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SCHEDULING INDICATION METHOD AND APPARATUS, AND STORAGE
MEDIUM

This application claims priority to Chinese Patent Application No. 201910718562.2 filed Aug. 5,

2019, the disclosure of which is incorporated herein by reference in its entirety.

FIELD

The present disclosure relates to wireless communication networks, for example, to a scheduling

indication method, a scheduling indication apparatus, and a storage medium.

BACKGROUND

In a multiple transport block (TB) scheduling scenario, since hybrid transport is supported, in a
case where lots of processes are scheduled, for supporting the highest flexibility, downlink control
information (DCI) overhead is significantly increased due to indications for process scheduling,

resulting in degrading of performance of physical downlink control channels (PDCCH).

SUMMARY

A scheduling indication method, a scheduling indication apparatus, and a storage medium are
provided according to the present disclosure to ensure that multiple TB scheduling would not

bring too much DCI overhead.

A scheduling indication method is provided according to embodiments of the present disclosure,

which includes:

scheduling multiple shared channels through a single physical downlink control channel 20
(PDCCH);

where, scheduling information is carried in the single PDCCH, and is used to indicate scheduling
for processes corresponding to the multiple shared channels, and the multiple shared channels
include a physical uplink shared channel (PUSCH) and/or a physical downlink shared channel
(PDSCH);

wherein the scheduling information comprises process identification information and new data

indication (NDI) information corresponding to processes;

wherein the process identification information is used to indicate index information of scheduled
processes, or is used to indicate a start position of indexes of scheduled processes and process

number information;



wherein the maximum number of processes scheduled through downlink control information
(DCD) is H, the scheduling information is X bits, and the scheduling information is used to

indicate an index M of scheduling state; and

wherein values of M are determined according to at least process identification information of

scheduled processes and NDI information corresponding to the scheduled processes.

A scheduling indication apparatus is provided according to embodiments of the present

application, which includes:
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a scheduling module configured to schedule multiple shared channels through a single physical

downlink control channel (PDCCH);

where, scheduling information is carried in the single PDCCH, and is used to indicate scheduling
for processes corresponding to the multiple shared channels, and the multiple shared channels
include a physical uplink shared channel (PUSCH) and/or a physical downlink shared channel
(PDSCH);

wherein the scheduling information comprises process identification information and new data

indication (NDI) information corresponding to processes;

wherein the process identification information is used to indicate index information of scheduled
processes, or is used to indicate a start position of indexes of scheduled processes and process

number information;

wherein the maximum number of processes scheduled through downlink control information
(DCD) is H, the scheduling information is X bits, and the scheduling information is used to

indicate an index M of scheduling state; and

wherein values of M are determined according to at least process identification information of

scheduled processes and NDI information corresponding to the scheduled processes.

A storage medium is provided according to embodiments of the present application, which stores
a computer program, and the computer program, when being executed by a processor, implements
the scheduling indication method according to any embodiment of the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flowchart of a scheduling indication method according to an embodiment of the

present disclosure;

FIG. 2 is a structural block diagram of a scheduling indication apparatus according to an

embodiment of the present disclosure; and

FIG. 3 is a schematic structural diagram of a device according to an embodiment of the present

disclosure.

DETAILED DESCRIPTION
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Embodiments of the present disclosure are described below in detail with reference to the

drawings.

Based on the phase of version Release-16, with respect to multiple TB scheduling in scheduling
enhancement in enhanced machine type communication (eMTC), hybrid transport and non-hybrid
transport are supported when multiple TB scheduling is supported. Based on the scheduling
enhancement, indications of process scheduling include information about process identifiers of
scheduled processes and new data indication (NDI) corresponding to the scheduled processes.
Since in the case of multiple TB scheduling, DCI overhead may be increased significantly due to
the process scheduling indications. In view of this, in the embodiments of the present disclosure,
reducing the DCI overhead as much as possible is implemented from three aspects: indications for

processes scheduling, modulation and coding scheme (MCS) domain compression, and
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resource allocation domain compression.

In an embodiment, by configuring scheduling information corresponding to the scheduling
indications of processes, the indications for process scheduling in the DCI is realized with a low

overhead.

FIG. 1 is a flowchart of a scheduling indication method according to an embodiment of the present
disclosure and this embodiment is applicable to a case where DCI size is reduced as much as
possible during multiple process scheduling. This embodiment may be implemented by a
transmitting end or a receiving end, where the transmitting end may be a base station or a user
equipment (UE), and the receiving end may also be a base station or a UE. In a case where the
transmitting end is a base station, the receiving end is a UE; in a case where the receiving end is
a UE, the transmitting end is a base station; in a case where the receiving end is a UE, the
transmitting end may also be a UE; in a case where the transmitting end is a base station, the
receiving end may also be a base station. In an embodiment, the scheduling indication method in
this embodiment may be applied to a machine type communication (MTC) system, or may be
applied to other systems, such as a new radio (NR), a narrow band internet of things (NB-1oT) or

the like.

As shown in FIG. 1, the method according to this embodiment includes:

S120: multiple shared channels are scheduled through a single physical downlink control channel
(PDCCH).

The scheduling information is carried in the single PDCCH, and is used to indicate scheduling
for processes corresponding to the multiple shared channels. The shared channels include a

physical uplink shared channel (PUSCH) and/or a physical downlink shared channel (PDSCH).

In an embodiment, in a case of a large number of processes, if a highest flexibility is supported,
the DCI size may be caused too large, which degrades the performance of PDCCH. In this
embodiment, on the premise of ensuring certain flexibility, the problem of too large DCI size
caused by multiple TB scheduling is avoided, thereby ensuring the performance of PDCCH. In
this embodiment, the DCI size is reduced as much as possible by configuring scheduling

information to ensure the performance of PDCCH.

In an embodiment, the scheduling information includes process identification information and
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new data indication (NDI) information corresponding to the processes. The process identification
information is used to indicate information about indexes of scheduled processes, or is used to
indicate information about a start position of indexes of scheduled processes and a number of
processes. The scheduling indication method configured in this embodiment is used in a case
where multiple shared channels is scheduled through one PDCCH and scheduling for multiple
processes is indicated by scheduling information. The solution in this embodiment is to directly
indicate the processes by indicating the scheduling of Y processes with X-bit scheduling
information, that is, the X-bit scheduling information may include process identification

information and NDI information corresponding to each scheduled process.

In an embodiment, in a case where a maximum number of processes scheduled through the
downlink control information (DCI) is H, the scheduling information is X-bit, and a scheduling

state index indicated by the scheduling information is M.

In an embodiment, the value of M is determined according to at least process identification
information of currently scheduled processes and NDI information corresponding to the currently

scheduled processes.

In an embodiment, when j processes are scheduled through a PDCCH, the characteristics of the

scheduling state index M satisfies the following conditions:

27t x 2

j-1
sz +X m+j—1 , or being shifted by A2+

m+1

being shifted by Al+

274 x

X m+j—2

-2 0
m+j—1 2 ++xm2 .
Where, M refers to a value indicated by a DCI process indication, j is the number of currently

scheduled processes, m is a process identifier of a process at a start position of processes, and the

. . . . . XX e X
NDI information corresponding to the j currently scheduled processes is ~ ">~ "*1>  >7mtj-1

andje{1,2,3..., H}.

In an embodiment, the value of M being determined according to at least process identification
information of currently scheduled processes and NDI information corresponding to the currently

scheduled processes, includes:

the value of M is increased in accordance with a number of scheduled processes increasing; or,

the value of M is increased in accordance with a start position of scheduled processes increasing.
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In an embodiment, the value of M being increased in accordance with the number of scheduled

processes increasing, satisfies:

j-1
2°+) 2(H+1-i)+a

i=1

277 et x

m+j—1

M =m*2’ +xm2j71 +Xx

m+1

where, j is the number of the currently scheduled processes, m is a process identifier of a process

at a start position of processes, and NDI information corresponding to j currently scheduled

X ,X e, X — _ e
processes is, 7m0 e, oy, OEmEHET

€{0,1}

KXo X, X . . :
, a is a start value of M, and a is an integer.

m+ls o m+j—2’xm+j—l
In an embodiment, in a case where the value of M is increased in accordance with the number of
scheduled processes increasing, the identifier assignment starts when the number of scheduled
processes is 1, that is, the minimum value of j is 1. Moreover, when the number of scheduled
processes is larger, the corresponding value of M is larger. For a same number of processes, the
start position of processes is larger, the corresponding value of M is larger. It is assumed that the
identifiers of all scheduled processes start from 0 to H-1, where H is the supported maximum
number of processes scheduled through DCI. In the DCI, if the number of currently scheduled
processes is j and the process identifier of a process at a start position of processes is m, the

scheduled process identifiers corresponding to the j scheduled processes are m, m+1, and ... m+j-

X . X e, X
1, and the corresponding NDI information is, ~ ™ "> >"m+ e (123, H}, where

—m<=H—7 X,,X,.05X, X . €10,1 . ,
O<=m<=H S o T =20 0, },alsthestartvalueofM, and a is an

integer.

In an embodiment, when the maximum number of processes scheduled through DCI is 8,

j€{1,2,3,45,6,7,8} O0<=m<=8—

. If the scheduled processes are consecutive, the

identifiers of the scheduled processes are m, m+1, and ... m+j-1. Accordingly, the process

information indicated in DCI and NDI information may be represented by the following formula:

M=m*2 +x,2" +x,, 22+t 204+ 2(9-i)+1

i=1
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and €{0.1y .

where

je{123,456,78 0<=m<=8-j

In an embodiment, in a case where process scheduling for two or more processes is supported,

2<=j<=H-m

In an embodiment, in order to distinguish between a hybrid transport state and a non-hybrid
transport state, the NDI information corresponding to each scheduled process is not completely

the same.

In an embodiment, when H=4, a value range of M is [a, a+51], and there are 52 states in total,

then 6 bits are required for indication.

In an embodiment, the value of M is described by taking H=8 as an example. Table 1 is a table
showing a relationship between the value of M and the value of j in which the value of M is

increased in accordance with the number of scheduled processes increasing, where a=1.

Table 1 Table of Relationship between the Value of M and the Value of j, in which the Value of

M is increased in accordance with the number of scheduled processes increasing

Value | Value of | Value of

of / m Iy Effect Remarks

When m=0, The values of M are taken

Assigning 16 states | @S 1 and 2, when m=7, the values of

of a single process

1 | O<=m<=7 1~16 . M are taken as 15 and 16,
" with identifiers as

1~16 if 1-bit NDI corresponding to 1
process has 2 values, then when m=0,
a number of the values of M is 2.

When m=0, the values of M are taken

as 17~20,
Assigning 28 states

of 2 consecutive | when m=6, the values of M are taken
processes with
identifiers as 17~44

2 | 0<=m<=6 17~44
as 41~44,

in this case, 2 processes correspond to
2-bit NDI, and a number of the values




of M corresponding to one m iS 4.

Assigning 48 states

When m=0, the values of M are taken

as 45~52,

when m=5, the values of M are taken

O<mm<=5 45-92 of 3 consecutlye
processes with | as 85~92,
identifiers as 45~92
in this case, 3 processes correspond to
3-bit NDI, and a number of the values
of M corresponding to one m is 8.
When m=0, the values of M are taken
as 93~108,
Assigning 80 states
of 4 consecutive | when m=4, the values of M are taken
0<=m<=4 93~172 | processes with
. . as 157~172,
identifiers as
93~172 in this case, 4 processes correspond to
4-bit NDI, and a number of the values
of M corresponding to one m is 16.
When m=0, the values of M are taken
as 173~204,
Assigning 128 states
of 5 consecutive | when m=3, the values of M are taken
0<=m<=3 | 173~300 | processes with
. . as 269~300,
identifiers as
173~300 in this case, 5 processes correspond to
5-bit NDI, and a number of the values
of M corresponding one m is 32.
When m=0, the values of M are taken
as 301~364,
Assigning 192 states
of 6 consecutive | when m=2, the values of M are taken
0<=m<=2 | 301~492 | processes with
. . as 461~492,
identifiers as
301~492 in this case, 6 processes correspond to
6-bit NDI, and a number of the values
of M corresponding one m is 64.
Assigning 256 states | When m=0, the values of M are taken
0<=m<=1 | 493~748 f 7 ti
m 0 consecu 1ye a3 493620,
processes with
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identifiers as

when m=1, the values of M are taken
493~748

as 621~748,

in this case, 7 processes correspond to
7-bit NDI, and a number of the values
of M corresponding to one m is 128.

o in this case, m can only be 0, and there
Assigning 256 states are 256 identifiers according to

of 8 consecutive | yifferent NDIs,
8 m=0 749~1004 | processes with |
identifiers as | 10 this case, 8 processes correspond to

7491004 8-bit NDI, and a number of the values
of M corresponding to one m is 256.

a is an integer and may be used as a preset value; a may also be canceled when the value of a is

0. As shown in Table 1, the value of M is increased in accordance with the number j of scheduled
processes increasing. For example, in a case of j/=1 and 0<=m<=7, the value of the scheduling
state index M is ranged from 1 to 16; for another example, in a case of j=2 and 0<=m<=6, the
value of the scheduling state index M is ranged from 17 to 44, others likewise, the value of M is
increased in accordance with the number j of scheduled processes increasing, and in a case of j=8

and m=0, the value of the scheduling state index M is ranged from 749 to 1004.

In an embodiment, the value of M being increased in accordance with a start position of scheduled

processes increasing, satisfies:

j-1 m—1 H—q

M=)2"+ 2" +x, 2" +x

m+1

274t x 2 +a

m+j-1
p=l1 q=0 r=1

where, j is the number of processes currently scheduled, m is a process identifier of a process at

a start position of processes, and NDI information corresponding to j currently scheduled

XX

processes is, e e je123., By, OEm<sHojl=j=Hm

b

X ,X

m?o m+l’.“’x xn1+j—le{071}

=27 , a is the start value of M, and a is an integer.
In an embodiment, in a case where the value of M is increased in accordance with increasing of
the start position of scheduled processes, all scheduled processes are assigned identifiers from 0

up to H, where H is the supported maximum number of processes scheduled in DCI. In a case

where start positions of the processes scheduled are the same, the number of scheduled processes

8
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is larger, and the value of M is larger. In DCI, if the number of currently scheduled processes is j
and a process identifier of a process at a start position of processes is m, the scheduled process

identifiers corresponding to the j scheduled processes are m, m+1, and ... mtj-1, and the

xm’xm+1’”.’x

corresponding NDI  information is, mej=b o je{1.23..., HY,
O<=m<=H-jl<=j<=H- m Xy X5 X 2 Xy € 10,1 , a is the start value of M, and

a 1s an integer.

-1 m—1 H-q

M= 2P+222r+xmzf” +x,,2 7+t x

m+j-1

\

2°+a

p= q=0 r=

In an embodiment, when the maximum number of processes of DCI scheduling is 8§,

J€11,2,3,4,5,6,7.8} , l<=m<=9- . If the scheduled processes are consecutive, the identifiers

of the scheduled processes are m, m+1, and ... m+j-1. Accordingly, the process information and

the NDI information indicated by DCI may be represented by the following formula:

Jj-1 m-18—q

M=2"+>>2+x,2"+x,,2 7+ +x,,,,2" +a
p=1 q=0 r=1
where, je {1,2,3,4,5,6,7,8}’ O<=m<=H-jl<=j<=H-m _and

xm’merl’.“’merj 29 m+/ IE{O 1}

In an embodiment, in a case where scheduling for two or more processes is supported,

2<=j<=H-m

In an embodiment, in order to distinguish a hybrid transport state from a non-hybrid transport

state, NDI information corresponding to the scheduled processes is not completely the same.

In an embodiment, the value of M is described by taking H=8 as an example. Table 2 is a table
showing a relationship between the value of M and the value of j in which the value of M is
increased in accordance with a start position of scheduled processes increasing according to an

embodiment of the present disclosure, in which a=1.

Table 2 Table of a Relationship between the value of M and the value of j, in which the value of
9



M is increased in accordance with the start position of scheduled processes increasing

Value Value Value of Effect Remarks
of m ofj M

Starting from process 0, | When j=1, the values of M
process 1 to process 8 | aretakenas 1 and 2,

0 0<=j<=8 1~510 . - -
ass1gn§d Wlth scheduling when j=8, the values of M
state identifiers as 1~510,
totaling 510 states are taken as 255~ 510
Starting from process 1, | When j=1, the values of M
process 1 to process 7 | aretakenas 511 and 512,

1 0<=j<=7 | 511~764 . - -
asmgr‘led ‘w1th scheduling when j=7, the values of M
state identifiers as 511~764,
totaling 254 states are taken as 637~764
Starting from process 2, | When j=1, the values of M
process 1 to process 6 | are taken as 765 and 766,

2 0<=j<=6 | 765~890 . : -
ass1gr.16d .w1th scheduling when j=6, the values of M
state identifiers as 765~890,
totaling 126 states are taken as 827~890
Starting from process 3, | When j=1, the values of M
process 1 to process 5 | are taken as 891 and 892,

3 0<=j<=5 | 891~952 . - -
asmgr.led .w1th scheduling when j=5, the values of M
state identifiers as 891~952,
totaling 62 states are taken as 921~952
Starting from process 4, | When j=1, the values of M
process 1 to process 4 | are taken as 953~954,

4 0<=j<=4 | 953~982 . - -
ass1gr.16d .w1th scheduling when j=4, the values of M
state identifiers as 953~982,
totaling 30 states are taken as 967~982
Starting from process 5, | When j=1, the values of M
process 1 to process 3 | are taken as 983 and 984,

5 0<=j<=3 | 983~996

assigned with scheduling
state identifiers as 983~996,
totaling 14 states

when j=3, the values of M
are taken as 989~996

10
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Starting from process 6, | When j=1, the values of M

6 997~1002 process 1 to process 2 | are taken as 997 and 998,

O<=j<=2 assigned with scheduling

state identifiers as
997~1002, totaling 6 states | are taken as 999~1002

when j=2, the values of M

Scheduling  process 7, | M has 2 states according to
7 1003~1004 totaling 2 states NDI value,

J=1 the 2 states of M are
assigned with identifiers as

1003 and 1004

In an embodiment, different process numbers correspond to different NDI bit numbers, that is,
for the same start position, numbers of the values of M corresponding to different j are different.

a may be used as a preset value, or may be canceled when the value of a is 0.

In an embodiment, the relationship between the scheduling state index and the number of
scheduled processes or a start position of scheduled processes is described by using the calculation
formula of the value of M, by way of example through Table 1 and Table 2, which is relatively
simple and does not require a list. In addition, according to the method indicated by the formula,
for a mode A of the MTC, the overhead is 10 bits, occupying a small DCI overhead, and

guarantying a certain flexibility.

In an embodiment, in a case where the number of currently scheduled processes is x, 2"x*(9-x)
indicates the number of states of scheduling processes corresponding to the process number x, i.¢.,
9-x indicates the number of positions for scheduling x processes consecutively. For example,
when x=8, 8 processes are scheduled, then there is only one consecutive position. According to

8
D 2" %(9-x)=1004
the formular *=! , it can be obtained that, in a case of x=8, it requires 10 bits for

indication. Each process corresponds to 1-bit NDI information; and thus x processes correspond
to 2”x states. For example, 8 processes have been assigned with process identifiers as 0, 1, 2, 3,
4,5, 6, and 7, respectively. In a case of scheduling for 8 processes (01234567), there are 256
states; in a case of scheduling for 7 processes (for example, 0123456 and 1234567), there are
2*128 states, i.e., 256 states; in a case of scheduling for 6 processes (for example, 012345, 123456,
234567), there are 3*64 states, i.e., 192 states; in a case of scheduling for 5 process (for example,
01234, 12345, 23456, 34567), there are 4*32 states, i.e., 128 states; in a case of scheduling for 4
processes (for example, 0123, 1234, 2345, 3456, 4567), there are 5*16 states, i.e., 80 states; in a

11
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case of scheduling for 3 processes (for example, 012, 123, 234, 345, 456, 567), there are 6*8
states, i.e., 48 states; in a case of scheduling for 2 processes (for example, 01, 12, 23, 34, 45, 56,
67), there are 7*4 states, i.e., 28 states; in a case of scheduling for a single process (for example,
0,1,2,3,4,5,6,7), there are 8*2 states, totaling 16 states. In above, there are 1004 states in total,

and 10 bits can be used to realize indication therefor.

In an embodiment, in a case where the maximum number H of processes scheduled through DCI
is 4, 5 bits may be used for indication directly. The scheduling information is used to indicate the
scheduling states of processes with the process numbers as the power of 2, that is, scheduling for
processes with the process numbers as 1, 2, or 4. In a case where the maximum number H of
processes scheduled through DCI is 4, and scheduling information X is 5 bits, the scheduling state

includes one of the following: in a case where the number of currently scheduled processes is 4,
. . . XoX, XX .
the number of the scheduling state includes sixteen ; in a case where the number of the

currently scheduled processes is 2, the number of the scheduling state includes four Yo% and

Xa Xy . .
four “273 ; in a case where the number of the currently scheduled processes is 1, the number of

. . X X X X X, X, Xx
the scheduling state includes two ~ 0, two !, two "2 and two 3, where ~ 0, "1 72
X . . . . .
and 73 respectively correspond to NDI information corresponding to a processes with a process
identifier 0, NDI information corresponding to a processes with a process identifier 1, NDI

information corresponding to a processes with a process identifier 2 and NDI information

x X,

. . . . X X,
corresponding to a processes with a process identifier 3, and each of ~°, "1, “2 and

€{0,1} . In a case where the identifiers of 4 processes is 0, 1, 2, and 3, then when 4 processes are

scheduled, the scheduled processes are 0123, and the scheduling states include: process 0 (NDI=xo)
process 1 (NDI= x1) process 2 (NDI= x2) process 3 (NDI= x3), where NDI information of each
process includes two states of 1 and 0, thus, the 16 states corresponding to the scheduled processes
0123 are respectively 0000, 0001, 0010, 0100, 1000, 0011, 0101, 1001, 1010, 1100, 0110, 0111,
1110,1011, 1101 and 1111. Accordingly, when 2 processes are scheduled, the scheduled processes
may be 01 and 23, totaling 2*4 states, that is, process 0 (NDI=xo) process 1 (NDI=x1), process 2
(NDI=x2) process 3 (NDI=x3); when 1 process is scheduled, the scheduled process may be 0, 1, 2
and 3, totaling 4*2 states, that is, process 0 (NDI=xo), process 1 (NDI=x1), process 2 (NDI=x2),
process 3 (NDI=x3). Based from which, there are 32 states obtained in total, thus it requires 5 bits

for indication. It can be known that, in this embodiment, for 4 processes of coverage enhanced

12
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(CE) Mode B, the DCI size occupied is the smallest.

In an embodiment, in a case where the maximum number H of processes scheduled through DCI
is 4, 6 bits may be used for indication directly. The scheduling information is used to indicate
process scheduling through DCI for scheduling processes with any process number, that is,
scheduling for processes with process numbers as 1, 2, 3 and 4. Moreover, process identifiers of
processes with a process number being multiple are consecutive. In a case where the maximum
number H of processes scheduled through DCI is 4, and scheduling information X is 6 bits, the

scheduling state includes one of the following: in a case where the number of currently scheduled

. . . . XX, X, X, .
processes is 4, the number of the scheduling state includes sixteen ~°717273; in a case where

the number of the currently scheduled processes is 3, the number of the scheduling state includes

. X, X, X . X X, X .
eight “07172 and eight “17273; in a case where the number of the currently scheduled

. . . X X X, X X, X
processes is 2, the number of the scheduling state includes four ~°™!, four 172, four “273

X, X XX Xn Xy .
four “173 four "073 and four 972 in a case where the number of the currently scheduled

. . . X X X
processes is 1, the number of the scheduling state includes two 0 two "1, two "2 andtwo

X, X

X. X X . . . .
3, where , "2 and "3 respectively correspond to NDI information corresponding

to a process with a process identifier 0, NDI information corresponding to a process with a process

identifier 1, NDI information corresponding to a process with a process identifier 2 and NDI
: . . : o Xo X X,
information corresponding to a process with a process identifier 3, and eachof ~°, "1, and

% €{0,1} . In a case where the identifiers of 4 processes is 0, 1, 2, and 3, and when 4 processes
are scheduled, the scheduled processes are 0123, and the scheduling states include: process 0
(NDI=x0) process 1 (NDI= x1) process 2 (NDI=x2) process 3 (NDI=x3); when 3 processes are
scheduled, the scheduled processes may be 012 and 123, and the scheduling states include:
process 0 (NDI=xo) process 1 (NDI=x1) process 2 (NDI=x2), process 1 (NDI=x1) process 2
(NDI=x2) process 3 (NDI=x3); when 2 processes are scheduled, the scheduled processes may be
01 and 23, totaling 2*4 states, that is, process 0 (NDI=xo) process 1 (NDI=x1), process 2 (NDI=x2)
process 3 (NDI=x3); when 1 process is scheduled, the scheduled process may be 0, 1, 2 and 3,
totaling 4*2 states, that is, process 0 (NDI=xo), process 1 (NDI=x1), process 2 (NDI=x2), process
3 (NDI=x3). Based from which, 64 states may be obtained in total; and thus, it requires 6 bits for
indication. It can be known that, in the method according to this embodiment, the overhead
occupied is 6 bits which is a small overhead, and in the solutions using 6 bits for indication, the
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method in this embodiment achieves the highest flexibility.

In an embodiment, the scheduling information includes information for indicating scheduling for
a single process or multiple processes, process identification information, and NDI information
corresponding to processes. The process identification information is used to indicate index
information of scheduled processes, or a start position of indexes of scheduled processes and
process number information. The scheduling indication method configured in this embodiment
can be applied in a case where multiple shared channels is scheduled through one PDCCH, and
the scheduling for multiple processes are indicated by indication information. The solution in this
embodiment uses X bits to indicate scheduling for Y processes, and the X-bit scheduling
information may include 1 bit indication information for indicating scheduling for a single process

or for multiple processes.

In an embodiment, for scheduling 4 processes, when 1 bit indicates scheduling for a single TB,
the process scheduling corresponds to 8 states, that is, each of the cases of NDI=1 and NDI=0
corresponds to 4 states. For scheduling 8 processes, when 1 bit indicates scheduling for a single
TB, the process scheduling corresponds to 16 states, that is, each of the cases of NDI=1 and
NDI=0 corresponds to § states.

In an embodiment, the scheduling information includes 1 bit information for indicating
scheduling for a single process or for multiple processes. In a case where the 1 bit information in
the scheduling information indicates a scheduling for multiple processes, j bits in X-1 bits are
used to indicate NDI information of j processes, and X-1-j bits in the X-1 bits are used to indicate
process identification information. The process identification information is used to indicate
index information of scheduled processes, or a start position of indexes of scheduled processes
and process number information. The bit values of the X-1-j bits are all the same, or only one bit

in the X-1-/ bits has a different bit value.

In an embodiment, in a case where X=10 and Y=8, 1 bit in the 10 bits is used to indicate
scheduling for multiple processes, j bits in 9 bits are used to indicate NDI information of j
processes, and 9-j bits are used to indicate process identification information. The process
identification information is used to indicate index information of the scheduled processes, or a
start position of indexes of scheduled processes and process number information. The bit values

of the 9-j bits are all the same, or only one bit therein has a different bit value.

In an embodiment, in a case where X=10, the scheduling state indicated includes one of the
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following.

In a case where the number of currently scheduled processes is 8, 1 bit, for process identification

information, in the 9 bits is indicated as x, and 8bits for NDI correspond to 8 processes, the 8

XX, X, X3 X, X5 X X,

processes include: ; in a case where the number of currently scheduled processes

is 7, 2 bits, for process identification information, in the 9 bits are indicated as ~x, x, and 7bits for

XX XXX, XX 1 KX XX XXXy

NDI correspond to 7 processes, the 7 processes include: ina

case where the number of currently scheduled processes is 6, 3 bits, for process identification

information, in the 9 bits are indicated as ~x, ~x, x, and 6bits for NDI correspond to 6 processes,

XX XXX, Xs XXX XX 1 Xy XX Xs XXy

the 6 processes include ; in a case where the number

of currently scheduled processes is 5, 4 bits, for process identification information, in the 9 bits

are indicated as ~x, ~X, ~X, X, and 5bits for NDI correspond to 5 processes, the 5 processes include:

XgX XXX, X XpXaX, X5 XoXoX,XsXy XX XXXy | .
02T TS et te | TaTanst6TT o i a case where the number of currently

scheduled processes is 4, 5 bits, for process identification information, in the 9 bits are indicated

as ~X, ~X, ~X, ~X, X, and 4bits for NDI correspond to 4 processes, the 4 processes include:

X X5 XXy

XXX Xy XXpXyXy | XpXyXuXs  XiX,XsXg oo

in a case where the number of currently

scheduled processes is 3, 6 bits, for process identification information, in the 9 bits are indicated

as ~x, ~X, ~X, ~X, ~X, X, and 3bits for NDI correspond to 3 processes, the 3 processes include:

XXX, XXXy XpXyX,  X3X,X5 XXX, XXXy
02 T s TS | aTsTe or 57677 1 in a case where the number of currently

scheduled processes is 2, 7 bits, for process identification information, in the 9 bits are indicated
as ~X, ~X, ~X, ~X, ~X, ~X, X, OF ~X, ~X, ~X, ~X, ~X, ~X, ~X, and 2bits for NDI correspond to 2

XXy | XXy XXy XXy XgXs XX

. X X
processes, the 2 processes include: , or 67 where x

€{0,1}

. X5 Xps Xy s Xys Xy, Xy Xgy X
~x denotes a negative x, ~02717727273274> 756077

respectively correspond to NDI
information corresponding to a process with a process identifier 0, NDI information
corresponding to a process with a process identifier 1, NDI information corresponding to a
process with a process identifier 2, NDI information corresponding to a process with a process
identifier 3, NDI information corresponding to a process with a process identifier 4, NDI
information corresponding to a process with a process identifier 5, NDI information

corresponding to a process with a process identifier 6, NDI information corresponding to a

. . . Xy Xis Xy Xgs X0 Xs, X, X, €40,1
process with a process identifier 7, and each of ~0°71>72>7324225> %6277 0, }.

15



10

15

For example, taking X=10 and Y=8 as an example, j bits in X-1 bits being used to indicate NDI
information of the j processes and X-1-j bits being used to indicate process identification
information are described. Bit values in the process identification information in this embodiment
may be completely the same, or only one therein may have a different bit value. Table 3 is a table
of relationship between a DCI bit index and the number of hybrid automatic repeat request

(HARQ) processes according to embodiments of the present disclosure.

Table 3 Table of Relationship between DCI bit index and the number of HARQ Processes

DCI bit index
The number #0 #1 #2 #3 #4 #5 #6 #7 #38
of HARQ processes
8 HARQ processeS I [N@O)| N) |N@2)|N@B)|NH4|N(®B)|N(@®6)| N

7 HARQ processes 0 | 1 | NO) |N®)|NQ)|[NQ3)|N®@) |NG) | N©)

6 HARQ processes 0 0 1 N(0) | N(1) | N(2) | N(3) | N(4) | N(5)
5 HARQ processes 0 0 0 1 | N@) | N(1) | N2) | N(3) | N(4)
4 HARQ processes 0 0 0 0 I | N@) | N(I) | N(2) | N(3)
3 HARQ processes 0 0 0 0 0 1 | N@O) | N(1) | N(2)
2 HARQ processes 0 0 0 0 0 0 1 | N(@) | N(1)
2 HARQ processes 0 0 0 0 0 0 0 | N(6) | N(7)

As shown in Table 3, when j is 8, 8 bits in X-1=9 bits are used to indicate NDI information of 8
processes, and X-1-j=1 bit in X-1=9 bits is used to indicate process identification information,
where, a bit value of the process identification information is 1; when j is 7, 7 bits in X-1=9 bits
are used to indicate NDI information of 7 processes, and X-1-j=2 bits in X-1=9 bits are used to
indicate process identification information, where, bit values of the process identification
information are 0 and 1 respectively, and only one bit therein has a different bit value; when j is
6, 6 bits in X-1=9 bits are used to indicate NDI information of 6 processes, and X-1-j=3 bits in

X-1=9 bits are used to indicate process identification information, where, bit values of the process
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identification information are 0, 0 and 1 respectively, and only one bit therein has a different bit
value; likewise, when j is 2, 2 bits in X-1=9 bits are used to indicate NDI information of 2
processes, and X-1-j=7 bits in X-1=9 bits are used to indicate process identification information,
where, bit values of the process identification information are 0, 0, 0, 0, 0, 0 and 1 respectively or
0,0, 0, 0,0, 0 and 0 respectively, that is, only one bit therein has a different bit value or all bits
have the same bit value. In cases where the number of the scheduled processes is less than 8, that
is, the number of the scheduled processes is 1, 2, 3, 4, 5, 6, and 7, process identifiers of scheduled
processes are not limited as shown in Table 3. For example, in a case where the number of the
scheduled processes is 7, NDI information in table 3 represents NDI information corresponding
to processes with process identifiers 0123456, and it may also be NDI information corresponding
to processes with process identifiers 1234567. For scheduling of 8 processes, the method of using
7 bits in X-1 bit to indicate NDI information of j processes is adopted to indicate scheduling for
multiple processes, the structure is simple and the flexibility is acceptable, and compared with the
bitmap method of 6 bits or the joint indication method of 13 bits, the DCI overhead occupied is

also small.

In an embodiment, in a case where the maximum number of processes scheduled through DCI is
4, the scheduling information X is 6 bits, where 5 bits in the 6 bits are used to indicate process
identification information of multiple process scheduling and NDI information corresponding to

processes, and the scheduling state indicated by the 5 bits includes at least one of the following.

In a case where the number of currently scheduled processes is 4, 1 bit, for process identification

information, in the 5 bits is indicated as x, 4bits for NDI correspond to 4 processes, the 4 processes

include x0x1x2x3; in a case where, the number of currently scheduled processes is 3, 2 bits, for

process identification information, in the 5 bits are indicated as ~x, x, 3bits for NDI correspond

XoX1 X, X XpXs

to 3 processes, the 3 processes include or ; in a case where, the number of

currently scheduled processes is 2, 3 bits, for process identification information, in the 5 bits are

indicated as ~x, ~x ~x or ~x, ~x, x, 2bits for NDI correspond to 2 processes, the 2 processes include

X, Xl X

X, X, XX . X )
071 2 ; where, ~x denotes negative x, and , , "Zand 3 respectively

or 2%
correspond to NDI information corresponding to a process with a process identifier 0, NDI
information corresponding to a process with a process identifier 1, NDI information

corresponding to a process with a process identifier 2 and NDI information corresponding to a

. . . X, X
process with a process identifier 3, and each of Yo , 1 T2and Y € {O’ 1} )
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For example, taking X=6 and Y=4 as an example, j bits in X-1 bits being used to indicate NDI
information of j processes and X-1-j bits being used to indicate process identification information
are described. All the X-1-j bits may have the same bit value completely, or only one bit therein
has a different bit value. Table 4 is a table of another relationship between the DCI bit index and

the number of HARQ processes according to an embodiment of the present disclosure.

Table 4 Table of another relationship between DCI bit index and number of HARQ processes

according to an embodiment of the present disclosure

DCI bit index
#0 #1 #2 #3 #4
Number of HARQ Processes
4 HARQ processes 1 N(0) N(1) N(2) NQ@3)
3 HARQ processes 0 1 N(0) N(1) N(?2)
2 HARQ processes 0 0 1 N(0) N(1)
2 HARQ processes 0 0 0 N(2) NQ@3)

As shown in Table 4, when j is 4, 4 bits in X-1=5 bits are used to indicate NDI information of 4
processes, and X-1-j=1 bit in the X-1=5 bits is used to indicate process identification information,
where, the bit value of the process identification information is 1; when j is 3, 3 bits in X-1=5 bits
are used to indicate NDI information of 3 processes, and X-1-j=2 bits in the X-1=5 bits are used
to indicate process identification information, where, bit values of the process identification
information are 0 and 1 respectively, and only one bit therein has a different bit value; when j is
2, 2 bits in X-1=5 bits are used to indicate NDI information of 2 processes, and X-1-j=3 bits in
X-1=5 bits are used to indicate process identification information, where, bit values of the process
identification information are 0, 0 and 1 respectively, and only one bit therein has a different bit
value; when j is 2, 2 bits in X-1=5 bits are used to indicate NDI information of 2 processes, and
X-1-=3 bits in X-1=5 bits are used to indicate process identification information, where, bit
values of the process identification information are 0, 0, 0, respectively, that is, only one bit therein
has a different bit value or all bits have the same bit value. In cases where the number of the
scheduled processes is less than 4, that is, the number of the scheduled processes is 1, 2, 3, and 4,

process identifiers of scheduled processes are not limited as shown in Table 4. For example, in a
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case where the number of the scheduled processes is 3, NDI information in table 4 represents NDI
information corresponding to processes with process identifiers 012, and it may also be NDI
information corresponding to processes with process identifiers 123. For 4 processes, this method,
compared with the joint indication scheme of 7 bits, has 1 bit saved, and ensures single process
scheduling. In addition, for multiple process scheduling, the description of table 4 has a clear

structure, and also ensures a certain flexibility.

In an embodiment, when the scheduling information indicates scheduling for multiple processes,
the scheduling information further includes information used to indicate scheduling for a hybrid
transport or for a non-hybrid transport; or, the scheduling information further includes process
number identification information, where the process number identification information is used
to indicate that the number of currently scheduled processes is greater than a threshold z or the
number of currently scheduled processes is less than or equal to the threshold z. For example, in
a case of X=11 and Y=8, where 1 bit is for a method indication, that is, in the case of scheduling
for multiple TBs, 1 bit in the 11 bits for scheduling information is used to indicate scheduling for
a hybrid transport and a non-hybrid transport; when it is indicated as a scheduling for a non-hybrid
transport, the form of a bitmap may be used to indicate the scheduling of 8 processes; when it is
indicated as a scheduling for a hybrid transport, 9 bits may be used to represent multiple processes,
for the form of using 9 bits to represent multiple processes, reference may be made to the
description in table 3, which is not repeated here. However, NDI information corresponding to
multiple processes transmitted in a hybrid manner is not completely the same. In an embodiment,
1 bit in the X=11 bits for scheduling information is for a method indication, that is, in a case of
scheduling for multiple TBs, 1 bit in the X=11 bits for scheduling information is used to indicate
that the number of scheduled processes is greater than a threshold z or the number of scheduled
processes is less than or equal to the threshold z. For example, in a case of the threshold z=4, 1
bit in the 11 bits for scheduling information is used to indicate scheduling for 2 to 4 process or
for 5 to 8 processes. When scheduling for multiple TBs is supported, 1 bit in the scheduling
information is used to distinguish a hybrid transport from a non-hybrid transport, which realizes
dynamically enabling hybrid transport and non-hybrid transport. Or, in a case where scheduling
for multiple TBs is supported, 1 bit in the scheduling information is used to distinguish whether
or not the number of scheduled processes is greater than 4, which facilitates ensuring the fairness

between services with a small amount of data and a large amount of data.

In an embodiment, in a case where X=10 and Y=8, 1 bit in the X=10 bits for scheduling

information can be used to indicate scheduling for multiple processes, and then a relational
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expression between the value of M and the number j of the currently scheduled processes in the
above embodiments can be used to express the 10 bits for scheduling information. The solution
in this embodiment is used to indicate a case in which the number of scheduled processes is
greater than or equal to 2. Using the relational expression between the value of M and the number
j of the currently scheduled processes in the above embodiments to indicate the scheduling for

multiple processes realizes the description without using a list, which is simple.

In an embodiment, 1 bit in the scheduling information is used to distinguish scheduling for a
single process from scheduling for multiple processes, which is beneficial for supporting the

scheduling for a single process while supporting the scheduling for multiple processes.

In an embodiment, scheduling information includes process number identification information,
process identification information, and NDI information corresponding to processes, where the
process number identification information is used to indicate that the number of currently
scheduled processes is greater than a threshold z or the number of currently scheduled processes
is less than or equal to the threshold z, and the process identification information is used to
indicate index information of scheduled processes, or a start position of indexes of scheduled
processes and process number information. The scheduling indication method configured in this
embodiment can be used in a case where multiple shared channels is scheduled through one
PDCCH, and the scheduling of the multiple processes is indicated by scheduling information. In
the solution in this embodiment, X-bits for scheduling information is used to indicate scheduling
of Y processes. The X-bit scheduling information may include: 1 bit for indicating whether the
scheduled process is 1 to Z processes or z+1 to Y processes. Using the 1 bit in the scheduling
information to distinguish between process numbers is beneficial for ensuring fairness between

services of different amounts of data during data transport.

In an embodiment, the scheduling information includes process number identification information.
In a case where the process number identification information indicates that the number of
currently scheduled processes is greater than a threshold z, identifiers of the scheduled processes
in scheduling information are consecutive. For example, in a case of z=4, Y=8, where the process
number identifier indicates that the number of currently scheduled processes is greater than 4,
identifiers of the scheduled processes in the scheduling information are consecutive. For example,
the identifiers of the scheduled processes may be 0123, and may also be 4567. Apparently, this is

not limited, as long as the identifiers of the scheduled processes are consecutive.

In an embodiment, in a case where scheduling information includes process number identification
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information and the process number identification information indicates that the number of
currently scheduled processes is greater than a threshold z, identifiers of the scheduled processes

in the scheduling information are consecutive, and the scheduling information further includes:

In X-1 bits, j bits used to indicate NDI information of j processes, and X-1-; bits used to indicate
process identification information. All of the X-1-; bits have the same bit value, or only one bit

therein has a different bit value.

In an embodiment, in a case where the maximum number of scheduled processes is 8 and the

scheduling information X is 10 bits, the scheduling state indicated includes one of the following.

In a case where the number of currently scheduled processes is 8, 8bits for NDI correspond to 8

XX, X, X3 X, X5 X X,

processes, the 8 processes include: ; in a case where the number of the currently

scheduled processes is 7, 7bits for NDI correspond to 7 processes, the 7 processes include:

XX, Xy XX, XX XX, X3 X, X XXy
023456 or 1727376 - in a case where the number of the currently scheduled

. . : XX, X, X5 X, X,
processes is 6, 6bits for NDI correspond to 6 processes, the 6 processes include: 07172737475

XX, X5 X, X5 X X)Xy X, X5 X X

or ; in a case where the number of the currently scheduled processes

. . . X X, XXX, XXX X, X
is 5, 5bits for NDI correspond to 5 processes, the 5 processes include: 7071727374 | 172737475

XXX XsXg o XXy XXX, Xos X5 Xy 5 X35 X5 X5, Xg 5 X

; where respectively corresponds to NDI

information corresponding to a process with a process identifier 0, NDI information
corresponding to a process with a process identifier 1, NDI information corresponding to a
process with a process identifier 2, NDI information corresponding to a process with a process
identifier 3, NDI information corresponding to a process with a process identifier 4, NDI
information corresponding to a process with a process identifier 5, NDI information

corresponding to a process with a process identifier 6, and NDI information corresponding to a
process with a process identifier 7, and each of X5 X5 X5 X35 Xy, X5, X, X; € {01} .

For example, taking X=10, Y=8 and z=4 as an example, j bits in X-1 bits being used to indicate
NDI information of j processes and X-1-j bits being used to indicate process identification
information are described. Bit values of the process identification information may be completely
the same, or only one bit may have a bit value different. Table 5 is a table of still another

relationship between the DCI bit index and the number of HARQ processes according to an
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embodiment of the present disclosure. Where, I bit is used to indicate that the number of currently
scheduled processes is greater than a threshold z, i.e., indicating process scheduling for 5-8

processes.

Table 5 Table of still another relationship between DCI bit index and number of HARQ processes

according to an embodiment of the present disclosure

DCI bit index HO |#1 [#2 | #3 |#4 |#5  |#6  |#7 | #8

Number o

HARQ processes

8 HARQ processes 1 |NO) |N(I) |N@) |N@B) |N@) |NG) |N@6) | N@7)
7 HARQ processes 0 |1 N(0) [N(1) |N@) |NG3) [N@) |N@G) | N(6)
6 HARQ processes 0 |0 1 N(0) | N(1) |N@Q) |N@) | N@) | N@5)
5 HARQ processes 0 |0 0 1 N(0) [N(1) | N@) |NG3) | N@)
5 HARQ processes 0 |0 0 0 NG3) [N@) | N(G5) |N@6) | N(7)

As shown in Table 5, in a case where the number of currently scheduled processes is 8, 8 bits in
10-1=9 bits are used to indicate NDI information of the 8 processes, and 10-1-8=1 bit is used to
indicate process identification information; in a case where the number of the currently scheduled
processes is 7, 7 bits in 10-1=9 bits are used to indicate NDI information of the 7 processes, and
10-1-7=2 bits are used to indicate process identification information; by analogy, in a case where
the number of the currently scheduled processes is 5, 5 bits in 10-1=9 bits are used to indicate
NDI information of the 5 processes, and 10-1-5=4 bits are used to indicate process identification
information; for example, the process identification information may be 0001 or 0000, that is, bit
values in the process identification information are all the same, or only one bit therein has a

different bit value.

In an embodiment, in a case where the maximum number of scheduled processes is 4, the
scheduling state corresponding to the scheduling information includes at least one of the

following.
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In a case where the number of currently scheduled processes is 4, the number of the scheduling
. . Xo X, XX .
state includes sixteen ; in a case where the number of the currently scheduled processes

. . . . XX, X . X, X, X. X
is 3, the number of the scheduling state includes eight 97172 and eight “17"273, where, "0,

X, X X . . . . .
I, 72 and "3 respectively correspond to NDI information corresponding to a process with a

process identifier 0, NDI information corresponding to a process with a process identifier 1, NDI

information corresponding to a process with a process identifier 2, NDI information

corresponding to a process with a process identifier 3, and ach of Yo , % , X2 and 3 € 0,1} .
In an embodiment, the scheduling information includes process number identification information.
In a case where the process number identification information indicates that the number of
currently scheduled processes is less than or equal to a threshold z, the process identification
information further includes information about process group of scheduled processes and process
identification information within a process group, where the process identification information
within the process group and the NDI information of the scheduled processes are jointly indicated

or separately indicated.

In an embodiment, in a case where the maximum number of scheduled processes is 8, z=4, and
X=10, 1 bit in scheduling information is used to indicate that information about process group of
scheduled processes is processes 0123 or processes 4567, 4 bits in the remaining 8 bits indicate
in a bitmap positions and number of 4 processes, and other 4 bits are used to indicate NDI of 4
processes; or in a case where the maximum number of scheduled processes is 8 and z=4, 2 bits in
the scheduling information are used to indicate information about process group of scheduled
processes is processes 0123, processes 2345, processes 4567, or processes 6710, and the
remaining 7 bits are used to jointly indicate process identification information within the process

group and the NDI information of the scheduled processes.

In an embodiment, in a case of Y=8, z=4 and X=10, 1 bit in the scheduling information indicates
scheduling for processes of 1 to 4 or scheduling for processes of 5 to 8. In a case where 1 bit in
the scheduling information indicates scheduling for processes of 1 to 4, a further 1 bit is used to
indicate scheduling for processes 0123 or for processes 4567, and 4 bits in remaining 8 bits
indicate in a bitmap manner positions and number of 4 processes, and other 4 bits are used to

indicate NDI information of the 4 processes.

Alternatively, in a case where the maximum number of scheduled processes is 8 and z=4, 2 bits
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in the scheduling information are used to indicate information of process group of scheduled
processes, that is, to indicate positions of selected 4 processes, for example, processes of 0123,
4567, 0167, or 2345, and then the remaining 7 bits are used to indicate hybrid transport of the 4
processes (including 50 hybrid transport states and 30 non-hybrid transport states). The 7 bits may
be used to indicate the process positions, process number of the 4 processes, and NDI information

corresponding to the processes in a joint indication manner.

In an embodiment, 1 bit in the scheduling information is used to indicate that the number of
currently scheduled processes is greater than a threshold z or the number of currently scheduled
processes is less than or equal to the threshold z. In a case where the maximum number of
scheduled processes is 4 and z=2, the scheduling state corresponding to the scheduling

information includes one of the following.

In a case where the number of the currently scheduled processes is 1, the number of the scheduling

. X X X X
state includes two ~ %, two ~1,two 2 andtwo 3.

In a case where the number of the currently scheduled processes is 2, the number of the scheduling

. X, X X, X X, X X, X X, X Xn X
state includes four ~ 07!, four "172 four “273, four T3, four "3 andfour T072.

In a case where the number of the currently scheduled processes is 4, the number of the scheduling

. . XX, X, X
state includes sixteen ~0717273

In a case where the number of the currently scheduled processes is 3, the number of the scheduling

XoXi X XpXs

state includes eight %2 or eight

x, X X X . . . :
Where, “°, "1, 72 and 73 respectively correspond to NDI information corresponding to a

process with a process identifier 0, NDI information corresponding to a process with a process

identifier 1, NDI information corresponding to a process with a process identifier 2 and NDI

. . . . . . X, X, X
information corresponding to a process with a process identifier 3, and each of ~ 0, "1 72

and 5 6{0,1}.

In an embodiment, in a case where Y=4, z=2, 1 bit in the scheduling information is used to

indicate scheduling for 1 to 2 processes, or scheduling for 3 to 4 processes. For example, in a case
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where X=6, Y=4 and z=2, 1 bit is used to distinguish between a scheduling for within 2 processes,
a scheduling for 3 processes and a scheduling for 4 processes. When it is indicated as a scheduling
for 3 processes and 4 processes, 5 bits are used for indication. When it is a scheduling for 4
processes (for example, 0123), the scheduling state includes 16 states; and when it is a scheduling
for 3 processes (for example, 012 and 123), the scheduling state includes 2*8=16 states. Therefore,
5 bits can be used to indicate. When it is indicated as a scheduling for 1 process and 2 processes,
the scheduling state for scheduling for a single process includes 8 scheduling states, and the
scheduling state for a scheduling for two processes (for example, 01, 23, 02, 13, 03 and 12)
includes 24 scheduling states, totaling 32 states. 5 bits may be used for indication in this case.
Using 1 bit for distinguishing can better ensure fairness between services with a small number of

processes and a large number of processes.

In an embodiment, the scheduling information includes information for indicating scheduling for
a hybrid transport or a non-hybrid transport, and process identification information, and NDI
information corresponding to processes, where the non-hybrid transport scheduling refers to that
scheduled processes correspond to same NDI information, the hybrid transport scheduling refers
to that scheduled processes correspond to not completely the same NDI information, and the
process identification information is used to indicate index information of scheduled processes,
or a start position of indexes of scheduled processes and process number information. The
scheduling indication method configured in this embodiment can be used in a case where multiple
shared channels is scheduled through one PDCCH and the scheduling for multiple processes are
indicated by scheduling information. In the solution according to this embodiment, X-bits are
used to indicate scheduling of Y processes. The X-bit scheduling information may include 1 bit
for indicating that the process scheduling method is of a non-hybrid transport scheduling or a

hybrid transport scheduling.

In an embodiment, in a case where the scheduling information is indicated as a non-hybrid
transport scheduling, process positions and process number are indicated in a form of bitmap, and
the scheduled processes correspond to the same NDI information, and the NDI information is

indicated by 1 bit.

In an embodiment, in a case where the scheduling information is indicated as a hybrid transport
scheduling, process identifiers of the scheduled processes in the scheduling information are

consecutive, and each scheduled process has a corresponding 1bit for NDI information.

In an embodiment, in a case where the maximum number of scheduled processes is 8, the
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scheduling information X is 10 bits; or, in a case where the maximum number of scheduled

processes is 4, the scheduling information is 6 bits.

In an embodiment, in a case where the maximum number of scheduled processes is 4, the
scheduling information is 6 bits. For example, in a case where X=6 and Y=4, when 4 processes
are scheduled, the processes are scheduled as 0123, the scheduling state includes 14 hybrid
transport states, for example, the NDI corresponding to the 14 hybrid transport states is indicated
as 0001, 0010, 0100, 1000, 0011, 0101, 1001, 1010, 1100, 0110, 0111, 1110, 1011 and 1101.
When 3 processes are scheduled, the processes are scheduled as 012 and 123, the hybrid transport
state includes 12 states, for example, each process correspondingly has 4 states of 001, 010, 100,
and 110. When 2 processes are scheduled, the processes are scheduled as 01, 12, and 23, the
hybrid transport state includes 6 states, that is, the total number of hybrid transport states is 32,
and the 32 states can be indicated by 5 bits.

In an embodiment, in a case where X=10 and Y=S8, the scheduling information X is 10 bits, and
the configuring method of table 6 or table 7 may be used for scheduling indication. Table 6 is a
table of another relationship between the DCI bit index and the number of HARQ processes
according to an embodiment of the present disclosure. Table 7 is a table of still another
relationship between the DCI bit index and the number of HARQ processes according to an

embodiment of the present disclosure.

Table 6 Table of another relationship between DCI bit index and number of HARQ processes

according to an embodiment of the present disclosure

DCI bit index | #0 | #1 #2 #3 #4 #5 #6 #7 #8
Number o

HARQ processes

8 HARQ processes 1 N@O) | N(1) | N@2) |NQB) |N@) |N(®B) [N@®) | N

7 HARQ processes | 0 1 N@O) [N(1) | N(2) [N@B) |N@) |N(@G5) | N6
6 HARQ processes (0 |0 1 N@O) |N(1) |N@2) |NB) N4 [N
5 HARQ processes | 0 0 0 1 N@O) | N(I) |N@2) [N@3) | N4
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4 HARQ processes | 0 0 0 0 1 N(@O) [N(1) | N2) |N@®B)

4 HARQ processes |0 | 0 0 0 0 N@) | N@G) | N@©) | N7)

Table 7 Table of still another relationship between DCI bit index and number of HARQ processes
according to an embodiment of the present disclosure

DCI bit index | #0 #1 #2 #3 #4 #5 #6 #7 #8
Numberof

HARQ process

8 HARQ processes |1 NO) |[N1) |N® |N3) |N@) |NG) [N@© N7

7 HARQ processes |0 1 NO) [N(1) |N@) |NG) |[N@#) |N©) |[N©)
6 HARQ processes |0 0 1 N@O) |N@) |[N@) N3 |N# |NO)
5 HARQ processes |0 0 0 1 N@©O) |N(1) |N@ |N3) |N@)
4 HARQ processes |0 0 0 0 1 N(0) N(1) N(2) N@3)
3 HARQ processes |0 0 0 0 0 1 N(0) N N(2)
2 HARQ processes |0 0 0 0 0 0 1 N(0) N(1)
2 HARQ processes |0 0 0 0 0 0 0 N(6) N(7)

The process scheduling states in table 6 and table 7 are different from each other in their
corresponding NDI information. 1 bit in the scheduling information is used to distinguish a hybrid
transport from a non-hybrid transport, which can dynamically enable hybrid transport and ensure
fairness between hybrid transport states and non-hybrid transport states, and in addition,

compared with manners of the bitmap or the joint indication for all states, the DCI size is reduced.

In a case of scheduling for multiple TBs, for transport of services with a large volume of data, the

MCS domain and the resource allocation domain may be compressed to reduce the DCI size.

In an embodiment, the scheduling indication method further includes: indicating an MCS domain

of the multiple shared channels, where an MCS domain corresponding to a case of scheduling for
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multiple shared channels enabled is 1 bit less than an MCS domain corresponding to a case of
scheduling for multiple shared channels disabled. In a case where a first mode is adopted, indexes

of the MCS domain when scheduling for the multiple shared channels enabled are odd indexes or

even indexes of indexes vcs of the MCS domain when scheduling for the multiple shared

channels disabled.

In an embodiment, the MCS domain is compressed to reduce the DCI size, and the DCI size is
reduced as much as possible on the premise that a certain flexibility is ensured, so as to avoid the

problem of too large DCI size caused by scheduling multiple through one.

Table 8 is a table of relationship between transport block size (TBS) domain indexes and MCS
domain indexes in a CE mode A and a CE mode B of PDSCH. Table 9 is a table of another
relationship between TBS domain indexes and MCS domain indexes in a CE mode A and a CE

mode B of PDSCH.

Table 8 Table of relationship between TBS domain index and MCS domain index in CE mode A
and CE mode B of PDSCH

Index Tyics of MCS Domain | Index Lps of TBS domain
0 0
1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 9
11 10
12 11
13 12
14 13
15 14

As shown in Table 8, the MCS domain index is denoted by /mcs, and the TBS domain index is

denoted by /tBs. Where indexes Imcs of 0-15 correspond to the CE mode A, and indexes /Mcs of
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0-9 correspond to the CE mode B.

Table 9 Table of another relationship between TBS Domain Index and MCS domain index in

CE mode A and CE mode B of PDSCH

Index ’ves of MCS domain | Index ™ of TBS domain
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 10
12 11
13 12
14 13
15 14

As shown in Table 9, the MCS domain index is denoted by /mcs, and the TBS domain index is
denoted by /tBs. Where indexes /mcs of 0-15 correspond to the CE mode A, and indexes /mcs of

0-9 correspond to the CE mode B.

For each of uplink and downlink transports in CE mode A, the MCS domain thereof is 4 bits. In
an embodiment, if the MCS domain for the downlink CE mode A is compressed to 3 bits, the

compression scheme is Tytes =2n+1, and a value of n is in 0~7. Table 10 is a schematic table of
compressing an MCS domain in the mode A to 3 bits according to an embodiment of the present

disclosure.
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Table 10 schematic Table of compressing MCS domain in Mode A to 3 bits according to an

embodiment of the present disclosure

New Index of MCS Domain | Index Mcs of MCS Domain | Index s of TBS Domain
0 1 1
1 3 3
2 5 5
3 7 7
4 9 9
5 11 10
6 13 12
7 15 14

As shown in the table 10, the MCS domain when scheduling for the multiple shared channels

enabled is one bit less than the MCS domain when scheduling for the multiple shared channels

disabled. In a case where the CE mode A is adopted, indexes Tucs  of the MCS domain when
scheduling for the multiple shared channels enabled are odd indexes of indexes Tves of the MCS

domain when scheduling for the multiple shared channels disabled, that is, Tyes jg 1,3,5,7,9,

11, 13 and 15. Correspondingly, the new indexes of MCS domain in the table 10 are selected from

1

values of indexes “M¢s of the original MCS domain and are renumbered, i.e., the new indexes

are 0~7.
In an embodiment, the MCS domain of the downlink CE mode A is compressed to 3 bits. The

compression scheme may be Tyies =2n, n is 0~7. Table 11 is another schematic table of

compressing the MCS domain in mode A to 3 bits according to an embodiment of the present

disclosure.

Table 11 Another schematic table of compressing MCS domain in CE mode A to 3 bits

according to an embodiment of the present disclosure
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New Index of MCS Domain J ‘ Index L of TBS
Index “MCS  of MCS Domain
Domain
0 0 0
1 2 2
2 4 4
3 6 6
4 8 8
5 10 9
6 12 11
7 14 13

As shown in Table 11, the MCS domain when scheduling for the multiple shared channels enabled

is one bit less than the MCS domain when scheduling for the multiple shared channels disabled.

In a case where the CE mode A is adopted, indexes Tnes of the MCS domain when scheduling
for the multiple shared channels enabled are even indexes of indexes Tves  of the MCS domain

when scheduling for the multiple shared channels disabled, that is, Tyies g 0,2,4,6,8,10,12

and 14. Correspondingly, the new indexes of the MCS domain in Table 11 are selected from values

1

of indexes “Mcs  of the original MCS domain and are renumbered, i.e., the new indexes are 0~7.

In an embodiment, for the scheme of compressing uplink mode A from 4 bits to 3 bits, the methods

in Table 10 and Table 11 may also be applied thereto, which are not redescribed here one by one.

In an embodiment, the scheduling indication method further includes indicating a modulation
coding scheme MCS domain of the multiple shared channels, and the MCS domain when
scheduling for the multiple shared channels enabled is one bit less than an MCS domain when
scheduling for the multiple shared channels disabled. In a case where a second mode is adopted,
indexes of the MCS domain when scheduling for the multiple shared channels enabled are preset
consecutive indexes of the MCS domain when scheduling for the multiple shared channels
disabled, or the indexes of the MCS domain when scheduling for the multiple shared channels
enabled include preset consecutive indexes and D preset indexes of the MCS domain when

scheduling for the multiple shared channels disabled.
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In an embodiment, for downlink mode B or uplink mode B, an MCS domain can be compressed

to 3 bits according to the method of 2<= Tves <=9, Table 12 is a schematic table of compressing

the MCS domain in mode B to 3 bits according to an embodiment of the present application.

Table 12 Schematic Table of compressing MCS domain of Mode B to 3 Bits according to an

embodiment of the present disclosure

New Index of MCS Domain | Index Lyies of MCS Domain | Index Trns of TBS Domain
0 2 2
1 3 3
2 4 4
3 5 5
4 6 6
5 7 7
6 8 8
7 9 9

As shown in Table 12, the MCS domain when scheduling for the multiple shared channels enabled

is one bit less than the MCS domain when scheduling for the multiple shared channels disabled.

1

In a case where the CE mode B is adopted, indexes “M¢s  of the MCS domain when scheduling

for the multiple shared channels enabled are preset consecutive indexes of the MCS domain when

scheduling for the multiple shared channels disabled, that is, Tves s 2,3,4,5,6,7, 8 and 9.

Correspondingly, the new indexes of the MCS domain in Table 12 are selected from values of

indexes ves of the original MCS domain and are renumbered, i.e., the new indexes are 0~7.

In an embodiment, in downlink mode B or uplink mode B, an MCS domain can be compressed

to 3 bits according to the method of Tyies including a minimum value. Table 13 is another
schematic table of compressing the MCS domain in mode B to 3 bits according to an embodiment

of the present application.

Table 13 Another Schematic Table of compressing MCS domain in Mode B to 3 bits according
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to an embodiment of the present disclosure

New Index of MCS Domain | Index Tycs of MCS Domain | Index Lrps of TBS Domain
0 0 0
1 2 2
2 4 4
3 5 5
4 6 6
5 7 7
6 8 8
7 9 9

As shown in Table 13, the MCS domain when scheduling for the multiple shared channels enabled

is one bit less than the MCS domain when scheduling for the multiple shared channels disabled.

In a case where the CE mode B is adopted, indexes Tves of the MCS domain when scheduling

for the multiple shared channels enabled are preset consecutive indexes and a minimum index of

the MCS domain when scheduling for the multiple shared channels disabled, that is, Tves s 0,
2,4,5,6,7, 8 and 9. Correspondingly, the new indexes of the MCS domain in Table 13 are

1

selected from values of indexes "M of the original MCS domain and are renumbered, i.e., the

new indexes are 0~7.

In an embodiment, the scheduling indication method further includes; indicating an MCS domain
of the multiple shared channels, the MCS domain when scheduling for the multiple shared

channels enabled is two bits less than the MCS domain when scheduling for the multiple shared

1

channels disabled. Indexes “Mcs  of the MCS domain when scheduling for the multiple shared

channels enabled are selected from indexes of the MCS domain when scheduling for the multiple

. . .. 1 =P*n+Q
shared channels disabled, where the principle of the selection is ~ ¢S , P, O and n are
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all integers, Tyves is an integer with a value range from 0 to 15.

I/

In an embodiment, in a case where P=2, “MCcs ~ Zn+ Q, the value of Q is at least one of: 1, 3, 5,

1

7,9; or in a case where P=3, “MCs ~ 3n+Q, the value of Q is at least one of: -3, 0, 3, 6 and 9; or

1

in a case where P=4, ‘mcs = 4n+Q , the value of Q is at least one of: -1, 3, 7; or, in a case where

1

MCS :5’1'

P=5, the value of Qis 0,

In an embodiment, an MCS domain is 4 bits for each of uplink and downlink transports in CE

mode A. In an embodiment, in the downlink CE mode A, the MCS domain is compressed to 2

. . . . 1,..=2n+9
bits, and the compression scheme is: in a case where P=2, Q may be 9, i.e., = MCS ,

Lyes =2n+7

the value of # ranges from 0 to 3; or Q may be 7, i.e., , the value of n is 1~4; or

Lys =2n+5

0O may be 5, i.e., , the value of n ranges from 2 to 5; or Q may be 3, that is,

Ly =2n+3 Lys =20 +1

s , the value of »n ranges from 3 to 6; or Q may be 1, i.e., ,

the value of n ranges from 4 to 7.

L =3n+0

3, 6 and 9; in a case where Q takes a different value, the corresponding value range of # is also

In an embodiment, in a case where P=3, , the value of Q is at least one of: -3, 0,

Lyes =3n+3

different, for example, when O=3, , the value of n ranges from 1 to 4, in a case

Ly =3n+6

where 0=6, , the value of n ranges from 0 to 3.

1

In an embodiment, in a case where P=4, ~MCS =4n+Q , the value of Q is at least one of: -1, 3, 7;

or in a case where Q takes a different value, the corresponding value range of 7 is also different,

I =4n—1

for example, when O=-1, , the value of n ranges from 1 to 4; when QO=3,

IMCS =4n+3 , the value of n ranges from 0 to 3.

IMCS -

In an embodiment, in a case where P=5, QO is 0, , and the value of #n ranges from 0

to 3.
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In an embodiment, an MCS domain is 4 bits in each of uplink and downlink transports in CE

mode B. In an embodiment, in the downlink CE mode B, the MCS domain is compressed to 2

Lyes =2n+3

bits, and the compression scheme is: , the value of n ranges from 0 to 3, or the

1o =2n+1

compression scheme is written as , the value of n ranges from 1 to 4; or the

. : : Lycs =3n
compression scheme is written as ~ M¢S , the value of n ranges from 0 to 3, or the

Lyes =3n-3

compression scheme is written as , the value of n ranges from 1 to 4.

The indexes of the MSC domain are selected at different intervals, thus the distances between the
obtained MCSs are different, i.e., flexibilities are different. When the distance is larger, the
number of MSC states is smaller, and the flexibility is lower, and more DCI overhead is saved.
Since scheduling for multiple processes may cause excessively large of DCI size, and for
scheduling for multiple TBs, the data volume is larger compared with the scheduling for a single
TB, thus, the method of MCS compression is adopted to adapt to the scheduling for multiple TBs,

which can reduce the DCI size, and guarantee PDCCH performance.

In an embodiment, a resource allocation domain of a first mode can be indicated, and a resource

allocation domain of a second mode can also be indicated.

The first mode may be the CE mode A. For the CE mode A, the resource allocation domain
contains 5 bits, and the number of allocated physical resource blocks (PRB) is 1 to 6. In a case of
scheduling for multiple TBs, in order to achieve the effect of transport of a large volume of data,
5 bits can be saved. In this case, it is required to compress the resource allocation domain to 0 bit,
that is, the number of PRBs should be 6. For example, if the identifiers of the PRBs are 0, 1, 2, 3,
4, 5, the scheduling state includes a state of 6 PRBs being scheduled, which is {0,1,2,3,4,5}.

In an embodiment, the scheduling indication method further includes indicating a resource
allocation domain of the multiple shared channels. In a case where the first mode is adopted, the
resource allocation domain occupies one bit, and includes a state in which the number of
corresponding physical resource blocks PRBs is 6 and a state in which the number of
corresponding physical resource blocks PRBs is 4. In a case where the resource allocation domain
occupies one bit, that is, in a case where 4 bits are saved, the bits occupied by the resource
allocation domain are required to be compressed to 1 bit, and in this case, the resource allocation
domain may include 2 scheduling states, that is, a state in which the number of PRBs is 6 and a

state in which the number of PRBs is 4. When the number of PRBs is 4, the scheduling state may
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be {0,1,2,3}.

In an embodiment, the scheduling indication method further includes: indicating a resource
allocation domain of the multiple shared channels. In a case where the first mode is adopted, the
resource allocation domain occupies two bits, three bits, or four bits and includes a state of
{0,1,2,3,4,5} in which all 6 PRBs are scheduled. In an embodiment, when to compress the
resource allocation domain, the scheduling states of the compressed resource allocation domain
are required to include at least the state in which 6 PRBs are scheduled, where {0,1,2,3,4,5}
represents that the PRBs with identifiers 0, 1, 2, 3, 4, 5 in the narrow band are used when being
scheduled.

In an embodiment, a resource allocation domain of the multiple shared channels is indicated that,
in a case where the first mode is adopted, the resource allocation domain occupies two bits, and
includes one of the following scheduling states: {0,1,2,3,4,5}, {0,1,2}, {3,4},{5}; or {0,1,2,3,4,5},
{0,1,2,3},{4},{5}; or {0,1,2,3,4,5}, {0,1,2,3}, {4,5}, {5}. In an embodiment, in a case where
three bits are saved, the bits occupied by the resource allocation domain are required to be
compressed to 2 bits, and the resource allocation domain includes 4 scheduling states, and the
numbers of PRBs corresponding to the scheduling states may be different; In a case where the
numbers of PRBs corresponding to scheduling states are the same, the PRB identifiers of the

scheduled PRBs in the scheduling states are complementary.

In an embodiment, a resource allocation domain of multiple shared channels is indicated that, in
a case where the first mode is adopted, the resource allocation domain occupies three bits, and
includes one of the following scheduling states: {0,1,2,3,4,5}, {0,1,2,3,4}, {0,1,2,3}, {0,1,2},
{4,5}, {3}, {4}, {5}; 01, {0,1,2,3,4,5}, {0,1,2,3,4}, {0,1,2,3}, {0,1,2}, {3.4,5}, {0,1}, {2,3}, {4,5};
where, {0,1,2,3,4,5} indicates that PRBs with identifiers 0, 1, 2, 3, 4, 5 in the narrow band are all
occupied when being scheduled. In an embodiment, in a case where 2 bits are saved, the bits
occupied by the resource allocation domain are required to be compressed to 3 bits, and the
resource allocation domain may include 8 states, the 8 states include at least a state in which the
number of PRBs is 6. In an embodiment, 8 scheduling states are {0,1,2,3,4,5}, {0,1,2,3,4},
{0,1,2,3}, {0,1,2}, {4,5}, {3}, {4}, {5}; in the 8 scheduling states, scheduling states
corresponding to 2PRBs and 4PRBs are complementary; a scheduling state corresponding to
3PRBs and three scheduling states corresponding to a single PRB are complementary, and a
scheduling state corresponding to SPRBs and a scheduling state corresponding to a single PRB
(i.e., {5}) are complementary. The complementary here means the set composed of the PRBs is a

full set of 6 PRBs, and there is no intersection set, such that the scheduling for various numbers
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of PRBs can be guaranteed, and for 6 PRBs, at most 4 UEs can be scheduled. A single PRB refers
to that the number of PRB is 1, 2PRBs refers to that the number of PRBs is 2, 3PRBs refers to
that the number of PRBs is 3, 4PRBs refers to that the number of PRBs is 4, and SPRBs refers to
that the number of PRBs is 5. In an embodiment, 8 scheduling states are {0,1,2,3,4,5}, {0,1,2,3,4},
{0,1,2,3}, {0,1, 2}, {3,4,5}, {0,1}, {2,3}, {4,5}; a case in which a single PRB is scheduled is not
included in these 8 scheduling states, that is, in a scenario of large TBS, and transport of a large
volume of data, the number of PRBs is greater than or equal to 2. In order to ensure the UE
coverage, three states of 2PRBs are complementary, two states of 3PRBs are complementary, and

one state of 4PRBs and one state of 2PRBs are complementary.

In an embodiment, a resource allocation domain of the multiple shared channels is indicated that,
in a case where the first mode is adopted, the resource allocation domain occupies 4 bits, and
includes at least one of the following scheduling states: {0,1,2,3,4,5}, {0,1,2,3,4}, {0,1,2,3},
{0,1,2}, {3,4,5}, {0,1}, {2,3}, {4,5}, {0}, {1}, {2}, {3}, {4}, {5}, {1,2,3,4,5}, {2,3.4,5}.

In an embodiment, in a case where 1 bit is saved, the bits occupied by the resource allocation
domain are required to be compressed to 4 bits, the resource allocation domain can include 16
scheduling states, and the 16 scheduling states include at least a state in which the number of
PRBs is 6. In an embodiment, 16 scheduling states may include: {0,1,2,3,4,5}, {0,1,2,3.4},
{0,1,2,3}, {0,1,2}, {3,4,5}, {0,1}, {2,3}, {4,5}, {0}, {1}, {2}, {3}, {4}, {5}, {1,2,3,4,5},
{2,3,4,5}.

When to indicate resource allocation domain of the multiple shared channels, it should try to
ensure that the states indicated for PRBs have a complementary effect, for example, {0, 1, 2} and
{3, 4,5} are complementary, that is, it should try to ensure that the states of PRBs do not overlap,

to facilitate resource scheduling.

In an embodiment, a resource allocation domain of the multiple shared channels is indicated that,
in a case where the second mode is adopted, the resource allocation domain occupies one bit,
includes a scheduling state in which the number of corresponding PRBs is 1 and a scheduling
state in which the number of corresponding PRBs is 2. In the downlink CE mode B, 1 bit can be
used to indicate 4PRBs and 6PRBs. When to compress the resource allocation domain, the
compressed resource allocation domain is required to ensure that the scheduling state of

scheduling 6PRBs can be adopted.

In an embodiment, a resource allocation domain of multiple shared channels is indicated that, in
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a case where the second mode is adopted, the resource allocation domain occupies two bits, and
includes a scheduling state in which the number of corresponding PRBs is 2 and a scheduling
state in which the number of corresponding PRBs is 1, and the scheduling states include one of

the following: {4}, {5}, {0,1}, {2,3}.

In an uplink CE mode B, in the related art, 3 bits may be used for indication. Table 14 is a table

of relationship between a resource allocation domain and an allocated resource block.

Table 14 Table of relationship between resource allocation domain and allocated resource block

Value of Resource Allocation Domain|Number of Allocated Resource Block

‘000’ 0

‘001’ 1

‘010 2

‘011’ 3

‘100’ 4

‘101° 5

‘110°

Npg (and) ngp +1
i ngp +2 and ngp +3

As shown in Table 14, in the uplink CE mode B, the resource allocation domain occupies 3 bits.
When to indicate the resource allocation domain of the multiple shared channels, the bits occupied
by the resource allocation domain can be compressed. In an embodiment, in a case where 2 bits
are used for indication, scheduling states {4} {5} {0,1} {2,3} can be adopted, thereby ensuring
UE coverage and scheduling and transport for multiple TBs, and 4 UEs can be scheduled. In an
embodiment, in a case where 1 bit is used for indication, scheduling states {0,1} {2} or {2, 3} {1}

or {0, 1} {2, 3} can be adopted.

In an embodiment, in a case of scheduling for multiple TBs in MTC, gap insertion can be
supported. In an embodiment, the solution of the embodiment may be applied in a case where
multiple shared channels are scheduled through one PDCCH, and multiple processes are
interleaved and non-interleaved, to determine positions of gaps so as to insert the gaps. In a case
where multiple processes are interleaved, gap insertion can increase time domain diversity gain.
Inserting gaps between the interleaved blocks can avoid damaging the integrity of the interleaved

blocks, ensure fairness between the TBs, and facilitate early termination. In an embodiment, the
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inserting positions of gaps may be determined based on the interleaved blocks, and the inserting

positions of gaps may also be determined based on the total length.

In a case where a radio resource control (RRC) is configured to insert a gap after © subframes,

it cannot ensure that the position of the gap is between interleaved blocks. In an embodiment, the
position of the interleaved block is after m*G*N1s subframes. Where, m represents the m-th

interleaved block, G represents the interleaving granularity, and Nts represents the number of

currently scheduled TBs. The value range of m is 1<=m <= R/G R is the number of repeat

times of TBs, and R/G is the number of interleaved blocks.

In an embodiment, the scheduling indication method further includes: determining positions of
gaps, where, a gap is inserted every first preset subframes, the number of the first preset subframes
is determined according to an interleaving granularity of the transport blocks TBs, the number of
currently scheduled TBs, and a preset threshold value, and the number of the first preset

subframes is calculated through the following formular:

G*Nyy | o G* Ny,

where, G is the interleaving granularity, Ny represents the number of currently scheduled TBs,

the value range of mis 1 <=m <=R/G R is the number of repeat times of TBs, © is the preset

threshold, R/G is the number of interleaved blocks, I_ —l is round up, \- J is round down. The
positions of gaps are determined based on the solution of the interleaved blocks, the gaps are
respectively inserted between the interleaved blocks, and a gap is inserted every a certain number

of subframes. Moreover, the number of the gaps varies according to the total length. Where, a gap

. G*N. .. G*N.
is inserted every 8 1 subframes, or a gap is inserted every L T8
G*Nj* ©
. N. B G*N
subframes. For example, in a case where G=1, "~ '8=7, © =32 and R=32, 8

=35, that is, a gap is inserted every 35 subframes, which is equivalent to inserting a gap after 5

interleaved blocks, and totaling 32 interleaved blocks. For another example, in a case where G=16,
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G*N,, ¥ —————
TB IVG*NTB

Ny —‘=96, that is, a gap is inserted every 96 subframes,

=3, ®=64, R=512,
which is equivalent to inserting a gap after 2 interleaved blocks. Again for example, in a case

®
G* Ny

o
NTB

where G=16, =3, ©=32 R=512, —‘ =48, that is, a gap is inserted every 48

subframes, which is equivalent to inserting a gap after 1 interleaved block.

In an embodiment, the scheduling indication method further includes: determining positions of
gaps, where a gap is inserted every second preset subframes, the number of the second preset
subframes is determined according to the number of currently scheduled TBs, the number of
repeat times of TBs, and the number of the inserted gaps. The number of the second preset

R
. NTB * n N.
subframes is calculated through a formula 2" | where '™ represents the number of

currently scheduled TBs, R is the number of repeat times of TBs, n satisfies

*
2"—13M32"+l—1

C , where © is a preset threshold, the number of the gaps is 2"-1, n is an

integer. Where, 2"-1 gaps are inserted based on the total length. Inserting gaps by this method is
also inserting the gaps between the interleaved blocks. The number of the inserted gaps is
determined according to the number of repeat times of TBs, the number of currently scheduled

TBs and a preset threshold, and the gaps divide the scheduled multiple TBs uniformly. In a case

%
2 1< BN omi NTB*%
where n satisfies S , that is, a gap is inserted every 2" subframes.
For example, in a case where R=32, Ny =7 and © =64, satisfying the condition
* . * -
2 1< BN g 2 1< 2R g
C means satisfying the condition 64 , that is,

when n=2, 3 gaps may be inserted, and a gap is inserted every 56 subframes.

In an embodiment, in a case where the number of repeat times of TBs is less than a first threshold

Ol the number of gaps is x1; in a case where the number of repeat times of TBs is greater than

the first threshold ®1, the number of gaps is x2. Where, x2>x1, and the value of x1 at least

includes 1 gap, and the length of the gap may be configured by RRC. In an embodiment, in a case
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where a product of the number of repeat times R of TBs and the number Ny of the currently

scheduled TBs is less than a first threshold ©2, the number of gaps is x1; and in a case where

the number of repeat times of TBs is greater than the first threshold 02 , the number of gaps is

x2. Where, x2>x1, and the value of x1 at least include 1 gap, and the length of the gap may be
configured by the RRC.

In an embodiment, the scheduling indication method further includes:

determining positions of gaps, where, the number of the inserted gaps is configured through a
radio resource control (RRC) signal, and the positions of the gaps are obtained according to the
configured number of the inserted gaps. In a case where the number of the gaps is directly
configured according to requirements, the number of the gaps may be configured directly through
an RRC signal, which is simple. In CE mode A, the number of the gaps includes at least one of
the following: 1 and 3; in CE mode B, the number of the gaps includes at least one of the following:

1, 3,7, 15. Where, the length of the gap may also be configured by an RRC signal.

In an embodiment, in a case where multiple shared channels is scheduled through one PDCCH,

n+k,-1

the position of acknowledgement/non-acknowledgement (ACK/NACK) in subframes

is indicated. " represents the position of an end subframe in a case of scheduling for multiple

n=k

TBs, 0. Where, Table 15 is a table of relationship between ACK/NACK resource domain

indication, ACK/NACK subcarrier, and ACK/NACK delay according to related art.

Table 15 Table of relationship between ACK/NACK resource domain, ACK/NACK subcarrier,
and scheduling delay according to related art

ACK/NACK Resource Domain ACK/NACK Subcarrier Delay ko
0 0 a
1 1 a
2 2 a
3 3 a
4 0 b
5 1 b
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6 2 b
7 3 b
8 0 C
9 1 c
10 2 C
11 3 C
12 0 d
13 1 d
14 2 d
15 3 d

As shown in Table 15, in the related art, a=13, b=15, c=17, d=18. In a case of scheduling for

multiple TBs, it may be attempted to make the delay ke smaller, to reduce the delay and improve

the resource utilization efficiency.

In an embodiment, a=1, and in order to be the same as partial of the original scheduling, it may
select c=13, d=17 and may select b as 9. In an embodiment, the uplink transition may be given

more time, i.e., a=5. That is, there are two ways: a=1,b=9, ¢c=13, d=17; and, a=5, b=9, c=13, d=17.

In an embodiment, in order to ensure that the maximum scheduling delay can be larger, it may
select d=18, that is, it may include the following two ways: a=1, b=9, c=13, d=18; and a=5, b=9,
c=13, d=18.

In an embodiment, at least one of the following states is included: a takes a value of 1 or 5, b takes

a value of 9, c takes a value of 13, and d takes a value of 17 or 18. In an embodiment, according

to the characteristics of scheduling for multiple TBs, changing the value of ks conducive to

saving the delay in resource scheduling.

FIG. 2 is a structural block diagram of a scheduling indication apparatus according to an
embodiment of the present disclosure. As shown in FIG. 2, the scheduling indication apparatus

according to an embodiment of the present disclosure includes a scheduling module 220.

The scheduling module 220 is configured to schedule multiple shared channels through a single
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physical downlink control channel (PDCCH); The scheduling information is carried in the single
PDCCH, and is used to indicate the scheduling for processes corresponding to the shared channels,
and the shared channels include a physical uplink shared channel (PUSCH) and/or a physical
downlink shared channel (PDSCH).

The scheduling indication apparatus according to this embodiment is configured to implement
the scheduling indication method according to the embodiment shown in FIG. 1, the scheduling
indication apparatus according to this embodiment has similar implementation principles and

technical effects to those of the scheduling indication method, the details are not repeated here.

In an embodiment, the scheduling information includes process identification information and
new data indication (NDI) information corresponding to the processes, and the process
identification information is used to indicate index information of scheduled processes, or a start

position of indexes of scheduled processes and process number information.

In an embodiment, the scheduling information includes information for indicating scheduling for
a single process or for multiple processes, process identification information, and NDI
information corresponding to processes, where the process identification information is used to
indicate index information of the scheduled processes, or a start position of indexes of scheduled

processes and process number information.

In an embodiment, the scheduling information includes process number identification information,
process identification information and NDI information corresponding to processes, where the
process number identification information is used to indicate that the number of currently
scheduled processes is greater than a threshold z or the number of currently scheduled processes
is less than or equal to the threshold z, and the process identification information is used to
indicate index information of the scheduled processes, or a start position of indexes of the

scheduled processes and process number information of the scheduled processes.

In an embodiment, the scheduling information includes information for indicating scheduling for
a hybrid transport or for a non-hybrid transport, process identification information, and NDI
information corresponding to processes. The scheduling for a non-hybrid transport refers to that
the scheduled processes correspond to same NDI information, and the scheduling for a hybrid
transport refers to that the scheduled processes correspond to NDI information which is not
completely the same, and the process identification information is used to indicate index

information of the scheduled processes, or a start position of indexes of scheduled processes and
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process number information.

In an embodiment, in a case where the maximum number of processes scheduled through the
downlink control information (DCI) is H, the scheduling information is X bits, and the scheduling

information is used to indicate the scheduling state index M.

In an embodiment, the value of M is determined according to at least process identification
information of currently scheduled processes and NDI information corresponding to the currently

scheduled processes.

In an embodiment, the value of M being determined according to at least process identification
information of currently scheduled processes and NDI information corresponding to the currently

scheduled processes, includes:

the value of M is increased in accordance with the number of scheduled processes increasing; or,

the value of M is increased in accordance with a start position of scheduled processes increasing.

In an embodiment, the value of M being increased in accordance with the number of scheduled

processes increasing, satisfies:

j-1
2°+> 2(H+1-i)+a

i=1

277 et x

m+j—1

M=m*2"+x 2" +x

m+1

where, j is the number of the currently scheduled processes, m is a process identifier of a process

at a start position of processes, and NDI information corresponding to j currently scheduled

X, 03X, 15X, e
processes is, 7w eiogn, my, 0EmEHo

€{0,1}

XnsX X : . :
, a is a start value of M, and « is an integer.

m+lo" s m+j—2’xm+j—1

In an embodiment, the value of M being increased in accordance with a start position of scheduled

processes increasing, satisfies:

3

Ui —1H-g A
M=)2"+>>2+x,2"" +x

p=1

j-2 0
w2 At X, 27 +a

B
=1

”

where, j is the number of processes currently scheduled, m is a process identifier of a process at

44



10

15

20

25

a start position of processes, and NDI information corresponding to j currently scheduled

X

. X
processes is, "’

et jef123., Hy, Osms gl = Hmm

b

X ,x ox o.x €401 ) . .
m2mt mej-2%me € 10,13 , a is the start value of M, and a is an integer.
In an embodiment, in a case where the maximum number H of processes scheduled through DCI

is 4, and scheduling information is X=>5 bits, the scheduling state includes one of the following.

In a case where the number of currently scheduled processes is 4, the number of the scheduling

. . XX X, X5 .
state includes sixteen ~9717273 ; in a case where the number of the currently scheduled processes

. . . X, X X X, .
is 2, the number of the scheduling state includes four ! and four ~273 ;in a case where the

number of the currently scheduled processes is 1, the number of the scheduling state includes two

X X X Xo X% X X .
0 two "1, two "2 andtwo "3 where ~0, "1 72 and "3 respectively correspond to
NDI information corresponding to a processes with a process identifier 0, NDI information
corresponding to a processes with a process identifier 1, NDI information corresponding to a

processes with a process identifier 2 and NDI information corresponding to a processes with a

. . X
process identifier 3, and each of ~°, % , X2 and B3 € {0,1} )
In an embodiment, in a case where the maximum number H of processes scheduled through DCI

is 4, and scheduling information is X=6 bits, the scheduling state includes one of the following.

In a case where the number of currently scheduled processes is 4, the number of the scheduling
: . Xo X Xy X5 .
state includes sixteen ; in a case where the number of the currently scheduled processes

. . . . XX, X . XXX, .
is 3, the number of the scheduling state includes eight “07172 and eight “17273; in a case

where the number of the currently scheduled processes is 2, the number of the scheduling state

. Xn X X, X X, X X, X. XX Xn X, .
includes four "9, four “172 four “273  four 173 four “073 andfour “972;inacase

where the number of the currently scheduled processes is 1, the number of the scheduling state

Xo X

. X X, X X X
includes two ~ %, two "1, two "2 andtwo “3, where , 3

X
2 and

correspond to NDI information corresponding to a process with a process identifier 0, NDI

respectively

information corresponding to a process with a process identifier 1, NDI information

corresponding to a process with a process identifier 2 and NDI information corresponding to a
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. . . X X,
process with a process identifier 3, and each of ~°, "1, *a and % e{0,1} .
In an embodiment, the scheduling information includes 1 bit information for indicating
scheduling for a single process or for multiple processes; in a case where the 1 bit information
indicates a scheduling for multiple processes, j bits in X-1 bits are used to indicate NDI
information of j processes, and X-1-j bits in the X-1 bits are used to indicate process identification

information.

In an embodiment, in a case where X=10, the scheduling state indicated includes at least one of

the following.

In a case where the number of currently scheduled processes is 8, 1 bit, for process identification

information, in the 9 bits is indicated as x, and 8 bits for NDI correspond to 8 processes, the 8

XX, X, X3, X5 X,

. X, .
processes include: 7; in a case where the number of currently scheduled processes

is 7, 2 bits, for process identification information, in the 9 bits are indicated as ~x, x, and 7 bits

XX, X, X3, X XXX X, XXXy

for NDI correspond to 7 processes, the 7 processes include: % or
in a case where the number of currently scheduled processes is 6, 3 bits, for process identification
information, in the 9 bits are indicated as ~x, ~x, x, and 6bits for NDI correspond to 6 processes,

XXX XyXyXs XXy X5 X X, X3, X5 X

the 6 processes include Y or %7 . in a case where the number
of currently scheduled processes is 5, 4 bits, for process identification information, in the 9 bits

are indicated as ~x, ~X, ~X, X, and 5bits for NDI correspond to 5 processes, the 5 processes include:

XX XoXsX, XXX, X5 XoXoX,XsXg  XyX, XXXy |
0T3S e Tats e 7456 i a case where the number of currently

scheduled processes is 4, 5 bits, for process identification information, in the 9 bits are indicated

as ~X, ~X, ~X, ~X, X, and 4bits for NDI correspond to 4 processes, the 4 processes include:

XX, XXy XXXy Xy XpXyX,Xs XX, XX, X, XXX,
023 TR s T3S or 475677 in a case where the number of currently

scheduled processes is 3, 6 bits, for process identification information, in the 9 bits are indicated
as ~X, ~X, ~X, ~X, ~X, X, and 3bits for NDI correspond to 3 processes, the 3 processes include:

XXXy | XXXy XpXoXy  KiXyXs XX XsXgX,

X .

¢ or : in a case where the number of currently
scheduled processes is 2, 7 bits, for process identification information, in the 9 bits are indicated
as ~X, ~X, ~X, ~X, ~X, ~X, X, Or ~X, ~X, ~X, ~X, ~X, ~X, ~X, and 2bits for NDI correspond to 2

XXy XXy XpXy  XyXy  XpXs o XsX XeX;

processes, the 2 processes include: or ; where x
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. Xs XpsXg s Xgs Xgs Xy Xy X
, ~X denotes a negative x, 0271272273456

respectively correspond to NDI
information corresponding to a process with a process identifier 0, NDI information
corresponding to a process with a process identifier 1, NDI information corresponding to a
process with a process identifier 2, NDI information corresponding to a process with a process
identifier 3, NDI information corresponding to a process with a process identifier 4, NDI
information corresponding to a process with a process identifier 5, NDI information

corresponding to a process with a process identifier 6, NDI information corresponding to a
process with a process identifier 7, and each of X X1 X5 X35 Xy, X5, X, X7 € {01} .

In an embodiment, in a case where the maximum number of processes scheduled through DCI is
4, the scheduling information X is 6 bits, where 5 bits for indicating scheduling for multiple
processes in the 6 bits are used to indicate process identification information and NDI information
corresponding to processes, and the scheduling state indicated by the 5 bits includes one of the

following.

In a case where the number of currently scheduled processes is 4, 1 bit, for process identification

information, in the 5 bits is indicated as x, 4bits for NDI correspond to 4 processes, the 4 processes

include x0x1x2x3; in a case where, the number of currently scheduled processes is 3, 2 bits, for

process identification information, in the 5 bits are indicated as ~x, x, 3bits for NDI correspond

XoXiXy o M2t

to 3 processes, the 3 processes include ; in a case where, the number of

currently scheduled processes is 2, 3 bits, for process identification information, in the 5 bits are

indicated as ~x, ~x ~x or ~x, ~x, x, 2bits for NDI correspond to 2 processes, the 2 processes include

X, X X

XX, XX . X :
0 12 ; where, ~x denotes negative x, and , , and 3 respectively

or 1%
correspond to NDI information corresponding to a process with a process identifier 0, NDI
information corresponding to a process with a process identifier 1, NDI information

corresponding to a process with a process identifier 2 and NDI information corresponding to a

. . . X, X

process with a process identifier 3, and each of Yo , 1 "2and Y € {0’ 1} )

In an embodiment, when the scheduling information indicates scheduling for multiple processes,
the scheduling information further includes information used to indicate scheduling for a hybrid
transport or for a non-hybrid transport; or, the scheduling information further includes process

number identification information, where the process number identification information is used
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to indicate that the number of currently scheduled processes is greater than a threshold z or the

number of currently scheduled processes is less than or equal to the threshold z.

In an embodiment, the scheduling information includes process number identification information.
In a case where the process number identification information indicates that the number of
currently scheduled processes is greater than a threshold z, identifiers of the scheduled processes

in scheduling information are consecutive.
In an embodiment, the scheduling information further includes:

in X-1 bits, j bits used to indicate NDI information of j processes, and X-1-; bits used to indicate

process identification information.

In an embodiment, in a case where the maximum number of scheduled processes is 8 and the

scheduling information X is 10 bits, the scheduling state indicated includes one of the following.

In a case where the number of currently scheduled processes is 8, 8bits for NDI correspond to 8

: XX, X, XX, Xs X Xy . -
processes, the 8 processes include: “071727374757677 - in a case where the number of the currently

scheduled processes is 7, 7bits for NDI correspond to 7 processes, the 7 processes include:

XX, Xy X3 X, XX XX, X3 X, X XXy
0TT2TITATST6 o 17273 - in a case where the number of the currently scheduled

processes is 6, 6bits for NDI correspond to 6 processes, the 6 processes include: Yol XpXsXeXs

XX, XX, XX, X, X3 X, X5 XX .

or ; in a case where the number of the currently scheduled processes

. . . X X, XXX, XX, XX, X
is 5, Sbits for NDI correspond to 5 processes, the 5 processes include: 7071727374 & 172737475

XXX XeXg 0 XXy Xs XX Xos X5 Xy X35 X5 X5, Xg 5 X

; where respectively corresponds to NDI

information corresponding to a process with a process identifier 0, NDI information
corresponding to a process with a process identifier 1, NDI information corresponding to a
process with a process identifier 2, NDI information corresponding to a process with a process
identifier 3, NDI information corresponding to a process with a process identifier 4, NDI
information corresponding to a process with a process identifier 5, NDI information

corresponding to a process with a process identifier 6, and NDI information corresponding to a

. . . X X5 Xy, X3, Xy, Xs, X, X7 € {0,1
process with a process identifier 7, and each of 0>71>72>73>74>75> 6> 77 0, }.
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In an embodiment, in a case where the maximum number of scheduled processes is 4, the

scheduling state corresponding to the scheduling information includes one of the following.

In a case where the number of currently scheduled processes is 4, the number of the scheduling
: . Xo X X, X5 .
state includes sixteen ; in a case where the number of the currently scheduled processes

. . . . Xn X, X . X, X, X X,
is 3, the number of the scheduling state includes eight 97172 and eight “17273 where, “°,

X, X X . . . . .
1. 72 and "3 respectively correspond to NDI information corresponding to a process with a

process identifier 0, NDI information corresponding to a process with a process identifier 1, NDI

information corresponding to a process with a process identifier 2, NDI information

corresponding to a process with a process identifier 3, and ach of Yo , " , Y2 and % € 0.1} .
In an embodiment, the scheduling information includes process number identification information.
In a case where the process number identification information indicates that the number of
currently scheduled processes is less than or equal to a threshold z, the process identification
information further includes information about process group of scheduled processes and process
identification information within a process group, where the process identification information
within the process group and the NDI information of the scheduled processes are jointly indicated

or separately indicated.

In an embodiment, in a case where the maximum number of scheduled processes is 8, z=4, and
X=10, 1 bit in scheduling information is used to indicate that information about process group of
scheduled processes is processes 0123 or processes 4567, 4 bits in the remaining 8 bits indicate
in a bitmap positions and number of 4 processes, and other 4 bits are used to indicate NDI of 4
processes; or in a case where the maximum number of scheduled processes is 8 and z=4, 2 bits in
the scheduling information are used to indicate information about process group of scheduled
processes is processes 0123, processes 2345, processes 4567, or processes 6710, and the
remaining 7 bits are used to indicate process identification information within the process group

and the NDI information of the scheduled processes.

In an embodiment, 1 bit in the scheduling information is used to indicate that the number of
currently scheduled processes is greater than a threshold z or the number of currently scheduled
processes is less than or equal to the threshold z. In a case where the maximum number of
scheduled processes is 4 and z=2, the scheduling state corresponding to the scheduling

information includes one of the following.
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In a case where the number of the currently scheduled processes is 1, the number of the scheduling

. X X, X X
state includestwo ~ 0 two 1, two "2 andtwo 3.

In a case where the number of the currently scheduled processes is 2, the number of the scheduling

. Xo X X, X X, X X, X XX X, X
state includes four “°°1, four “172, four “273, four 173, four 703 andfour "972.Ina

case where the number of the currently scheduled processes is 4, the number of the scheduling

. ) XX, X, X
state includes sixteen “0717273

In a case where the number of the currently scheduled processes is 3, the number of the scheduling

. . . x, X X X .
state includes eight 0M1*2 or eight 2% Where, "0, "1, 72 and 3 respectively

correspond to NDI information corresponding to a process with a process identifier 0, NDI
information corresponding to a process with a process identifier 1, NDI information

corresponding to a process with a process identifier 2 and NDI information corresponding to a

. . X, X, X

process with a process identifier 3, and each of 0, "1, 72 and % € {0’ 1} .

In an embodiment, in a case where the scheduling information is indicated as a non-hybrid
transport scheduling, process positions and process number are indicated in a form of bitmap, and
the scheduled processes correspond to the same NDI information, and the NDI information is

indicated by 1 bit.

In an embodiment, in a case where the scheduling information is indicated as a hybrid transport
scheduling, process identifiers of the scheduled processes in the scheduling information are

consecutive, and each scheduled process has a corresponding 1bit for NDI information.

In an embodiment, in a case where the maximum number of scheduled processes is 8, the
scheduling information X is 10 bits; or, in a case where the maximum number of scheduled

processes is 4, the scheduling information is 6 bits.
In an embodiment, the scheduling indication method further includes:

indicating a modulation and decoding scheme (MCS) domain of the multiple shared channels.
Specifically, an MCS domain when scheduling for the multiple shared channels enabled is 1 bit
less than an MCS domain when scheduling for the multiple shared channels disabled; in a case

where a first mode is adopted, indexes of the MCS domain when scheduling for the multiple
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shared channels enabled are odd indexes or even indexes of indexes !vcs of the MCS domain

when scheduling for the multiple shared channels disabled.
In an embodiment, the scheduling indication method further includes:

indicating a modulation coding scheme MCS domain of the multiple shared channels. Specifically,
the MCS domain when scheduling for the multiple shared channels enabled is one bit less than
an MCS domain when scheduling for the multiple shared channels disabled. In a case where a
second mode is adopted, indexes of the MCS domain when scheduling for the multiple shared
channels enabled are preset consecutive indexes of the MCS domain when scheduling for the
multiple shared channels disabled, or the indexes of the MCS domain when scheduling for the
multiple shared channels enabled include preset consecutive indexes and D preset indexes of the

MCS domain when scheduling for the multiple shared channels disabled.
In an embodiment, the scheduling indication method further includes:

indicating a modulation coding scheme MCS domain of the multiple shared channels. Specifically,
the MCS domain when scheduling for the multiple shared channels enabled is two bits less than
an MCS domain when scheduling for the multiple shared channels disabled. In a case where a
second mode is adopted, indexes of the MCS domain when scheduling for the multiple shared
channels enabled are preset consecutive indexes of the MCS domain when scheduling for the
multiple shared channels disabled, or the indexes of the MCS domain when scheduling for the

multiple shared channels enabled are indexes selected from indexes of the MCS domain when

. : . . oo L =P*n+Q
scheduling for the multiple shared channels disabled. a selection principle is ~#¢S , P,

Q and n are all integers, and Tyes is an integer with a value range from 0 to 15.

1

In an embodiment, in a case where P=2, 'Mcs — Zn+Q , the value of Q is at least one of the

1

following: 1, 3, 5, 7, 9; or in a case where P=3, ~MCS =3n+0Q , the value of Q is at least one of

1

the following: -3, 0, 3, 6 and 9; or in a case where P=4, ~McS =4n+ Q, the value of Q is at least

1

one of the following: -1, 3, 7; or, in a case where P=5, ~McS =5n , the value of Q is 0.

In an embodiment, the scheduling indication method further includes indicating a resource
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allocation domain of the multiple shared channels. In a case where the first mode is adopted, the
resource allocation domain occupies one bit, and includes a state in which the number of
corresponding physical resource blocks PRBs is 6 and a state in which the number of

corresponding physical resource blocks PRBs is 4.

In an embodiment, the scheduling indication method further includes: indicating a resource
allocation domain of the multiple shared channels. In a case where the first mode is adopted, the
resource allocation domain occupies two bits, three bits, or four bits and includes a state of
{0,1,2,3,4,5} in which all 6 PRBs are scheduled, where {0,1,2,3,4,5} represents that the PRBs

with identifiers 0, 1, 2, 3, 4, 5 in the narrow band are used when being scheduled.

In an embodiment, a resource allocation domain of the multiple shared channels is indicated that,
in a case where the first mode is adopted, the resource allocation domain occupies two bits, and
includes one of the following scheduling states: {0,1,2,3,4,5}, {0,1,2}, {3,4},{5}; or {0,1,2,3,4,5},
{0,1,2,3},{4},{5}; or {0,1,2,3,4,5}, {0,1,2,3}, {4,5}, {5}.

In an embodiment, a resource allocation domain of multiple shared channels is indicated that, in
a case where the first mode is adopted, the resource allocation domain occupies three bits, and
includes one of the following scheduling states: {0,1,2,3,4,5}, {0,1,2,3,4}, {0,1,2,3}, {0,1,2},
{4,5}, {3}, {4}, {5}; o1, {0,1,2,3,4,5}, {0,1,2,3,4}, {0,1,2,3}, {0,1,2}, {3,4,5}, {0,1}, {2,3}, {4.,5};
where, {0,1,2,3,4,5} indicates that PRBs with identifiers 0, 1, 2, 3, 4, 5 in the narrow band are all

occupied when being scheduled.

In an embodiment, a resource allocation domain of the multiple shared channels is indicated that,
in a case where the first mode is adopted, the resource allocation domain occupies 4 bits, and
includes at least one of the following scheduling states: {0,1,2,3,4,5}, {0,1,2,3,4}, {0,1,2,3},
{0,1,2}, {3,4,5}, {0,1}, {2,3}, {4,5}, {0}, {1}, {2}, {3}, {4}, {5}, {1,2,3,4,5}, {2,3,4,5}.

In an embodiment, a resource allocation domain of the multiple shared channels is indicated that,
in a case where the second mode is adopted, the resource allocation domain occupies one bit,
includes a scheduling state in which the number of corresponding PRBs is 1 and a scheduling

state in which the number of corresponding PRBs is 2.

In an embodiment, a resource allocation domain of multiple shared channels is indicated that, in
a case where the second mode is adopted, the resource allocation domain occupies two bits, and

includes a scheduling state in which the number of corresponding PRBs is 2 and a scheduling
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state in which the number of corresponding PRBs is 1, and the scheduling states include one of

the following: {4}, {5}, {0,1}, {2,3}.

FIG. 3 is a schematic structural diagram of a device according to an embodiment of the present
application. As shown in FIG. 3, the device according to the present application includes a
processor 310 and a memory 320. The device may include one or more processors 310, and one
processor 310 is taken as an example in FIG. 3. The device may include one or more memories
320, and one memory 320 is taken as an example in FIG. 3. The processor 310 and the memory
320 in the device can be connected through a bus or other means; and in FIG. 3 a bus is taken as

an example. In an embodiment, the device may be one of a base station or UE.

As a computer-readable storage medium, the memory 320 may be configured to store a software
program, a computer-executable program and a module, as the program instructions/modules
corresponding to the device in any embodiment of the present application (e.g., the scheduling
module in the scheduling indication apparatus). The memory 320 may include a program storage
area and a data storage area, where the program storage area may store an operating system and
an application program required by at least one function; The data storage area can store data
created according to the use of the device, and etc. Further, the memory 320 may include a high-
speed random access memory, and may further include a non-volatile memory, such as at least
one magnetic disk storage apparatus, a flash memory device, or other non-volatile solid-state
storage apparatus. In some examples, the memory 320 may include a memory remotely provided
with respect to the processor 310, and these remote memories may be connected to the device
through a network. Examples of the aforementioned network include, but are not limited to, the
internet, corporate intranets, local area networks, mobile communication networks, and

combinations thereof.

The above-provided device can be configured to execute the scheduling indication method
according to any of the above-described embodiments, and has corresponding functions and

effects.

It is further provided according to an embodiment of the present application a storage medium
including a non-transitory computer-executable instruction, the computer-executable instruction
is configured to perform a scheduling indication method when executed by a computer processor,
the method is applied to a base station or a UE, and the method includes scheduling multiple
shared channels through a single physical downlink control channel (PDCCH); where scheduling

information is carried in the single PDCCH, and is used to indicate scheduling for processes
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corresponding to the multiple shared channels, the multiple shared channels include a PUSCH

and/or a PDSCH.

The term user equipment encompasses any appropriate type of radio user device, such as a mobile
phone, a portable data processing apparatus, a portable web browser, or a vehicle-mounted mobile

station.

In general, the various embodiments of the present application may be implemented in hardware
or a dedicated circuit, software, logic, or any combination thereof. For example, some aspects
may be implemented in hardware while other aspects may be implemented in firmware or
software that may be executed by a controller, a microprocessor, or other computing apparatuses,

although the present application is not limited thereto.

Embodiments of the present application may be implemented by a data processor of a mobile
apparatus executing computer program instructions, for example, in a processor entity, or
embodiments of the present application may be implemented by hardware, or by a combination
of software and hardware. The computer program instructions may be assembly instructions,
instruction set architecture (ISA) instructions, machine instructions, machine-related instructions,
micro-codes, firmware instructions, state setting data, or source codes or object codes written in

any combination of one or more programming languages.

The block diagrams of any logic flow in drawings of the present application may represent
program steps, or may represent interconnected logic circuits, modules, and functions, or may
represent a combination of program steps, logic circuits, modules, and functions. The computer
programs may be stored in a memory. The memory may be of any type suitable for a local
technical environment and may be implemented using any suitable data storage technology, such
as, but not limited to, a read-only memory (ROM), a random-access memory (RAM) and an
optical memory apparatus and system (digital video disc (DVD) or compact disc (CD)). The
computer-readable storage medium may include a non-transitory storage medium. The data
processor may be of any type appropriate for the local technical environment such as, but not
limited to, a general-purpose computer, a special purpose computer, a microprocessor, a digital
signal processor (DSP), an application specific integrated circuit (ASIC), a field-programmable

gate array (FPGA), and a processor based on a multi-core processor architecture.
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What is claimed is:
1. A scheduling indication method, comprising:

scheduling a plurality of shared channels through a single physical downlink control channel
(PDCCH);

wherein scheduling information is carried in the single PDCCH, and is used to indicate
scheduling for processes corresponding to the plurality of shared channels, the plurality of
shared channels comprise at least one of a physical uplink shared channel (PUSCH) and a
physical downlink shared channel (PDSCH);

wherein the scheduling information comprises process identification information and new

data indication (NDI) information corresponding to processes;

wherein the process identification information is used to indicate index information of
scheduled processes, or is used to indicate a start position of indexes of scheduled processes

and process number information;

wherein the maximum number of processes scheduled through downlink control information
(DC)) is H, the scheduling information is X bits, and the scheduling information is used to
indicate an index M of scheduling state; and

wherein values of M are determined according to at least process identification information

of scheduled processes and NDI information corresponding to the scheduled processes; and

wherein the value of M is determined according to at least process identification information
of currently scheduled processes and NDI information corresponding to the currently
scheduled processes, comprising:

the value of M is increased in accordance with the number of scheduled processes increasing;
or, the values of M are increased in accordance with a start position of scheduled processes

increasing.

2. The method according to claim 1, wherein the scheduling information comprises
information for indicating scheduling for a single process or for a plurality of processes,
process identification information, and NDI information corresponding to processes.

3. The method according to claim 1, wherein the scheduling information comprises process
number identification information, process identification information and NDI information
corresponding to processes, and wherein the process number identification information is
used to indicate that a number of scheduled processes is greater than a threshold z or a

number of scheduled process is less than or equal to a threshold z, and the process
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identification information is used to indicate index information of scheduled processes, or a

start position of indexes of scheduled processes and process number information.

4. The method according to claim 1, wherein the scheduling information comprises
information for indicating scheduling for a hybrid transport or a non-hybrid transport,
process identification information and NDI information corresponding to processes, and
wherein the non-hybrid transport scheduling refers to that scheduled processes correspond to
same NDI information, and the hybrid transport scheduling refers to that the NDI
information corresponding to the scheduled processes is not completely the same; the
process identification information is used to indicate index information of scheduled
processes, or a start position of indexes of scheduled processes and process number

information.

5. The method according to claim 2, wherein the scheduling information comprises 1 bit
information for indicating scheduling for a single process or for a plurality of processes; and

in a case where the 1 bit information indicates scheduling for a plurality of processes, j bits
in X-1 bits are used to indicate NDI information corresponding to j processes, X-1-j bits in
the X-1 bits are used to indicate process identification information, X is a number of bits of

the scheduling information, and j is a number of scheduled processes.

6. The method according to claim 5, wherein in a case of X=10, the scheduling state

indicated comprises one of:

in a case where a number of scheduled processes is 8, 1 bit, for process identification

information, in 9 bits is indicated as x, and 8 bits for NDI correspond to 8 processes, the 8
XX XX X, XXX
processes comprising =~ 0717273746

in a case where a number of scheduled processes is 7, 2 bits for process identification

information in the 9 bits are indicated as ~x, x, and 7 bits for NDI correspond to 7 processes,
XX XX X, XX X, X, X, X, XX, X
the 7 processes comprising ~07172737475T6 op 124NN

in a case where a number of scheduled processes is 6, 3 bits, for process identification

information, in the 9 bits are indicated as ~x, ~X, x, and 6 bits for NDI correspond to 6
XXXy X Xy X X X XX, X X Xy X3 X, X X X
processes, the 6 processes comprising =~ 07172734 1 TIT2IITATST6 g T340

in a case where a number of scheduled processes is 5, 4 bits, for process identification

information, in the 9 bits are indicated as ~Xx, ~x, ~X, X, and 5 bits for NDI correspond to 5

.. Xy X, X, X X XX, X, X, X X, X3 X, X X,
processes, the 5 processes comprising: 07172734 1 TIT2TITATS L T2TITATSTG
Xy X XXXy |

b
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in a case where a number of scheduled processes is 4, 5 bits, for process identification

information, in the 9 bits are indicated as ~x, ~x, ~X, ~x, X, and 4 bits for NDI correspond to

XoX\ Xo Xy X X0X3X,  XpX3X,Xs  XyXu XX
b b b

4 processes, the 4 processes comprising: or

X, XXX |
b

in a case where a number of scheduled processes is 3, 6 bits, for process identification
information, in the 9 bits are indicated as ~x, ~X, ~X, ~X, ~X, X, and 3 bits for NDI correspond

.. X XXy XXXy XoXoX, XX, Xe XXX
to 3 processes, the 3 processes comprising: “07172 ) 717273 0 23T L3S LOATST6 o

XsXeX7 .

>

in a case where a number of scheduled processes is 2, 7 bits, for process identification

information, in the 9 bits are indicated as ~X, ~X, ~X, ~X, ~X, ~X, X, O ~X, ~X, ~X, ~X, ~X, ~X,

: . XX, XX
~X, and 2 bits for NDI correspond to 2 processes, the 2 processes comprising: ~071, “172
Xy Xy ’ XX, ’ X4 X5 ’ XsXs op XeX7  and

. €{0,1 . X Xis Xy Xgs Xy Xss X5 X .
wherein x { ’ }, ~x denotes a negative x, ~0’TPT22T32TTSIT62TT pegpectively

correspond to NDI information corresponding to a process with a process identifier as 0,
NDI information corresponding to a process with a process identifier as 1, NDI information
corresponding to a process with a process identifier as 2, NDI information corresponding to a
process with a process identifier as 3, NDI information corresponding to a process with a
process identifier as 4, NDI information corresponding to a process with a process identifier
as 5, NDI information corresponding to a process with a process identifier as 6, and NDI
information corresponding to a process with a process identifier as 7, and each of

Xos Xy s Xy s X3, Xy, Xs, X, X7 € 10,1}

7. The method according to claim 5, wherein the maximum number of processes scheduled
through DCI is 4, the scheduling information is 6 bits, and wherein 5 bits in the 6 bits are
used to indicate process identification information of scheduling for a plurality of processes
and NDI information corresponding to processes, the scheduling state indicated by the 5 bits

comprises at least one of:

in a case where a number of scheduled processes is 4, 1 bit, for process identification

information, in the 5 bits is indicated as x, 4 bits for NDI correspond to 4 processes, the 4

XXX, X,
processes comprising ;

in a case where a number of scheduled processes is 3, 2 bits, for process identification

information, in the 5 bits are indicated as ~x, x, 3 bits for NDI correspond to 3 processes, the
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L XXX X, X, X
3 processes comprising “ 07172 or 17273,

in a case where a number of scheduled processes is 2, 3 bits, for process identification
information, in the 5 bits are indicated as ~x, ~X ~X or ~X, ~X, X, 2 bits for NDI correspond to

XX XXy Xy X3,
9 b

2 processes, the 2 processes comprising or

€ {0,1}’

. . X .
wherein, x ~x denotes negative X, Yo A Y2and respectively correspond to
NDI information corresponding to a process with a process identifier as 0, NDI information
corresponding to a process with a process identifier as 1, NDI information corresponding to a

process with a process identifier as 2 and NDI information corresponding to a process with a

. . x, X X X
process identifier as 3, each of 0, "1 72 73 € {0’1}.

8. The method according to claim 2, wherein the scheduling information indicates scheduling
for a plurality of process, and the scheduling information further comprises information used
to indicate scheduling for a hybrid transport scheduling or a non-hybrid transport scheduling;
or, wherein the scheduling information further comprises process number identification
information, and the process number identification information is used to indicate that a
number of scheduled processes is greater than a threshold z or a number of scheduled

processes is less than or equal to the threshold z.
9. The method according to claim 1, further comprising:

indicating an MCS domain of the plurality of shared channels, wherein an MCS domain
corresponding to a case of scheduling for the plurality of shared channels enabled is 2 bits
less than an MCS domain corresponding to a case of scheduling for the plurality of shared

channels disabled; and

indexes of the MCS domain corresponding to a case of scheduling for the plurality of shared
channels enabled are selected from indexes of an MCS domain corresponding to a case of
scheduling for the plurality of shared channels disabled, wherein a selection principle is

Lyes = P*n+0 , Lics i o ,
Mcs , P, O and n are all integers, and “# is an integer with a value range from 0

to 15.

10. The method according to claim 9, wherein

in a case where P=2, Tyes = 2n+Q, and Qs at least one of 1, 3, 5,7, 9; or,

Lyes =3n+0

in a case where P=3, ,and Q is at least one of -3, 0, 3, 6, 9; or,
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wes =4n+0

in a case where P=4, J ,and Q is at least one of -1, 3, 7; or,

in a case where P=5, Qis 0, andfues =7

11. The method according to claim 1, further comprising:

indicating a resource allocation domain of the plurality of shared channels; wherein a first
mode is adopted, and the resource allocation domain occupies 1 bit, and comprises a state in
which the number of corresponding physical resource blocks (PRB) is 6 and a state in which

the number of corresponding PRBs is 4.

12. The method according to claim 1, further comprising:

determining positions of gaps, wherein, a gap is inserted every first preset subframes, a
number of the first preset subframes is determined according to an interleaving granularity of
transport blocks (TB), a number of scheduled TBs, and a preset threshold value, and the

number of the first preset subframes is calculated through the following formular:

G*]VTBﬂ< @ G*NTB* @
G*Npy | o, G*N, |.

B
>

wherein, G is the interleaving granularity, Nag represents a number of scheduled TBs, @ is

the preset threshold, l_ -| is round up, and L —| is round down.
13. The method according to claim 1, further comprising:

determining positions of gaps, wherein a gap is inserted every second preset subframes, a
number of the second preset subframes is determined according to a number of scheduled
TBs, a number of repeat times of TBs, and a number of the inserted gaps, the number of the

second preset subframes is calculated through the following formular:

R
NTB*F

>

wherein, Nig represents a number of scheduled TBs, R is a number of repeat times of TBs,
*
2 1< BNy
n satisfies o , O isa preset threshold, the number of the inserted gaps

is 2"-1, and # is an integer.
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14. The method according to claim 1, further comprising:

determining positions of gaps, wherein, a number of the inserted gaps is configured through
a radio resource control (RRC) signal, and the positions of the gaps are obtained according to

the configured number of the inserted gaps.

15. A scheduling indication apparatus, comprising:

a scheduling module configured to schedule a plurality of shared channels through a single
physical downlink control channel (PDCCH);

wherein the scheduling information is carried in the single PDCCH to indicate scheduling for
processes corresponding to the plurality of shared channels, the plurality of shared channels
comprise at least one of a physical uplink shared channel (PUSCH) and a physical downlink
shared channel (PDSCH);

wherein the scheduling information comprises process identification information and new

data indication (NDI) information corresponding to processes;

wherein the process identification information is used to indicate index information of
scheduled processes, or is used to indicate a start position of indexes of scheduled processes

and process number information;

wherein the maximum number of processes scheduled through downlink control information
(DC)) is H, the scheduling information is X bits, and the scheduling information is used to
indicate an index M of scheduling state; and

wherein values of M are determined according to at least process identification information

of scheduled processes and NDI information corresponding to the scheduled processes; and

wherein the value of M is determined according to at least process identification information
of currently scheduled processes and NDI information corresponding to the currently

scheduled processes, comprising:

the value of M is increased in accordance with the number of scheduled processes increasing;
or, the value of M is increased in accordance with a start position of scheduled processes

increasing.

16. A non-transitory computer-readable storage medium storing a computer program,

wherein the computer program, when executed by a processor, implements:

scheduling a plurality of shared channels through a single physical downlink control channel
(PDCCH);
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wherein the scheduling information is carried in the single PDCCH to indicate scheduling for
processes corresponding to the plurality of shared channels, the plurality of shared channels
comprise at least one of a physical uplink shared channel (PUSCH) and a physical downlink
shared channel (PDSCH);

wherein the scheduling information comprises process identification information and new

data indication (NDI) information corresponding to processes;

wherein the process identification information is used to indicate index information of
scheduled processes, or is used to indicate a start position of indexes of scheduled processes

and process number information;

wherein the maximum number of processes scheduled through downlink control information
(DCI) is H, the scheduling information is X bits, and the scheduling information is used to

indicate an index M of scheduling state; and

wherein values of M are determined according to at least process identification information

of scheduled processes and NDI information corresponding to the scheduled processes; and

wherein the value of M is determined according to at least process identification information
of currently scheduled processes and NDI information corresponding to the currently

scheduled processes, comprising:

the value of M is increased in accordance with the number of scheduled processes increasing;
or, the value of M is increased in accordance with a start position of scheduled processes
increasing.
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