. The processor 110 may be

configured to: scramble and modulate the block of bits to be transmitted to obtain
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complex-valued modulation symbols; block-wise spread the complex-valued
modulation symbols in time domain to obtain the block of complex-valued symbols.
[00265] The processor 110 may be configured to map sequentially the
complex-valued symbols in the block to the REs to be assigned the block, in
increasing order of first the subcarriers indexes and then the symbols indexes, and
mapping sequentially the reference signals in the reference signal sequence to the REs
to be assigned the reference signal sequence, in increasing order of first the
subcarriers indexes and then the symbols indexes.

[00266] The REs included in the enhanced PUCCH may comprise at least two
symbols in time domain. The processor 110 may be configured to map the block of
complex-valued symbols and the reference signal sequence to the REs in the
enhanced PUCCH that correspond to different symbols in time domain, respectively,
wherein the REs to be assigned the block of complex-valued symbols and the
reference signal sequence may belong to at least two PRBs in the frequency domain.
[00267] The processor 110 may be configured to map part or all of the block of
complex-valued symbols and part or all of the reference signal sequence to the REs in
the enhanced PUCCH that correspond to a same symbol in the time domain.

[00268] The processor 110 may be configured to map repeatedly part or all of the
block of complex-valued symbols and part or all of the reference signal sequence to
the REs in the enhanced PUCCH.

[00269] Of the REs in the enhanced PUCCH at least one RE may be set to 0.

[00270] The processor 110 may be further configured to select among a plurality of
assigned carriers of the unlicensed spectrum at least one carrier for the enhanced
PUCCH.

[00271] The processor 110 may be configured to: perform through the
communication circuit 120 a clear channel assessment (CCA) on a channel to be
detected to determine whether the detected channel is available, wherein the detected
channel may be one corresponding to the entire system bandwidth or to the enhanced
PUCCH; and, when the detected channel is available, use the enhanced PUCCH to

transmit the uplink signal via the communication circuit 120.
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[00272] The processor 110 may be configured to, when there is a time interval
between after determination the channel is evaluated as available and before a start of
the corresponding transmission period of the enhanced PUCCH, use the detected
channel to transmit reservation signal during the time interval to indicate the channel
is occupied or will be occupied.

[00273] Referring now to FIG. 23, which illustrate a first embodiment of a base
station according to the disclosure, comprising an assignment module 21 configured
to assign an enhanced physical uplink control channel to a user equipment (UE), such
that the UE generates a corresponding uplink signal and transmits it over the
enhanced PUCCH, wherein the enhanced PUCCH may belong to the unlicensed
spectrum and comprise at least two physical resource blocks (PRBs) in frequency
domain at a same time point.

[00274] The various modules of the current embodiment base station may be
configured to execute the corresponding steps of the first embodiment assignment
method, as shown in FIG. 16, see FIG. 16 and the relevant description for details.
[00275] According to the above embodiment, by using the enhanced PUCCH which
comprises at least two PRBs in the frequency domain at the same time point, the
bandwidth occupied by the PUCCH can be effectively increased.

[00276] Referring now to FIG. 24, which illustrates a second embodiment of a base
station, which is based on the first embodiment base station and further comprises a
division module 22.

[00277] The division module 22 may be configured to divide the unlicensed spectrum
to multiple interlaced PRBs, where each interlaced PRB may comprise at least three
non-continuous and equally spaced PRBs, and the PRBs of different interlaced PRB
groups may be arranged alternatively in frequency domain. The assignment module
21 may be configured to assign to the UE an enhanced PUCCH which comprises at
least one interlaced PRB group in the frequency domain.

[00278] The various modules of the current embodiment base station may be
configured to execute the corresponding steps of the second embodiment assignment

method, as shown in FIG. 17; see FIG. 17 and the relevant description for details.
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[00279] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth, to satisfy the ETSI’s requirements on OCB.

[00280] Further, the enhanced PUCCH may comprise less than one sub-frame in the
time domain, and its transmission period may be located within the remaining partial
sub-frame after an end of the downlink transmission which occupies only a part of the
sub-frame.

[00281] Typically, the partial sub-frame occupied by the downlink transmission may
comprise a downlink pilot timeslot (DwPTS), whilst the remaining partial sub-frame
may comprise a guard period (GP) and an uplink pilot timeslot (UpPTS). Lengths of
the DwPTS, GP, and the UpPTS can be configured, but the total length would always
be equal to one sub-frame, i.c., Ims.

[00282] Referring to FIG. 7, the corresponding transmission period of the enhanced
PUCCH can be within the UpPTS, the GP, or within a combination of the UpPTS and
the GP. The length of the corresponding transmission period of the enhanced
PUCCH may be longer than or equal to the time length of the enhanced PUCCH in
the time domain.

[00283] In one embodiment, the corresponding transmission period of the enhanced
PUCCH may be initiated right after the downlink transmission with a duration gap no
larger than a preset value.

[00284] In one embodiment, the length of the corresponding transmission period of
the enhanced PUCCH may be counted into the maximum channel occupancy time
(MCOT) of the prior downlink transmission, so as to ensure the fair co-existence of
the enhanced PUCCH with other transmission nodes, in the case that more aggressive
LBT procedure or no LBT procedure is performed before the transmission of
enhanced PUCCH to improve the access probability.

[00285] In one embodiment, the downlink transmission may comprise downlink burst
transmission and downlink reservation signal transmission.  The downlink
reservation signal transmission may initiate after the end of the downlink burst

transmission. The downlink burst transmission is used to transmit downlink data or
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control signaling, whilst the downlink reservation signal is transmitted by the base
station, and used to occupy the channel for the later transmission of the enhanced
PUCCH by the UE, such that the UE can have more time to switch from the receiving
mode to transmitting mode at the communication circuit, or can have more time to
generate the corresponding uplink signal, or to align the enhanced PUCCH
transmission to the symbol boundary.

[00286] Referring now to FIG. 25, a third embodiment of a base station may comprise
a processor 210 and a transceiver 220. The processor may be connected to the
transceiver 220 via a bus.

[00287] The transceiver 220 may be configured to transmit and receive data, which is
an interface through which the base station communicates with other communication
equipment.

[00288] The processor 210 can control operations of the base station, it can also be
referred to as a central processing unit (CPU). The processor 210 can be an
integrated circuit chip with signal processing capabilities. The processor 210 may
also be a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA), or other
programmable logic devices, discrete gates, transistor logic devices, or discrete
hardware components. The general purpose processor can be a microprocessor or
any conventional processor.

[00289] The base station may further comprise a memory storage (not shown) used to
store the commands and data necessary for operations of the processor 210. The
memory storage can also store the data received by the transceiver 220.

[00290] The processor 210 may be configured to assign through the transceiver 220
an enhanced physical uplink control channel to a user equipment (UE), such that the
UE can generate a corresponding uplink signal and transmit it over the enhanced
PUCCH, wherein the enhanced PUCCH may belong to the unlicensed spectrum and
comprise at least two physical resource blocks (PRBs) in frequency domain at a same
time point.

[00291] The processor 210 may be further configured to: divide the unlicensed
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spectrum to multiple interlaced PRBs, where each interlaced PRB may comprise at
least three non-continuous and equally spaced PRBs, and the PRBs of different
interlaced PRB groups may be arranged alternatively in frequency domain; and assign
via the transceiver 220 the UE an enhanced PUCCH which comprises at least one
interlaced PRB group in the frequency domain.

[00292] The highest and the lowest frequency in the frequency domain occupied by
the enhanced PUCCH may have a difference not smaller than 80% of the entire
system bandwidth.

[00293] The enhanced PUCCH may occupy smaller than one sub-frame while not
smaller than one symbol in time domain.

[00294] The corresponding transmission period of the enhanced PUCCH may be
located within a remaining partial sub-frame after an end of downlink transmission
which occupies only a part of the sub-frame.

[00295] The corresponding transmission period of the enhanced PUCCH may be
located within an uplink pilot timeslot (UpPTS) in the remaining partial sub-frame.
[00296] The corresponding transmission period of the enhanced PUCCH may be
located within a guard period (GP) in the remaining partial sub-frame.

[00297] The corresponding transmission period of the enhanced PUCCH may be
initiated right after the downlink transmission with a duration gap no larger than a
preset value.

[00298] The length of the corresponding transmission period of the enhanced PUCCH
may be counted into the maximum channel occupancy time (MCOT) of the prior
downlink transmission, so as to ensure the fair co-existence of the enhanced PUCCH
with other transmission nodes, in the case that more aggressive LBT procedure or no
LBT procedure is performed before the transmission of enhanced PUCCH to improve
the access probability.

[00299] In one embodiment, the downlink transmission may comprise downlink burst
transmission and downlink reservation signal transmission.  The downlink
reservation signal transmission may initiate right after the end of the downlink burst

transmission. The downlink burst is used to transmit downlink data or control
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signaling, whilst the downlink reservation signal is transmitted by the base station,
and used to occupy the channel for the later transmission of the enhanced PUCCH by
the UE, such that the UE can have more time to switch from the receiving mode to
transmitting mode at the communication circuit, or can have more time to generate the
corresponding uplink signal, or to align the enhanced PUCCH transmission to the
symbol boundary.

[00300] It should be appreciated that the disclosed UEs, base stations, and methods
can also be implemented in other forms. Rather, the base stations and UEs described
are merely illustrative, for example, the division of modules or units is only a division
based on logic functions, thus in actual implementations there may be other division
manners, for example, multiple units or components may be combined or integrated
onto another system, or some features may be ignored or not executed. In addition,
the displayed or discussed mutual couplings, direct couplings, or communication
connections may be achieved through some interfaces, devices, or units, and may be
achieved eclectrically, mechanically or in other forms.

[00301] The separated units as described may or may not be physically separated.
Components displayed as units may or may not be physical units, and may reside at
one location or may be distributed to multiple networked units. Part or all of the
units may be selected, according to actual requirements, to achieve the objectives of
the embodiments.

[00302] In addition, various functional units in the disclosure may be integrated into
one processing unit, and may be present as various physically separated units, and two
or more units may be integrated into one unit. The integrated units may be
implemented by hardware, and may also be implemented as software functional units.

[00303] If the integrated units are implemented as software functional units and sold
or used as standalone products, they can be stored in a computer readable storage
medium. On the basis of such an understanding, the substantial technical solution,
or the part which contributes to the prior art, or all or part of the technical solution, of
the disclosure, may be embodied as software products. The computer software

products can be stored in a storage medium and can include multiple instructions
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enabling a computing device (for example, a personal computer, a server, a network
device, etc.) or a processor to execute all or part of the steps of the methods as
described in various embodiments of the disclosure. The storage medium may
include all kinds of medium that can store program codes such as, for example, a USB
flash disk, a mobile hard drive, a read-only memory (ROM), a random access memory
(RAM), a magnetic disk, or an optical disk.

[00304] The above description is merely some exemplary embodiments of the
disclosure, but is not limiting the scope of the disclosure. Any equivalent structures
or flow transformations made to the disclosure, or any direct or indirect applications
of the disclosure on other related fields, shall all be covered within the protection of

the disclosure.
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CLAIMS

1. An uplink transmission method using unlicensed spectrum, comprising;:

generating a corresponding uplink signal for an assigned enhanced physical
uplink control channel (PUCCH), wherein the enhanced PUCCH belongs to the
unlicensed spectrum, and occupies at least two physical resource blocks (PRBs) in
frequency domain at a same time point; and

using the enhanced PUCCH to transmit the uplink signal.

2. The method according to claim 1, wherein the PRBs included in the
frequency domain of the enhanced PUCCH comprises at least one interlaced PRB
group, wherein the at least one interlaced PRB group comprises at least three
non-continuous and equally spaced PRBs in the frequency domain.

3. The method according to claim 2, wherein the m index of the legacy
PUCCH is mapped to the index of the assigned interlaced PRB group of the enhanced
PUCCH.

4. The method according to claim 1, wherein a highest and a lowest frequency
in the frequency domain occupied by the enhanced PUCCH has a difference not
smaller than 80% of entire system bandwidth.

5. The method according to claim 1, wherein the enhanced PUCCH occupies
smaller than one sub-frame and no smaller than one symbol in time domain.

6. The method according to claim 5, wherein the step of using the enhanced
PUCCH to transmit the uplink signal comprises:

using the enhanced PUCCH to transmit the uplink signal during a remaining
partial sub-frame after an end of downlink transmission which occupies only a part of
the sub-frame.

7. The method according to claim 6, wherein the step of using the enhanced
PUCCH to transmit the uplink signal during a remaining partial sub-frame after an
end of downlink transmission which occupies only a part of the sub-frame comprises:

using the enhanced PUCCH to transmit the uplink signal during an uplink pilot

timeslot (UpPTS) in the remaining partial sub-frame.
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8. The method according to claim 6, wherein the step of using the enhanced
PUCCH to transmit the uplink signal during a remaining partial sub-frame after an
end of downlink transmission which occupies only a part of the sub-frame comprises:

using the enhanced PUCCH to transmit the uplink signal during guard period
(GP) in the remaining partial sub-frame.

9. The method according to claim 6, wherein the step of using the enhanced
PUCCH to transmit the uplink signal during a remaining partial sub-frame after an
end of downlink transmission which occupies only a part of the sub-frame comprises:

using the enhanced PUCCH to transmit the uplink signal right after the downlink
transmission with a duration gap no larger than a preset value.

10. The method according to claim 6, wherein the step of using the enhanced
PUCCH to transmit the uplink signal during a remaining partial sub-frame after an
end of downlink transmission which occupies only a part of the sub-frame comprises:

transmitting an uplink reservation signal right after the downlink transmission
with a duration gap no larger than a preset value; and

using the enhanced PUCCH to transmit the uplink signal right after the uplink
reservation signal.

11. The method according to claim 6, wherein the length of a corresponding
transmission period of the enhanced PUCCH is counted into the maximum channel
occupancy time (MCOT) of the prior downlink transmission.

12.  The method according to claim 1, wherein the step of generating the uplink
signal for the assigned enhanced PUCCH comprises:

obtaining a block of complex-valued symbols based on block of bits to be
transmitted, and obtaining a reference signal sequence based on corresponding cyclic
shift;

mapping the block of complex-valued symbols and the reference signal sequence
to resource elements (REs) occupied by the enhanced PUCCH;

generating baseband signal using the REs; and

modulating and upcoverting the baseband signal to carrier frequency to obtain

the uplink signal.
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13.  The method according to claim 12, wherein the enhanced PUCCH is of a
format 3; and the step of obtaining the block of complex-valued symbols based on the
block of bits to be transmitted comprises:

scrambling and modulating the block of bits to be transmitted to obtain
complex-valued modulation symbols; and

block-wise spreading the complex-valued modulation symbols in time domain to
obtain the block of complex-valued symbols.

14.  The method according to claim 12, wherein the step of mapping the block
of complex-valued symbols and the reference signal sequence to resource elements
(REs) in the enhanced PUCCH comprises:

mapping sequentially the complex-valued symbols in the block to the REs to be
assigned the block of complex-valued symbols in increasing order of first subcarriers
indexes and then symbols indexes, and mapping sequentially the reference signals in
the reference signal sequence to the REs to be assigned the reference signal sequence
in increasing order of first the subcarrier indexes and then the symbol indexes.

15.  The method according to claim 12, wherein the REs in the enhanced
PUCCH comprises at least two symbols in the time domain; and the step of mapping
the block of complex-valued symbols and the reference signal sequence to resource
elements (REs) in the enhanced PUCCH comprises:

mapping the block of complex-valued symbols and the reference signal sequence
to the REs in the enhanced PUCCH that correspond to different symbols in the time
domain, respectively, wherein the REs to be assigned the block of complex-valued
symbols and the reference signal sequence belong to at least two PRBs in the
frequency domain.

16. The method according to claim 12, wherein the step of mapping the block
of complex-valued symbols and the reference signal sequence to resource elements
(REs) in the enhanced PUCCH comprises:

mapping part or all of the block of complex-valued symbols and part or all of the
reference signal sequence to the REs in the enhanced PUCCH that correspond to a

same symbol in the time domain.
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17.  The method according to claim 12, wherein the step of mapping the block
of complex-valued symbols and the reference signal sequence to resource elements
(REs) in the enhanced PUCCH comprises:

mapping repeatedly part or all of the block of complex-valued symbols and part
or all of the reference signal sequence to the REs in the enhanced PUCCH.

18. The method according to claim 12, wherein of the REs in the enhanced
PUCCH, at least one RE is set to 0.

19. The method according to claim 1, further comprising, before the step of
generating the corresponding uplink signal for the enhanced PUCCH:

selecting among a plurality of assigned carriers of the unlicensed spectrum at
least one carrier for the enhanced PUCCH.

20. The method according to claim 1, wherein the step of using the enhanced
PUCCH to transmit the uplink signal comprises:

performing a clear channel assessment (CCA) on a channel to be detected to
determine whether the detected channel is available, wherein the detected channel is
one corresponding to the entire system bandwidth or to the enhanced PUCCH; and

using the enhanced PUCCH to transmit the uplink signal when the detected
channel is available.

21. The method according to claim 20, further comprising, before the step of
using the enhanced PUCCH to transmit the uplink signal:

when there is a time interval between after determination the detected channel is
evaluated as available and before a start of the corresponding transmission period of
the enhanced PUCCH, using the detected channel to transmit reservation signal
during the time interval to indicate the detected channel is occupied or will be
occupied.

22.  An assignment method using unlicensed spectrum, comprising:

assigning an enhanced physical uplink control channel (PUCCH) to a user
equipment (UE), such that the UE generates a corresponding uplink signal for the
enhanced PUCCH and uses the enhanced PUCCH to transmit the uplink signal,
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wherein the enhanced PUCCH belongs to unlicensed spectrum and comprises at least
two physical resource blocks (PRBs) in frequency domain at a same time point.

23. The method according to claim 22, further comprising, before the step of
assigning the enhanced PUCCH to the UE:

dividing the unlicensed spectrum to a plurality of interlaced PRB groups, where
each interlaced PRB group comprises at least three non-continuous and equally
spaced PRBs, and the PRBs of different interlaced PRB groups are arranged
alternatively in frequency domain; and

the step of assigning the enhanced PUCCH to the UE comprises:

assigning the enhanced PUCCH comprising at least one such interlaced PRB
group in the frequency domain to the UE.

24. The method according to claim 22, wherein a highest and a lowest
frequency in the frequency domain occupied by the enhanced PUCCH has a
difference not smaller than 80% of entire system bandwidth.

25. The method according to claim 22, wherein the enhanced PUCCH occupies
smaller than one sub-frame and not smaller than one symbol in time domain.

26. The method according to claim 25, wherein a corresponding transmission
period of the enhanced PUCCH is located within a remaining partial sub-frame after
an end of downlink transmission which occupies only a part of the sub-frame.

27. The method according to claim 26, wherein the corresponding transmission
period of the enhanced PUCCH is located within an uplink pilot timeslot (UpPTS) in
the remaining partial sub-frame.

28. The method according to claim 26, wherein the corresponding transmission
period of the enhanced PUCCH is located within a guard period (GP) in the remaining
partial sub-frame.

29. The method according to claim 26, wherein the corresponding transmission
period of the enhanced PUCCH is initiated right after the downlink transmission with

a duration gap no larger than a preset value.
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30. The method according to claim 26, wherein the length of the corresponding
transmission period of the enhanced PUCCH is counted into the maximum channel
occupancy time (MCOT) of the prior downlink transmission.

31. The method according to any one of claims 26-30, wherein the downlink
transmission comprises downlink burst transmission and downlink reservation signal
transmission, and the downlink reservation signal transmission initiates after an end of
the downlink burst transmission.

32.  Auser equipment (UE), comprising:

a generation module configured to generate an uplink signal for an assigned
enhanced physical uplink control channel (PUCCH), wherein the enhanced PUCCH
belongs to unlicensed spectrum and comprises at least two physical resource blocks
(PRBs) in frequency domain; and

a transmission module configured to transmit the uplink signal over the enhanced
PUCCH.

33. The UE according to claim 32, wherein the PRBs included in the frequency
domain of the enhanced PUCCH comprise at least one interlaced PRB group, wherein
the at least one interlaced PRB group comprises at least three non-continuous and
equally spaced PRBs in the frequency domain.

34. The UE according to claim 32, wherein a highest and a lowest frequency of
the frequency domain occupied by the enhanced PUCCH has a difference not smaller
than 80% of entire system bandwidth.

35. The UE according to claim 32, wherein the enhanced PUCCH occupies
smaller than one sub-frame and not smaller than one symbol in time domain.

36. The UE according to claim 35, wherein the transmission module is
configured to use the enhanced PUCCH to transmit the uplink signal during a
remaining partial sub-frame after an end of downlink transmission which occupies
only a part of the sub-frame.

37. The UE according to claim 36, wherein the transmission module is
configured to use the enhanced PUCCH to transmit the uplink signal during an uplink

pilot timeslot (UpPTS) in the remaining partial sub-frame.
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38. The UE according to claim 36, wherein the transmission module is
configured to use the enhanced PUCCH to transmit the uplink signal during guard
period (GP) in the remaining partial sub-frame.

39. The UE according to claim 36, wherein the transmission module is
configured to use the enhanced PUCCH to transmit the uplink signal right after the
downlink transmission with a duration gap no larger than a preset value.

40. The UE according to claim 36, wherein the transmission module is
configured to transmit an uplink reservation signal right after the downlink
transmission with a duration gap no larger than a preset value, and use the enhanced
PUCCH to transmit the uplink signal right after the uplink reservation signal.

41. The UE according to claim 36, wherein the length of a corresponding
transmission period of the enhanced PUCCH is counted into the maximum channel
occupancy time (MCOT) of the prior downlink transmission.

42. The UE according to claim 32, wherein the generation module comprises:

a sequencing unit configured to obtain a block of complex-valued symbols based
on a block of bits to be transmitted, and obtain a reference signal sequence based on
corresponding cyclic shift;

a mapping unit configured to map the block of complex-valued symbols and the
reference signal sequence to resource elements (REs) in the enhanced PUCCH;

a baseband unit configured to generated baseband signal using the REs; and

a modulation unit configured to modulate and upcovert the baseband signal to
carrier frequency to obtain the uplink signal.

43. The UE according to claim 42, wherein the mapping unit is configured to
map sequentially the complex-valued symbols in the block to the REs to be assigned
the block of complex-valued symbols in increasing order of first subcarriers indexes
and then symbol indexes, and map sequentially the reference signals in the reference
signal sequence to the REs to be assigned the reference signal sequence in increasing
order of first the subcarriers indexes and then the symbols indexes.

44, The UE according to claim 42, wherein the REs in the enhanced PUCCH

comprises at least two symbols in the time domain; and the mapping unit is
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configured to map the block of complex-valued symbols and the reference signal
sequence to the REs in the enhanced PUCCH that correspond to different symbols in
the time domain, respectively, wherein the REs to be assigned the block of
complex-valued symbols and the reference signal sequence belong to at least two
PRBs in the frequency domain.

45. The UE according to claim 32, further comprising;:

a selection module configured to select among a plurality of assigned carriers of
the unlicensed spectrum at least one carrier for the enhanced PUCCH.

46. The UE according to claim 32, wherein the transmission module
comprises:

an evaluation unit configured to perform a clear channel assessment (CCA) on a
channel to be detected to determine whether the detected channel is available, wherein
the detected channel is one corresponding to the entire system bandwidth or to the
enhanced PUCCH; and

a transmission unit configured to use the enhanced PUCCH to transmit the
uplink signal when the detected channel is available.

47. The UE according to claim 46, wherein the transmission module further
comprises:

a reservation unit configured to, when there is a time interval between after
determination the detected channel is evaluated as available and before a start of the
corresponding transmission period of the enhanced PUCCH, use the detected channel
to transmit reservation signal during the time interval to indicate the detected channel
is occupied or will be occupied.

48. A base station, comprising:

an assignment module configured to assign an enhanced physical uplink control
channel (PUCCH) to a user equipment (UE), such that the UE generates a
corresponding uplink signal for the enhanced PUCCH and uses the enhanced PUCCH
to transmit the uplink signal, wherein the enhanced PUCCH belongs to unlicensed
spectrum and comprises at least two physical resource blocks in frequency domain at

a same time point.
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49. The base station according to claim 48, further comprising:

a division module configured to divide the unlicensed spectrum to a plurality of
interlaced PRB groups, where each interlaced PRB group comprises at least three
non-continuous and equally spaced PRBs, and the PRBs of different interlaced PRB
groups are arranged alternatively in frequency domain; and

the assignment module is configured to assign an enhanced PUCCH comprising
at least one such interlaced PRB group in the frequency domain to the UE.

50. The base station according to claim 48, wherein a highest and a lowest
frequency of the frequency domain occupied by the enhanced PUCCH has a
difference not smaller than 80% of entire system bandwidth.

51. The base station according to claim 48, wherein the enhanced PUCCH
occupies smaller than one sub-frame and not smaller than one symbol in time domain.

52. The base station according to claim 51, wherein a corresponding
transmission period of the enhanced PUCCH is located within a remaining partial
sub-frame after an end of downlink transmission which occupies only a part of the
sub-frame.

53. The base station according to claim 52, wherein the corresponding
transmission period of the enhanced PUCCH is located within an uplink pilot timeslot
(UpPTS) in the remaining partial sub-frame.

54. The base station according to claim 52, wherein the corresponding
transmission period of the enhanced PUCCH is located within a guard period (GP) in
the remaining partial sub-frame.

55. The base station according to claim 52, wherein the corresponding
transmission period of the enhanced PUCCH is initiated right after the downlink
transmission with a duration gap no larger than a preset value.

56. The base station according to claim 52, wherein the length of the
corresponding transmission period of the enhanced PUCCH is counted into the
maximum channel occupancy time (MCOT) of the prior downlink transmission.

57. The base station according to any one of claims 52-56, wherein the

downlink transmission comprises downlink burst transmission and downlink
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reservation signal transmission, and the downlink reservation signal transmission
initiates after an end of the downlink burst transmission.

58. Auser equipment (UE), comprising a processor and a communication
circuit connected to the processor; wherein the processor is configured to:

generate a corresponding uplink signal for an assigned enhanced physical uplink
control channel (PUCCH), wherein the enhanced PUCCH belongs to unlicensed
spectrum and comprises at least two physical resource blocks (PRBs) in frequency
domain at a same time point; and transmit via the communication circuit the uplink
signal over the enhanced PUCCH.

59. The UE according to claim 58, wherein a highest and a lowest frequency of
the frequency domain occupied by the enhanced PUCCH has a difference not smaller
than 80% of entire system bandwidth.

60. The UE according to claim 58, wherein the PRBs included in the frequency
domain of the enhanced PUCCH comprises at least one interlaced PRB group,
wherein the at least one interlaced PRB group comprises at least three non-continuous
and equally spaced PRBs in the frequency domain.

61. The UE according to claim 60, wherein the processor is configured to map
the m index of the legacy PUCCH to the index of the assigned interlaced PRB group
of the enhanced PUCCH.

62. The UE according to claim 58, wherein the enhanced PUCCH occupies
smaller than one sub-frame and not smaller than one symbol in time domain.

63. The UE according to claim 62, wherein the processor is configured to use
the enhanced PUCCH to transmit via the communication circuit the uplink signal
during a remaining partial sub-frame after an end of downlink transmission which
occupies only a part of the sub-frame.

64. The UE according to claim 63, wherein the processor is configured to use
the enhanced PUCCH to transmit via the communication circuit the uplink signal

during an uplink pilot timeslot (UpPTS) in the remaining partial sub-frame.
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65. The UE according to claim 63, wherein the processor is configured to use
the enhanced PUCCH to transmit via the communication circuit the uplink signal
during a guard period (GP) in the remaining partial sub-frame.

66. The UE according to claim 63, wherein the processor is configured to use
the enhanced PUCCH to transmit via the communication circuit the uplink signal
right after the downlink transmission with a duration gap no larger than a preset value.

67. The UE according to claim 63, wherein the processor is configured to
transmit via the communication circuit an uplink reservation signal right after the
downlink transmission with a duration gap no larger than a preset value, and use the
enhanced PUCCH to transmit via the communication circuit the uplink signal right
after the uplink reservation signal.

68. The UE according to claim 63, wherein the length of a corresponding
transmission period of the enhanced PUCCH is counted into the maximum channel
occupancy time (MCOT) of the prior downlink transmission.

69. The UE according to claim 58, wherein the processor is configured to:

obtain a block of complex-valued symbols based on a block of bits to be
transmitted and a reference signal sequence based on corresponding cyclic shift; map
the block of complex-valued symbols and the reference signal sequence to resource
elements (REs) occupied by the enhanced PUCCH; generate baseband signal using
the REs; and modulate and upcovert the baseband signal to carrier frequency to obtain
the uplink signal.

70. The UE according to claim 69, wherein the enhanced PUCCH is of a
format 3; and the processor is configured to:

scramble and modulate the block of bits to be transmitted to obtain
complex-valued modulation symbols; block-wise spread the complex-valued
modulation symbols in time domain to obtain the block of complex-valued symbols.

71. The UE according to claim 69, wherein the processor is configured to map
sequentially the complex-valued symbols in the block to the REs to be assigned the
block of complex-valued symbols in increasing order of first subcarrier indexes and

then symbols indexes, and map sequentially the reference signals in the reference
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signal sequence to the REs to be assigned the reference signal sequence in increasing
order of first the subcarriers indexes and then the symbols indexes.

72. The UE according to claim 69, wherein the REs in the enhanced PUCCH
comprises at least two symbols in the time domain; and the processor is configured to
map the block of complex-valued symbols and the reference signal sequence to the
REs in the enhanced PUCCH that correspond to different symbols in the time domain,
respectively, wherein the REs to be assigned the block of complex-valued symbols
and the reference signal sequence belong to at least two PRBs in the frequency
domain.

73. The UE according to claim 69, wherein the processor is configured to map
part or all of the block of complex-valued symbols and part or all of the reference
signal sequence to the REs in the enhanced PUCCH that correspond to a same symbol
in the time domain.

74. The UE according to claim 69, wherein the processor is configured to map
repeatedly part or all of the block of complex-valued symbols and part or all of the
reference signal sequence to the REs in the enhanced PUCCH.

75. The UE according to claim 69, wherein of the REs in the enhanced
PUCCH, at least one RE is set to 0.

76. The UE according to claim 58, wherein the processor is further configured
to:

select among a plurality of assigned carriers of the unlicensed spectrum at least
one carrier for the enhanced PUCCH.

77. The UE according to claim 58, wherein the processor is configured to:

perform through the communication circuit a clear channel assessment (CCA) on
a channel to be detected to determine whether the detected channel is available,
wherein the detected channel is one corresponding to the entire system bandwidth or
to the enhanced PUCCH; and, when the detected channel is available, use the
enhanced PUCCH to transmit the uplink signal.

78. The UE according to claim 77, wherein the processor is further configured

to, when there is a time interval between after determination the detected channel is
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evaluated as available and before a start of the corresponding transmission period of
the enhanced PUCCH, use the detected channel to transmit reservation signal during
the time interval to indicate the detected channel is occupied or will be occupied.

79. Abase station, comprising a processor and a transceiver connected to the
processor; wherein the processor is configured to assigning an enhanced physical
uplink control channel (PUCCH) to a user equipment (UE), such that the UE
generates a corresponding uplink signal for the enhanced PUCCH and uses the
enhanced PUCCH to transmit the uplink signal, wherein the enhanced PUCCH
belongs to the unlicensed spectrum and comprises at least two physical resource
blocks in frequency domain at a same time point.

80. The base station according to claim 79, wherein the processor is further
configured to:

divide the unlicensed spectrum to a plurality of interlaced PRB group, wherein
each interlaced PRB group comprises at least three non-continuous and equally
spaced PRBs, and the PRBs of different interlaced PRB groups are arranged
alternatively in frequency domain; and assign through the transceiver to the UE an
enhanced PUCCH which comprises at least one interlaced PRB group in the
frequency domain.

81. The base station according to claim 79, wherein a highest and a lowest
frequency of the frequency domain occupied by the enhanced PUCCH has a
difference not smaller than 80% of entire system bandwidth.

82. The base station according to claim 79, wherein the enhanced PUCCH
occupies smaller than one sub-frame and not smaller than one symbol in time domain.

83. The base station according to claim 82, wherein a corresponding
transmission period of the enhanced PUCCH is located within a remaining partial
sub-frame after an end of downlink transmission which occupies only a part of the
sub-frame.

84. The base station according to claim 83, wherein the corresponding
transmission period of the enhanced PUCCH is located within an uplink pilot timeslot

(UpPTS) in the remaining partial sub-frame.
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85. The base station according to claim 83, wherein the corresponding
transmission period of the enhanced PUCCH is located within a guard period (GP) in
the remaining partial sub-frame.

86. The base station according to claim 83, wherein the corresponding
transmission period of the enhanced PUCCH is initiated right after the downlink
transmission with a duration gap no larger than a preset value.

87. The base station according to claim 83, wherein the length of the
corresponding transmission period of the enhanced PUCCH is counted into the
maximum channel occupancy time (MCOT) of the prior downlink transmission.

88. The base station according to any one of claims 83-87, wherein the
downlink transmission comprises downlink burst transmission and downlink
reservation signal transmission, and the downlink reservation signal transmission

initiates after an end of the downlink burst transmission.
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