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ENODEB, USER EQUIPMENT AND WIRELESS COMMUNICATION METHOD

BACKGROUND

1. Technical Field

The present disclosure relates to the field of wireless communication, and in particular,
to an eNode B (eNB), a user equipment (UE), and wireless communication methods for

transmission time interval (TTI) indication.

2. Description of the Related Art

Latency reduction is one topic in 3GPP, and the main method is to change TTI length
for example from 1 ms to 1 orthogonal frequency division multiplexing (OFDM) symbol,

which can largely reduce the transmission latency.

SUMMARY

One non-limiting and exemplary embodiment provides an approach to determine or

indicate candidate TTI(s) for a physical channel.

In a first general aspect of the present disclosure, there is provided a user equipment
(UE) comprising: circuitry operative to determine valid transmission time interval(s)
(TTI(s)) for a physical channel in a subframe based on the resource element (RE)
number of each TTI in the subframe; and a receiver operative to receive the physical
channel in one or more of the valid TTI(s) by blindly decoding part or all of the valid
TTI(s), wherein each TTI comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.
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In a second general aspect of the present disclosure, there is provided an eNode B
(eNB) comprising: circuitry operative to determine valid transmission time interval(s)
(TTI(s)) for a physical channel in a subframe based on the resource element (RE)
number of each TTI in the subframe; and a transmitter operative to transmit the
physical channel in one or more of the valid TTI(s) to a user equipment (UE), wherein

each TTI comprises 1-7 orthogonal frequency division multiplexing (OFDM) symbols.

In a third general aspect of the present disclosure, there is provided an eNode B (eNB)
comprising: circuitry operative to generate a bitmap indicating candidate transmission
time interval(s) (TTI(s)) for a physical channel in a subframe; and a transmitter
operative to transmit the bitmap in the radio resource control (RRC) or medium access
control (MAC) layer, and transmit the physical channel in one or more of the candidate
TTI(s), wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of

TTls in the subframe.

In a fourth general aspect of the present disclosure, there is provided a user equipment
(UE) comprising: a receiver operative to receive a bitmap indicating candidate
transmission time interval(s) (TTI(s)) for a physical channel in a subframe in the radio
resource control (RRC) or medium access control (MAC) layer; and circuitry operative
to determine the candidate TTI(s) based on the bitmap, wherein the receiver is also
operative to receive the physical channel in one or more of the candidate TTI(s) by
blindly decoding the candidate TTI(s), and each TTI in the subframe comprises 1-7
orthogonal frequency division multiplexing (OFDM) symbols, and the size of the bitmap

depends on the lengths of TTls in the subframe.

In a fifth general aspect of the present disclosure, there is provided a wireless
communication method performed by a user equipment (UE) comprising: determining

valid transmission time interval(s) (TTI(s)) for a physical channel in a subframe based
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on the resource element (RE) number of each TTI in the subframe; and receiving the
physical channel in one or more of the valid TTI(s) by blindly decoding part or all of the
valid TTI(s), wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

In a sixth general aspect of the present disclosure, there is provided a wireless
communication method performed by an eNode B (eNB), comprising: determining valid
transmission time interval(s) (TTI(s)) for a physical channel in a subframe based on the
resource element (RE) number of each TTI in the subframe; and transmitting the
physical channel in one or more of the valid TTI(s) to a user equipment (UE), wherein

each TTI comprises 1-7 orthogonal frequency division multiplexing (OFDM) symbols.

In a seventh general aspect of the present disclosure, there is provided a wireless
communication method performed by an eNode B (eNB) comprising: generating a
bitmap indicating candidate transmission time interval(s) (TTI(s)) for a physical channel
in a subframe; transmitting the bitmap in the radio resource control (RRC) or medium
access control (MAC) layer; transmitting the physical channel in one or more of the
candidate TTI(s), wherein each TTI in the subframe comprises 1-7 orthogonal
frequency division multiplexing (OFDM) symbols, and the size of the bitmap depends

on the lengths of TTls in the subframe.

In an eighth general aspect of the present disclosure, there is provided a wireless
communication method performed by a user equipment (UE) comprising: receiving a
bitmap indicating candidate transmission time interval(s) (TTI(s)) for a physical channel
in a subframe in the radio resource control (RRC) or medium access control (MAC)
layer; determining the candidate TTI(s) based on the bitmap; and receiving the physical
channel in one or more of the candidate TTI(s) by blindly decoding the candidate TTI(s),
wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of

TTls in the subframe.
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It should be noted that general or specific embodiments may be implemented as a
system, a method, an integrated circuit, a computer program, a storage medium, or any

selective combination thereof.

Additional benefits and advantages of the disclosed embodiments will become
apparent from the specification and drawings. The benefits and/or advantages may be
individually obtained by the various embodiments and features of the specification and
drawings, which need not all be provided in order to obtain one or more of such

benefits and/or advantages.

BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with
the accompanying drawings. Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are, therefore, not to be
considered limiting of its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying drawings, in which:

Fig. 1 schematically illustrates some examples of TTI length reduction;

Fig. 2 schematically illustrates candidate TTIs for transmitting EPDCCH in a
subframe;

Fig. 3 schematically illustrates a block diagram of an eNB according to an
embodiment of the present disclosure;

Fig. 4 illustrates a flowchart of a wireless communication method performed by an
eNB according to an embodiment of the present disclosure;

Fig. 5 schematically illustrates a block diagram of a UE according to an embodiment

of the present disclosure;
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Fig. 6 illustrates a flowchart of a wireless communication method performed by a
UE according to an embodiment of the present disclosure;

Fig. 7 schematically illustrates a block diagram of a UE according to an embodiment
of the present disclosure;

Fig. 8 schematically illustrates reference signal assumption in an example;

Fig. 9 illustrates a flowchart of a wireless communication method performed by a
UE according to an embodiment of the present disclosure; and

Fig. 10 illustrates a flowchart of a wireless communication method performed by an

eNB according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings,
which form a part thereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. It will be readily understood that the
aspects of the present disclosure can be arranged, substituted, combined, and
designed in a wide variety of different configurations, all of which are explicitly

contemplated and make part of this disclosure.

Latency reduction is a topic in 3GPP RAN1 and the main method is to reduce TTI
length for example from 1 ms to 1-7 OFDM symbols so that transmission latency can
be reduced. Fig.1 shows some examples of TTI length reduction. In Fig. 1, from the
top to the bottom, the first plot shows normal TTls, that is, the TTI length is one
subframe; the second plot shows TTls whose length is 1 slot (7 OFMD symbols); the
third plot shows TTIs whose length is 4 or 3 OFDM symbols (for example, the first and
the third TTls in a subframe have 4 OFDM symbols, and the second and the fourth
TTls have 3 OFDM symbols); the fourth plot shows TTls whose length is 1 OFDM

symbol.
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Normally, one physical channel such as an EPDCCH or PDSCH is transmitted in one
TTI regardless of how long the TTl is. If the TTI length is 1 OFDM symbol, the physical
channel will be transmitted in 1 OFDM symbol; if the TTI length is 7 OFDM symbols,
the physical channel will be transmitted in 7 OFDM symbols. It is noted that TTl is a
general terminology which can be used for any channel transmission. For example, the
physical channel herein can refer to any downlink channel such as EPDCCH and
PDSCH.

Taking EPDCCH as an example, assuming one shortened TTI whose length is smaller
than one subframe transmits one EPDCCH, it is not feasible to assume all TTls of a
subframe are potential to transmit the EPDCCH as it will largely increase UE'’s blind
decoding (BD) times in the subframe and cause large UE complexity. Therefore, it is
proposed that only some TTIs in a subframe are configured to be candidates to
transmit the EPDCCH. Fig. 2 schematically illustrates candidate TTls for transmitting
EPDCCH in a subframe, wherein the length of the TTls is one OFDM symbol. In the
example of Fig. 2, the EPDCCH can only be transmitted in the candidate TTls, and the
UE only needs to blindly decode the candidate TTIs. In such a way, the BD times can

be reduced.

In order for the above mechanism in which a physical channel is only transmitted in
candidate TTlIs for the physical channel in a subframe to work, the UE should know
which TTls are the candidate TTls for the physical channel.

In an embodiment of the present disclosure, a 14 bit bitmap in the radio resource
control (RRC) or medium access control (MAC) layer can be used to indicate the
candidate TTIs to each UE. This 14 bit bitmap can be used for all possible TTI lengths.
For TTls with the length of 1 OFDM symbol, each bit in the 14 bit bitmap indicates
whether one TTI is a candidate TTI, for example, bit “1” means candidate, and bit “0”
means non-candidate. For TTIs with larger length, 2 or more bits can be used to
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indicate one TTI’s situation, for example, for TTls with the length of 2 OFDM symbols, 2

bits can be used to indicate one TTI’s situation.

In the above embodiment, a unified 14 bitmap is used for all possible TTI lengths,
which may cause relatively large overhead. In another embodiment, the size of the
bitmap to indicate candidate TTIs in a subframe can depend on the lengths of TTls in
the subframe. Based on the lengths of the TTIs, the number of TTls in a subframe can
be calculated, and the bit number of the bitmap can be corresponding to (e.g., equal to)
the number of the TTls.

For example, when the lengths of all the TTls are the same in a subframe, if the TTI
length is 1 OFDM symbol, then the number of TTls in a normal subframe is 14, and a
14 bit bitmap can be used; if the TTI length is 7 OFDM symbols, then the number of
TTls in a normal subframe is 2, and a 2 bit bitmap can be used. For special cases, if
the TTI length is not an exact divider of 14 (the number of OFDM symbols of a normal
subframe), at least two TTIs in the subframe can be arranged to overlap each other, or
some OFDM symbols (for example, the last m OFDM symbols, where m is the
remainder when 14 is divided by the TTI length) in the subframe can be not assigned to
the TTls. For example, if the TTI length is 4, then there can be 4 TTls in the subframe
by overlapping the first TTl and the second TTI with one OFDM symbol (that is, the
ending OFDM symbol of the first TTI is the starting OFDM symbol of the second TTI)
and overlapping the third TTIl and the fourth TTIl with one OFDM symbol (that is, the
ending OFDM symbol of the third TTI is the starting OFDM symbol of the fourth TTI),
and thus a 4 bit bitmap can be used; alternatively, there can be 3 TTls in the subframe
by not assigning the last two OFDM symbols in the subframe to any TTI, and thus a 3

bit bitmap can be used.

In another example, the lengths of the TTls can be not all the same in a subframe in
order to make full use of the OFDM symbols of the subframe, such as the TTI

arrangement shown in the third plot in Fig. 2, in which the lengths of the first TTI and
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the third TTI in the subframes are 4 OFDM symbols, and the lengths of the second TTI
and the fourth TTIl are 3 OFDM symbols. In this case, the number of TTIs can be
counted based on the specific TTl arrangement in the subframe. For the example
shown in the third plot in Fig. 2, the number of TTls in the subframe is 4, and a 4 bit

bitmap can be used.

Based on the above concept of using different bitmaps for different subframes with
different TTI lengths or numbers, an embodiment of the present disclosure provides an
eNB 300 as shown in Fig. 3 which schematically illustrates a block diagram of the eNB
300 according to an embodiment of the present disclosure. The eNB 300 can comprise
circuitry 301 operative to generate a bitmap indicating candidate TTI(s) (i.e., one or
more TTIs) for a physical channel in a subframe; and a transmitter 302 operative to
transmit the bitmap in the RRC or MAC layer to a UE, and transmit the physical
channel in one or more of the candidate TTI(s) to the UE. Each TTI in the subframe
comprises 1-7 OFDM symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe. Exemplary ways of determining the size of the bitmap can refer

to the above description on determining the TTI number and the bitmap size.

In the embodiment, the eNB 300 transmits a bitmap whose size depends on the
lengths of TTls in a subframe in the RRC or MAC layer to a UE for the UE to determine
the candidate TTI(s) in the subframe. Therefore, the bitmap size can be optimized, and
the overhead can be reduced. It is noted that, in the present disclosure, one physical
channel (such as EPDCCH and PDSCH) can be transmitted in one or more candidate
TTls. When one physical channel is transmitted in multiple TTls, the UE can jointly

decode the multiple TTls carrying the physical channel.

In an embodiment, the lengths of the TTIs in the subframe can be UE-specific, in other
words, not all UEs are configured by the same TTI length. As an example, the lengths
of the TTls in the subframe depend on UE’s coverage situation. For example, for a

cell-edge UE whose radio condition is relatively bad, it is reasonable to configure more
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OFDM symbols as the TTI length since the channel estimation performance will be
relatively bad; for a cell-center UE who has relatively good radio condition, it is
reasonable to configure shorter TTI length (for example, 1 OFDM symbol) since the
channel estimation performance will be relatively good. The eNB can judge UE’s
coverage situation from a received uplink signal or the Reference Signal Received
Power (RSRP) report.

In an embodiment of eNB 300, the special or partial subframes can use the same
bitmap as the normal subsframes. Herein, the “special subframe” is as defined in the
specification 3GPP TS 36.211 concerning TDD, and the “partial subframe” is a
subframe where the transmission starts in the 2™ slot of the subframe as defined in the
specification 3GPP TS 36.211 concerning unlicensed carrier access. The bitmap size
for the normal subframes can be determined as described in the above. If the
subframe is a special or partial subframe, n bits (for example, the first n bits) of the
bitmap are applied to indicate the candidate TTI(s), and n depends on the number of
TTls in the special or partial subframe. For example, in the case of special subframe
configuration 0 whose symbol number of DwPTS is 3, if the TTI length is 4 OFDM
symbols, the bitmap of “1100” can mean that the first and second TTIs of the special
subframe and the normal subframe are candidate TTIs. Alternatively, a special bitmap
can be used to indicate which TTI(s) are candidate TTI(s) in a special or partial
subframe, and the size of the special bitmap can be determined based on the number
of TTls in the special or partial subframe.

In addition, as shown in Fig. 3, the eNB 300 according to the present disclosure may
optionally include a CPU (Central Processing Unit) 310 for executing related programs
to process various data and control operations of respective units in the eNB 300, a
ROM (Read Only Memory) 313 for storing various programs required for performing
various process and control by the CPU 310, a RAM (Random Access Memory) 315 for
storing intermediate data temporarily produced in the procedure of process and control

by the CPU 310, and/or a storage unit 317 for storing various programs, data and so on.
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The above circuitry 301, and transmitter 302, CPU 310, ROM 313, RAM 315 and/or
storage unit 317 etc. may be interconnected via data and/or command bus 320 and

transfer signals between one another.

Respective components as described above do not limit the scope of the present
disclosure. According to one implementation of the disclosure, the functions of the
above circuitry 301 and transmitter 302 may be implemented by hardware, and the
above CPU 310, ROM 313, RAM 315 and/or storage unit 317 may not be necessary.
Alternatively, the functions of the above circuitry 301 and transmitter 302 may also be
implemented by functional software in combination with the above CPU 310, ROM 313,
RAM 315 and/or storage unit 317 etc.

Fig. 4 illustrates a flowchart of a wireless communication method 400 performed by an
eNB (e.g. the eNB 300) according to an embodiment of the present disclosure. The
wireless communication method 400 can comprise a step 401 of generating a bitmap
indicating candidate TTI(s) for a physical channel in a subframe, a step 402 of
transmitting the bitmap in the RRC or MAC layer to a UE, and a step 403 of
transmitting the physical channel in one or more of the candidate TTI(s) to the UE.
Each TTI in the subframe comprises 1-7 OFDM symbols, and the size of the bitmap
depends on the lengths of TTls in the subframe. The details and benefits described in

the above for eNB 300 can also be applied to the wireless communication method 400.

Accordingly, embodiments of the present disclosure also provide a UE and a wireless

communication method performed by the UE.

Fig. 5 schematically illustrates a block diagram of a UE 500 according to an
embodiment of the present disclosure. The UE 500 can comprise: a receiver 501
operative to receive a bitmap indicating candidate TTI(s) for a physical channel in a
subframe in the RRC or MAC layer; and circuitry 502 operative to determine the

candidate TTI(s) based on the bitmap, wherein the receiver is also operative to receive
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the physical channel in one or more of the candidate TTI(s) by blindly decoding the
candidate TTI(s), and each TTI in the subframe comprises 1-7 orthogonal frequency
division multiplexing (OFDM) symbols, and the size of the bitmap depends on the
lengths of TTls in the subframe. In the embodiment, the UE 500 can obtain the
information on the candidate TTI(s) based on the bitmap, and thus can only blindly
decode the candidate TTI(s) to receive the physical channel transmitted in one or more
of the candidate TTI(s).

The UE 500 according to the present disclosure may optionally include a CPU (Central
Processing Unit) 510 for executing related programs to process various data and
control operations of respective units in the UE 500, a ROM (Read Only Memory) 513
for storing various programs required for performing various process and control by the
CPU 510, a RAM (Random Access Memory) 515 for storing intermediate data
temporarily produced in the procedure of process and control by the CPU 510, and/or a
storage unit 517 for storing various programs, data and so on. The above receiver 501,
circuitry 502, CPU 510, ROM 513, RAM 515 and/or storage unit 517 etc. may be
interconnected via data and/or command bus 520 and transfer signals between one

another.

Respective components as described above do not limit the scope of the present
disclosure. According to one implementation of the disclosure, the functions of the
above receiver 501 and circuitry 502 may be implemented by hardware, and the above
CPU 510, ROM 513, RAM 515 and/or storage unit 517 may not be necessary.
Alternatively, the functions of the above receiver 501 and circuitry 502 may also be
implemented by functional software in combination with the above CPU 510, ROM 513,
RAM 515 and/or storage unit 517 etc.

Fig. 6 illustrates a flowchart of a wireless communication method 600 performed by a
UE (e.g., the UE 500) according to an embodiment of the present disclosure. The

wireless communication method 600 can comprise a step 601 of receiving a bitmap
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indicating candidate TTI(s) for a physical channel in a subframe in the RRC or MAC
layer, a step 602 of determining the candidate TTI(s) based on the bitmap, and a step
603 of receiving the physical channel in one or more of the candidate TTI(s) by blindly
decoding the candidate TTI(s), wherein each TTI in the subframe comprises 1-7 OFDM

symbols, and the size of the bitmap depends on the lengths of TTIs in the subframe.

It is noted that the details and benefits described in the above for the eNB side can also

be applied to the UE side, unless the context indicates otherwise.

In another embodiment of the present disclosure, in order to determine candidate TTI(s)
for transmitting a physical channel in a subframe, valid TTI(s) for the physical channel
are determined based on RE number of each TTI in the subframe. The “valid TTI” for a
physical channel herein refers to a TTI capable of transmitting the physical channel.
For example, in the case that one TTI transmits one physical channel, if the RE number
of the TTl is enough to transmit the physical channel, the TTl is a valid TTl. When it is
configured that one physical channel can be transmitted in multiple TTls, if the total RE
number of the multiple TTIs is enough to transmit the physical channel, the multiple
TTls are valid TTls. Since the physical channel is only possible to be transmitted in the
valid TTI(s), the UE only needs to at most blindly decode the valid TTI(s) to receive the
physical channel. In one example, all the valid TTI(s) are all taken as candidate TTI(s)
for transmitting the physical channel, and there is no bitmap to further indicate
candidate TTI(s); therefore, the UE needs to blindly decode all the valid TTI(s). In
another example, there is a bitmap applied to the valid TTI(s) to further indicate which
TTI(s) among the valid TTI(s) is candidate TTI(s) for the physical channel. In either
example, the signaling overhead can be reduced. Particularly, for the latter example,
since the bitmap can be only applied to the valid TTI(s) rather than all the TTls in a

subframe, its size can be reduced.

Based on the above concept of determining valid TTls based on the RE number of

each TTIl in a subframe, an embodiment of the present disclosure provides a UE 700
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as shown in Fig. 7 which schematically illustrates a block diagram of the UE 700
according to an embodiment of the present disclosure. The UE 700 can comprise:
circuitry 701 operative to determine valid TTI(s) for a physical channel in a subframe
based on the RE number of each TTI in the subframe; and a receiver 702 operative to
receive the physical channel in one or more of the valid TTI(s) by blindly decoding part
or all of the valid TTI(s), wherein each TTl comprises 1-7 OFDM symbols. In the
embodiment, the UE can obtain the information on valid TTI(s) based on the RE
number of each TTI, and thus only need to blindly decode at most the valid TTI(s)
rather than all the TTIs in the subframe. It is noted that the above descriptions on Fig.

5 can be applicable to the UE 700 in Fig.7 unless the context indicates otherwise.

Considering EPDCCH as the physical channel, reference signal configuration (for

example CSI-RS dropping behavior, periodicity, CRS port number and PDCCH

configuration) and MBSFN configuration will impact the RE number in a TTI for
transmitting the EPDCCH. As an example, the following assumptions can be made.

« DCl size is 32 bits (including CRC), and QPSK and 1/3 coding rate are adopted, so
the required RE number to transmit such a DCI is 32x3/2=48.

*+ 4 PRBs are allocated for a shortened TTI in a subframe and the TTI length is 1
OFDM symbol.

+ Reference signal assumption is as shown in Fig. 8 which schematically illustrates
reference signal assumption in an example. In Fig. 9, two CRS ports, 24 DMRS
REs, 8 port CSI-RS and one OFDM symbol PDCCH are assumed in a PRB. In
OFDM symbol (or TTl) 0, as PDCCH occupies the whole PRB, available RE
number for EPDCCH is zero. In OFDM symbol (or TTI) 5, 6, 12 and 13, as DMRS
RE number in a PRB is 6, available RE number for EPDCCH is 6. Other OFDM

symbols’ available RE number can be calculated in similar ways.

Based on above assumptions, the RE number in each TTI of one subframe can be
determined as shown in Table 1. Since the required RE number for transmitting the
above DCl is 48, only TTIs (or OFDM symboils) 1, 2, 3 and 8 are valid for EPDCCH.
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Table 1
TTI Number of PRB number | Total RE Valid or not
REs per PRB | infrequency | number for EPDCCH
0 0 4 0 N
1 12 4 48 Valid
2 12 4 48 Valid
3 12 4 48 Valid
4 8 4 32 N
5 6 4 24 N
6 6 4 24 N
7 4 32 N
8 12 4 48 Valid
9 8 4 32 N
10 8 4 32 N
11 8 4 32 N
12 6 4 24 N
13 6 4 24 N

In one embodiment, all the valid TTI(s) are taken as candidate TTI(s), and the UE 700
will blindly decode all the valid TTI(s). In the above example shown in Table 1, the four
valid TTls can be taken as candidate TTlIs for EPDCCH.

Alternatively, in another embodiment, a bitmap applied to the valid TTI(s) can be send
from the eNB to further indicate which TTI(s) among the valid TTI(s) is candidate TTI(s)
for the physical channel. Accordingly, the receiver 702 can be further operative to
receive a bitmap in the RRC or MAC layer indicating candidate TTI(s) for the physical
channel among the valid TTI(s); the one or more of the valid TTI(s) for transmitting the

physical channel is among the candidate TTI(s), and the receiver 702 can be operative
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to blindly decode the candidate TTI(s) when receiving the physical channel. Here, the
size of the bitmap can be equal to the number of the valid TTI(s) in the subframe since
the bitmap can be only applied to the valid TTI(s), so its size can be smaller than a
bitmap applied to all the TTls in the subframe. For the above example shown in Table
1, a 4 bit bitmap can be used to indicate which TTI(s) in the four valid TTls are
candidate TTI(s) for the EPDCCH. Alternatively, the size of the bitmap can be equal to
the largest one of the numbers of valid TTI(s) in respective subframes available to the
UE. There are different types of subframes, for example, MBSFN (Multicast Broadcast
Single Frequency Network) subframe and non-MBSFN subframe, and some RSs like
CSI-RS may not exist in every subframe. Therefore, different types of subframes can
have different situations on valid TT| number. For the example shown in Fig. 8, the
CSI-RS may not exist in some subframes, so the TTIs (OFDM symbols) 9 and 10 may
be valid TTls for the EPDCCH in some subframes. Therefore, in order to use the same
bitmap for different types of subframes (for example, the one shown in Fig. 7 with CSI-
RS in OFDM symbols 9 and 10, and the one without CSI-RS in OFDM symbols 9 and
10), the size of the bitmap can be the largest size suitable for all types of subframes,
that is, be equal to the largest one of the numbers of valid TTI(s) in respective
subframes available to the UE. In the above example shown in Fig. 8 and Table 1, a 6
bit bitmap can be used to indicate symbols (TTls) 1, 2, 3, 8, 9 and 10. For a subframe

with CSI-RS, the bits in the bitmap for symbols 9 and 10 are not valid.

Usually, one physical channel is only transmitted in one TTI. However, sometimes, too
few valid TTIls may exist in a subframe if one physical channel is only transmitted in
one TTI. Therefore, as proposed in the present disclosure, multiple TTIs can be used
to transmit one physical channel such as EPDCCH. In the case that the RE number of
each individual TTI of a set of TTls in a subframe is not enough to transmit the physical
channel, if the total RE number of the set of TTIs is enough to transmit the physical
channel, the set of TTls can be determined as valid, the set of TTls in combination are
used to transmit the physical channel, and the receiver 702 can jointly decode the set

of TTls. For example, assuming two consecutive TTls can transmit one EPDCCH, in



WO 2017/132823 PCT/CN2016/073158

16

the example shown in Fig. 8 and Table 1, among the invalid TTIs 0, 4, 5, 6, 7, 9, 10, 11,
12 and 13 when the EPDCCH can only be transmitted in one TTI, the combinations of
TTls 4 and 5, 6 and 7, and 9 and 10 can also be determined as valid since each of the
combinations has more than 48 REs, as shown in Table 2. This can increase the
capacity of shortened TTI transmission. In an embodiment, the EPDCCH over two
TTls can only be transmitted in TTls which are invalid when the EPDCCH is only

transmitted in one TTI.

Table 2
TTI Nl‘;‘é‘sbez;’f PRB number | Total RE | Valid for 1 TTI | Valid for 2 TTI
PR% in frequency | number transmission transmission
0 0 4 0 N
1 12 4 48 Valid
2 12 4 48 Valid
3 12 4 48 Valid
4 8 4 32 N
Valid
5 6 4 24 N
6 6 4 24 N
Valid
7 8 4 32 N
8 12 4 48 Valid
9 8 4 32 N
Valid
10 8 4 32 N
11 8 4 32 N
Valid
12 6 4 24 N
13 6 4 24 N

In an embodiment of the present disclosure, there is also provided a wireless

communication method 900 performed by the above UE 700. Fig. 9 illustrates a
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flowchart of a wireless communication method 900 performed by a UE according to an
embodiment of the present disclosure. The wireless communication 900 can comprise:
a step 901 of determining valid TTI(s) for a physical channel in a subframe based on
the RE number of each TTI in the subframe; and a step 902 of receiving the physical
channel in one or more of the valid TTI(s) by blindly decoding part or all of the valid
TTI(s), wherein each TT| comprises 1-7 OFDM symbols. The details and benefits
described for the above UE 700 can also be applied to the wireless communication
method 900.

At the eNB side, embodiments of the present disclosure provide an eNB and a wireless
communication method performed by the eNB.

Fig. 10 illustrates a flowchart of a wireless communication method 1000 performed by
an eNB according to an embodiment of the present disclosure. The wireless
communication method 1000 can comprise a step 1001 of determining valid TTI(s) for
a physical channel in a subframe based on the RE number of each TTI in the subframe;
and a step 1002 of transmitting the physical channel in one or more of the valid TTI(s)
to a UE, wherein each TTI comprises 1-7 OFDM symbols. Optionally, the method 1000
can also comprise transmitting a bitmap in the RRC or MAC layer indicating candidate
TTI(s) for the physical channel among the valid TTI(s) to the UE, wherein the size of
the bitmap is equal to the number of the valid TTI(s) in the subframe or the largest one
of the numbers of valid TTI(s) in respective subframes available to the UE, and the one
or more of the valid TTI(s) for transmitting the physical channel is among the candidate
TTI(s).

An embodiment of the present disclosure also provides an eNB for performing the
above method 1000, which can comprise: circuitry operative to determine valid TTI(s)
for a physical channel in a subframe based on the RE number of each TTIl in the
subframe; and a transmitter operative to transmit the physical channel in one or more

of the valid TTI(s) to a UE, wherein each TT| comprises 1-7 OFDM symbols. Optionally,
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the transmitter can be further operative to transmit a bitmap in the RRC or MAC layer
indicating candidate TTI(s) for the physical channel among the valid TTI(s) to a UE,
wherein the size of the bitmap is equal to the number of the valid TTI(s) in the subframe
or the largest one of the numbers of valid TTI(s) in respective subframes available to
the UE, wherein the one or more of the valid TTI(s) for transmitting the physical
channel is among the candidate TTI(s). The block diagram of the eNB in this

embodiment can refer to the structure shown in Fig. 3.

It is noted that the details and benefits described in the above for the UE side can also

be applied to the eNB side, unless the context indicates otherwise.

The present disclosure can be realized by software, hardware, or software in
cooperation with hardware. Each functional block used in the description of each
embodiment described above can be realized by an LS| as an integrated circuit, and
each process described in the each embodiment may be controlled by LSI. They may
be individually formed as chips, or one chip may be formed so as to include a part or all
of the functional blocks. They may include a data input and output coupled thereto. The
LS| here may be referred to as an IC, a system LSI, a super LSI, or an ultra LSI
depending on a difference in the degree of integration. However, the technique of
implementing an integrated circuit is not limited to the LS| and may be realized by using
a dedicated circuit or a general-purpose processor. In addition, a FPGA (Field
Programmable Gate Array) that can be programmed after the manufacture of the LS| or
a reconfigurable processor in which the connections and the settings of circuits cells

disposed inside the LS| can be reconfigured may be used.

It is noted that the present disclosure intends to be variously changed or modified by
those skilled in the art based on the description presented in the specification and
known technologies without departing from the content and the scope of the present
disclosure, and such changes and applications fall within the scope that claimed to be
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protected. Furthermore, in a range not departing from the content of the disclosure, the

constituent elements of the above-described embodiments may be arbitrarily combined.

Embodiments of the present disclosure can at least provide the following subject
matters.

1. A user equipment (UE) comprising:

circuitry operative to determine valid transmission time interval(s) (TTI(s)) for a
physical channel in a subframe based on the resource element (RE) number of each
TTl in the subframe; and

a receiver operative to receive the physical channel in one or more of the valid
TTI(s) by blindly decoding part or all of the valid TTI(s),

wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

2. The user equipment according to 1, wherein

the receiver is further operative to receive a bitmap in the radio resource control
(RRC) or medium access control (MAC) layer indicating candidate TTI(s) for the
physical channel among the valid TTI(s), wherein the size of the bitmap is equal to the
number of the valid TTI(s) in the subframe or the largest one of the numbers of valid
TTI(s) in respective subframes available to the UE; and

the one or more of the valid TTI(s) for transmitting the physical channel is among
the candidate TTI(s), and the receiver is operative to blindly decode the candidate
TTI(s) when receiving the physical channel.

3. The user equipment according to 2, wherein

the same bitmap is used for different types of subframes, and

the size of the bitmap is equal to the largest one of the numbers of valid TTI(s) in
respective subframes available to the UE.

4. The user equipment according to 1, wherein

the receiver is operative to blindly decode all the valid TTI(s) when receiving the
physical channel.

5. The user equipment according to 1, wherein
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the circuitry is further operative to determine that a set of TTls in the subframe
are valid TTls if the total RE number of the set of TTls is enough to transmit the
physical channel in the case that the RE number of each individual TTI of the set of
TTls is not enough to transmit the physical channel, wherein the set of TTls in
combination are used to transmit the physical channel.

6. An eNode B (eNB) comprising:

circuitry operative to determine valid transmission time interval(s) (TTI(s)) for a
physical channel in a subframe based on the resource element (RE) number of each
TTl in the subframe; and

a transmitter operative to transmit the physical channel in one or more of the
valid TTI(s) to a user equipment (UE),

wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

7. The eNode B according to 6, wherein

the transmitter is further operative to transmit a bitmap in the radio resource
control (RRC) or medium access control (MAC) layer indicating candidate TTI(s) for the
physical channel among the valid TTI(s) to the UE, wherein the size of the bitmap is
equal to the number of the valid TTI(s) in the subframe or the largest one of the
numbers of valid TTI(s) in respective subframes available to the UE, and

the one or more of the valid TTI(s) for transmitting the physical channel is among
the candidate TTI(s).

8. The eNode B according to 7, wherein

the same bitmap is used for different types of subframes, and

the size of the bitmap is equal to the largest one of the numbers of valid TTI(s) in
respective subframes available to the UE.

9. The eNode B according to 6, wherein

the transmitter is operative to transmit the physical channel in one or more of the
valid TTI(s) by taking all the valid TTI(s) as candidate TTI(s) for the physical channel.

10. The eNode B according to 6, wherein
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the circuitry is further operative to determine that a set of TTIs in the subframe
are valid TTls if the total RE number of the set of TTls is enough to transmit the
physical channel in the case that the RE number of each individual TTI of the set of
TTls is not enough to transmit the physical channel, wherein the set of TTls in
combination are used to transmit the physical channel.

11. An eNode B (eNB) comprising:

circuitry operative to generate a bitmap indicating candidate transmission time
interval(s) (TTI(s)) for a physical channel in a subframe; and

a transmitter operative to transmit the bitmap in the radio resource control (RRC)
or medium access control (MAC) layer, and transmit the physical channel in one or
more of the candidate TTI(s),

wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

12. The eNode B according to 11, wherein

the lengths of the TTls in the subframe are user equipment (UE)-specific.

13. The eNode B according to 12, wherein

the lengths of the TTls in the subframe depend on UE’s coverage situation.

14. The eNode B according to 11, wherein

the lengths of the TTIs in the subframe are all the same; and

if the lengths of the TTIs are not an exact divider of 14, at least two TTIs in the
subframe are arranged to overlap each other, or some OFDM symbols in the subframe
are not assigned to the TTls.

15. The eNode B according to 11, wherein

If the subframe is a special or partial subframe, n bits of the bitmap are applied
to indicate the candidate TTI(s), and n depends on the number of TTls in the special or
partial subframe.

16. A user equipment (UE) comprising:
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a receiver operative to receive a bitmap indicating candidate transmission time
interval(s) (TTI(s)) for a physical channel in a subframe in the radio resource control
(RRC) or medium access control (MAC) layer; and

circuitry operative to determine the candidate TTI(s) based on the bitmap,

wherein the receiver is also operative to receive the physical channel in one or
more of the candidate TTI(s) by blindly decoding the candidate TTI(s), and

each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

17. The user equipment according to 16, wherein

the lengths of the TTls in the subframe are user equipment (UE)-specific.

18. The user equipment according to 17, wherein

the lengths of the TTls in the subframe depend on UE’s coverage situation.

19. The user equipment according to 16, wherein

the lengths of the TTls in the subframe are all the same; and

if the lengths of the TTIs are not an exact divider of 14, at least two TTIs in the
subframe are arranged to overlap each other, or some OFDM symbols in the subframe
are not assigned to the TTls.

20. The user equipment according to 16, wherein

If the subframe is a special or partial subframe, n bits of the bitmap are applied
to indicate the candidate TTI(s), and n depends on the number of TTls in the special or
partial subframe.

21. A wireless communication method performed by a user equipment (UE)
comprising:

determining valid transmission time interval(s) (TTI(s)) for a physical channel in
a subframe based on the resource element (RE) number of each TTI in the subframe;
and

receiving the physical channel in one or more of the valid TTI(s) by blindly
decoding part or all of the valid TTI(s),
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wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

22. The wireless communication method according to 21, further comprising:

receiving a bitmap in the radio resource control (RRC) or medium access control
(MAC) layer indicating candidate TTI(s) for the physical channel among the valid TTI(s),

wherein the size of the bitmap is equal to the number of the valid TTI(s) in the
subframe or the largest one of the numbers of valid TTI(s) in respective subframes
available to the UE; and

the one or more of the valid TTI(s) for transmitting the physical channel is among
the candidate TTI(s), and the candidate TTI(s) are blindly decoded when receiving the
physical channel.

23. The wireless communication method according to 22, wherein

the same bitmap is used for different types of subframes, and

the size of the bitmap is equal to the largest one of the numbers of valid TTI(s) in
respective subframes available to the UE.

24. The wireless communication method according to 21, wherein

all the valid TTI(s) are blindly decoded when receiving the physical channel.

25. The wireless communication method according to 21, further comprising:

determining that a set of TTls in the subframe are valid TTls if the total RE
number of the set of TTls is enough to transmit the physical channel in the case that
the RE number of each individual TTI of the set of TTIs is not enough to transmit the
physical channel, wherein the set of TTIs in combination are used to transmit the
physical channel.

26. A wireless communication method performed by an eNode B (eNB),
comprising:

determining valid transmission time interval(s) (TTI(s)) for a physical channel in
a subframe based on the resource element (RE) number of each TTI in the subframe;
and

transmitting the physical channel in one or more of the valid TTI(s) to a user

equipment (UE),
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wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

27. The wireless communication method according to 26, further comprising:

transmitting a bitmap in the radio resource control (RRC) or medium access
control (MAC) layer indicating candidate TTI(s) for the physical channel among the
valid TTI(s) to the UE, wherein

the size of the bitmap is equal to the number of the valid TTI(s) in the subframe
or the largest one of the numbers of valid TTI(s) in respective subframes available to
the UE, and

the one or more of the valid TTI(s) for transmitting the physical channel is among
the candidate TTI(s).

28. The wireless communication method according to 27, wherein

the same bitmap is used for different types of subframes, and

the size of the bitmap is equal to the largest one of the numbers of valid TTI(s) in
respective subframes available to the UE.

29. The wireless communication method according to 26, wherein

the physical channel is transmitted in one or more of the valid TTI(s) by taking all
the valid TTI(s) as candidate TTI(s) for the physical channel.

30. The wireless communication method according to 26, further comprising:

determining that a set of TTIs in the subframe are valid TTls if the total RE
number of the set of TTls is enough to transmit the physical channel in the case that
the RE number of each individual TTI of the set of TTIs is not enough to transmit the
physical channel, wherein the set of TTIs in combination are used to transmit the
physical channel.

31. A wireless communication method performed by an eNode B (eNB)
comprising:

generating a bitmap indicating candidate transmission time interval(s) (TTI(s))
for a physical channel in a subframe;

transmitting the bitmap in the radio resource control (RRC) or medium access

control (MAC) layer;
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transmitting the physical channel in one or more of the candidate TTI(s),

wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

32. The wireless communication method according to 31, wherein

the lengths of the TTls in the subframe are user equipment (UE)-specific.

33. The wireless communication method according to 32, wherein

the lengths of the TTls in the subframe depend on UE’s coverage situation.

34. The wireless communication method according to 31, wherein

the lengths of the TTls in the subframe are all the same; and

if the lengths of the TTIs are not an exact divider of 14, at least two TTIs in the
subframe are arranged to overlap each other, or some OFDM symbols in the subframe
are not assigned to the TTls.

35. The wireless communication method according to 31, wherein

If the subframe is a special or partial subframe, n bits of the bitmap are applied
to indicate the candidate TTI(s), and n depends on the number of TTls in the special or
partial subframe.

36. A wireless communication method performed by a user equipment (UE)
comprising:

receiving a bitmap indicating candidate transmission time interval(s) (TTI(s)) for
a physical channel in a subframe in the radio resource control (RRC) or medium
access control (MAC) layer;

determining the candidate TTI(s) based on the bitmap; and

receiving the physical channel in one or more of the candidate TTI(s) by blindly
decoding the candidate TTI(s),

wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

37. The wireless communication method according to 36, wherein

the lengths of the TTls in the subframe are user equipment (UE)-specific.
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38. The wireless communication method according to 37, wherein

the lengths of the TTls in the subframe depend on UE’s coverage situation.

39. The wireless communication method according to 36, wherein

the lengths of the TTls in the subframe are all the same; and

if the lengths of the TTIs are not an exact divider of 14, at least two TTIs in the
subframe are arranged to overlap each other, or some OFDM symbols in the subframe
are not assigned to the TTls.

40. The wireless communication method according to 36, wherein

If the subframe is a special or partial subframe, n bits of the bitmap are applied
to indicate the candidate TTI(s), and n depends on the number of TTls in the special or

partial subframe.

In addition, embodiments of the present disclosure can also provide an integrated
circuit which comprises module(s) for performing the step(s) in the above respective
communication methods. Further, embodiments of the present can also provide a
computer readable storage medium having stored thereon a computer program
containing a program code which, when executed on a computing device, performs the

step(s) of the above respective communication methods.
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CLAIMS

1. A user equipment (UE) comprising:

circuitry operative to determine valid transmission time interval(s) (TTI(s)) for a
physical channel in a subframe based on the resource element (RE) number of each
TTl in the subframe; and

a receiver operative to receive the physical channel in one or more of the valid
TTI(s) by blindly decoding part or all of the valid TTI(s),

wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

2. The user equipment according to claim 1, wherein

the receiver is further operative to receive a bitmap in the radio resource control
(RRC) or medium access control (MAC) layer indicating candidate TTI(s) for the
physical channel among the valid TTI(s), wherein the size of the bitmap is equal to the
number of the valid TTI(s) in the subframe or the largest one of the numbers of valid
TTI(s) in respective subframes available to the UE; and

the one or more of the valid TTI(s) for transmitting the physical channel is among
the candidate TTI(s), and the receiver is operative to blindly decode the candidate
TTI(s) when receiving the physical channel.

3. The user equipment according to claim 2, wherein

the same bitmap is used for different types of subframes, and

the size of the bitmap is equal to the largest one of the numbers of valid TTI(s) in
respective subframes available to the UE.

4. The user equipment according to claim 1, wherein

the receiver is operative to blindly decode all the valid TTI(s) when receiving the
physical channel.

5. The user equipment according to claim 1, wherein

the circuitry is further operative to determine that a set of TTIs in the subframe

are valid TTls if the total RE number of the set of TTls is enough to transmit the
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physical channel in the case that the RE number of each individual TTI of the set of
TTls is not enough to transmit the physical channel, wherein the set of TTls in
combination are used to transmit the physical channel.

6. An eNode B (eNB) comprising:

circuitry operative to determine valid transmission time interval(s) (TTI(s)) for a
physical channel in a subframe based on the resource element (RE) number of each
TTl in the subframe; and

a transmitter operative to transmit the physical channel in one or more of the
valid TTI(s) to a user equipment (UE),

wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

7. The eNode B according to claim 6, wherein

the transmitter is further operative to transmit a bitmap in the radio resource
control (RRC) or medium access control (MAC) layer indicating candidate TTI(s) for the
physical channel among the valid TTI(s) to the UE, wherein the size of the bitmap is
equal to the number of the valid TTI(s) in the subframe or the largest one of the
numbers of valid TTI(s) in respective subframes available to the UE, and

the one or more of the valid TTI(s) for transmitting the physical channel is among
the candidate TTI(s).

8. An eNode B (eNB) comprising:

circuitry operative to generate a bitmap indicating candidate transmission time
interval(s) (TTI(s)) for a physical channel in a subframe; and

a transmitter operative to transmit the bitmap in the radio resource control (RRC)
or medium access control (MAC) layer, and transmit the physical channel in one or
more of the candidate TTI(s),

wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

9. The eNode B according to claim 8, wherein

the lengths of the TTls in the subframe are user equipment (UE)-specific.
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10. The eNode B according to claim 9, wherein

the lengths of the TTls in the subframe depend on UE’s coverage situation.

11. The eNode B according to claim 8, wherein

the lengths of the TTls in the subframe are all the same; and

if the lengths of the TTIs are not an exact divider of 14, at least two TTIs in the
subframe are arranged to overlap each other, or some OFDM symbols in the subframe
are not assigned to the TTls.

12. The eNode B according to claim 8, wherein

If the subframe is a special or partial subframe, n bits of the bitmap are applied
to indicate the candidate TTI(s), and n depends on the number of TTls in the special or
partial subframe.

13. A user equipment (UE) comprising:

a receiver operative to receive a bitmap indicating candidate transmission time
interval(s) (TTI(s)) for a physical channel in a subframe in the radio resource control
(RRC) or medium access control (MAC) layer; and

circuitry operative to determine the candidate TTI(s) based on the bitmap,

wherein the receiver is also operative to receive the physical channel in one or
more of the candidate TTI(s) by blindly decoding the candidate TTI(s), and

each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

14. A wireless communication method performed by a user equipment (UE)
comprising:

determining valid transmission time interval(s) (TTI(s)) for a physical channel in
a subframe based on the resource element (RE) number of each TTI in the subframe;
and

receiving the physical channel in one or more of the valid TTI(s) by blindly
decoding part or all of the valid TTI(s),

wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.
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15. A wireless communication method performed by an eNode B (eNB),
comprising:

determining valid transmission time interval(s) (TTI(s)) for a physical channel in
a subframe based on the resource element (RE) number of each TTI in the subframe;
and

transmitting the physical channel in one or more of the valid TTI(s) to a user
equipment (UE),

wherein each TT| comprises 1-7 orthogonal frequency division multiplexing
(OFDM) symbols.

16. A wireless communication method performed by an eNode B (eNB)
comprising:

generating a bitmap indicating candidate transmission time interval(s) (TTI(s))
for a physical channel in a subframe;

transmitting the bitmap in the radio resource control (RRC) or medium access
control (MAC) layer;

transmitting the physical channel in one or more of the candidate TTI(s),

wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of
TTls in the subframe.

17. A wireless communication method performed by a user equipment (UE)
comprising:

receiving a bitmap indicating candidate transmission time interval(s) (TTI(s)) for
a physical channel in a subframe in the radio resource control (RRC) or medium
access control (MAC) layer;

determining the candidate TTI(s) based on the bitmap; and

receiving the physical channel in one or more of the candidate TTI(s) by blindly
decoding the candidate TTI(s),

wherein each TTI in the subframe comprises 1-7 orthogonal frequency division
multiplexing (OFDM) symbols, and the size of the bitmap depends on the lengths of

TTls in the subframe.



WO 2017/132823 PCT/CN2016/073158

Subframe Subtrame
TTI length " 1 . ‘ ;
& Pslot | 2%slot 1% slot - 2%slot
Ims=1subframe - -
(14 OFDM £ T
symbols) - ™
0. 5ms=1slot E—'": — - -
(7 OFDM B~ £ i -
~~ et = x k=
symbols) ™ “ =
frownf s pomnd [— bomerd bomerd e [—
¢y = s s b= = o s
4 or 3 OFDM b _ém* ”;‘E""‘ ; {E__,q {E..,q ;:EM i’“‘
symbols e X - = e o T %0
POFDMEicim e e I ad ol 1 5 ISR
symbol S N N £ o CN ] K] e ot )
Fig.1
= One subframe %
o
Shortened TTI Candidate to
(1 OFDM symbol) transmit EPDCCH

Fig.2

1/5



WO 2017/132823 PCT/CN2016/073158

/j?()
320
"y 310
301 o
A circuitry 313
ROM ~
307;-’“ 315
fransmitier RAM "J
317
Storage ”’J

Fig.3

400

401
generating a bitmap indicating candidate TTI(s) fora  |n/
physical channel in a subframe

;

transmitting the bitmap inn the RRC or MAC layer

,

transmitting the physical channel in one or more of the
candidate TTI(s)

402

403

Fig4d

2/5



WO 2017/132823 PCT/CN2016/073158

/j})@

NSZEO 510

501 CPU ~
) recetver 513
ROM ~

502 515
) circuitry RAM -~
517

Storage -~

Fig.5
600
" ; T u — 601
receiving a bitmap indicating candidate TTIs) fora
physical channel 1n a subframe in the RRC or MAC layer
é 602
determining the candidate TTI(s) based on the bitmap
- - $ . 603
receiving the physical channel in one or more of the |8/
candidate TTKs) by blindly decoding the candidate TTs)

Fig.6

3/5



WO 2017/132823 PCT/CN2016/073158

720
~ 710
701 CPU

~ circuitry 713
ROM ~

702 715
~ receiver RAM f’J
717

Storage K—J

Fig.7
1 2

8 9 10 11 12 13
b 5\\\\\
\\

&\
:‘\\\\

\\
‘\\\\

\\
\\\\\

\ -n

.

N

N

| CRS port § w PDCCH

o CRS port |
3/ DEERQ “’4RES

CSI-RS

4/5



WO 2017/132823 PCT/CN2016/073158

900

901
determining valid TTI(s) for a physical channel in a
subframe based on the RE number of each TTI in the
subframe

| 7

recetving the physical channel 11 one or more of the valid
TTI(s) by blindly decoding part or all of the valid TTl(s)

Fig.9

1000

1001

determining valid TTI(s) for a physical channel in a f\j

subframe based on the RE number of cach TTI i the
subframe

i 1602

transmitting the physical channel in one or more of the
valid TTi(s) to a UE

Fig. 10

5/5



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2016/073158

A.

CLASSIFICATION OF SUBJECT MATTER
HO4W 72/12(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W; HO4Q; HO4B; HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CPRSABS, CNKI, CNTXT, USTXT;VEN:OFDM, TTI, receive, physical, channel, transmit, valid, resource,

element,RE
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 101176277 A (SAMSUNG ELECTRONICS CO LTD) 07 May 2008 (2008-05-07) 1-17
description, page 8 line 14 to page 10 line 10
A US 2008080444 A1 (ANALOG DEVICES INC) 03 April 2008 (2008-04-03) 1-17
the whole document
A CN 101547518 A (SAMSUNG ELECTRONICS CO LTD) 30 September 2009 (2009-09-30) 1-17
the whole document
A CN 101039127 A (ALCATEL LUCENT) 19 September 2007 (2007-09-19) 1-17
the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

A

N

“B

“»

“p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

wp

“x

wy»

“ g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

20 September 2016 11 October 2016
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing TANG,Mingming

100088
China

Facsimile No. (86-10)62019451

Telephone No. (86-10)62411353

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2016/073158
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 101176277 A 07 May 2008 CN 101176277 B 14 November 2012
KR 20060117864 A 17 November 2006
KR 100933157 B1 21 December 2009
™ 1311412 B 21 June 2009
UsS 2008080444 Al WO 2008042153 05 June 2008
WO 2008042153 10 April 2008
CN 101547518 A
CN 101039127 A US 2007217328 Al 20 September 2007
WO 2007104687 Al 20 September 2007
EP 1835680 Al 19 September 2007

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

