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Abstract

A method for efficiently transmitting and receiving control information through a Physical
Downlink Control Channel (PDCCH) is ‘provided. When a User Equipment (UE) receives
control information through a PDCCH, the received control information is set to be decoded n
units of search spaces, each having a speeific start position in the specific subframe. Hete, a
modulo operation according to a predetermined first constant value (D) is performed on an input
value to calculate a first result value, and a modulo opetation according o a predetermined first
variable value (C) corresponding to the number of candidate start positions that can be used as
the specific start position is performed on the calculated first result value to calculate 2 second
result value and an index postion corresponding to the sccond result value is used as the specific

start position. Transmitting control information in this manner enables a plurality of UEs to
¢fficiently receive PDCCHs without collisions.
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[DESCRIPTION]
[Tnvention Titlel

METHOD FOR TRANSMITTING AND RECEIVING CONTROL

INFORMATION THROQUBH PDCCH

8 [Technical Field]

The present invention relates to mobile comunicarion
technologies, and more particularly, to a method for
efficiently transmitting and receiving control information

through a Physical Downlink Control Channel (PDCCH).

10 [Background Art]

The following description can be applied to various
mobilé communication methods. However, a description will
be given, particularly with reference to Third Generation

Partnership Project ZLong Term Evelution (3GPR LIE)

15 technologies.
3GPP LTE is a project for inproving the UMTS mobile
gtation standard to cope with future technology development
in the Third Gemeration Partnership Project (3GPF). 3GFP
LTE has evolved to Release 8 which is an improved version
20 of tha 3GFP atar.zdard.

In +the 3GPP LTE commnileation aystem, various
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2

channels are defined for wuplink and downlink in the
physical layer used in actual gignal transmission. For
example, & Fhysical Uplink Shared Channel (PUSCH), a
Physical Uplink Control Channel (PUCCH), and a FPhysical

5 Random Accesg Channel (PRACH) are .dafined as uplink
physical chamnels, and a Physical Downlink Shared Channel
(PDSCH), a Fhysical Multicast Chammel (PMCH), a Physical
Broadcast Channel ({(PBCH), & ©Phyeical Control Format
Indicator Channel (PCFICH), a Physical Downlink Control

10 Channel (BDCCH), and a Physical Hybrid ARQ (HARQ) Indicator
Channel (PHICH) are defined as downlink physical channela.
In the following description, the word “physical” will be
omitted for easme of explanation unless the omission causes
confuaing,

15 Among the various channels, the PDCCH earxrves to
transmikt scheduling allocation control inforﬁation and
other gontrol information. In a cellular communication
gystem in which one base station {(or Node-B) controls a
plurality of User Equipments (UEs) ox (mobile stations),

20 multiple UEs can receive contral information through a
PDCCH kransmitted from the base station, Here, since there
ig a limit to the number of PDCCHs that the base station
;an transmit at once, the base station does not previously

allocate different PDCCHs to each UE but transmits confrol

CA 3076173 2020-03-18



3

information through an arbitrary PDCCH te an arbitrary UE
at each time., Thug, the UE determines whether or not
control information received through the PDCCH belongs to
the UE based on a UE identifier imcluded in the FDCCH. A&t

5 each time, the UE performs decoding on each of a plurality
of PDCCHs (for a plurality of possible PDCCH formats) and
raceives, when it ip determined that the PDCCH corresponds
to the UE, e¢ontrol information ineluded in the PDCCH and
operates according te the control information,

10 However, the number of combinationz of PDCCH, regions
for transmission of control information may be great.
Excesgive UE processing performance may be requived for the
UE to decode all FDCCH xegiens, Accordingly,” there is a
need to limit PDCCH regiong te be decoded by each UE to

16 reduce the number of times the UE performs decoding and

thus to reduce power consumption of the UE.

[Disclosure]
[Technical Problem) .

An object of the present invention devised to solve
20 the problem lies in providing a techneology fér efficiantly
transmitting and receiving control information through a

Physical Downlink Control Channel {PDCOCH).

Another object @f the present invention devised to
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polve the problem lies in providing a techneolegy for
efificiently setting a different start position of a search
gpace for each UE in order to transmit and receive control

information to and from each UY through a different search

5 @apace.

[Teghnical Solution]

The object of the present invention can be achieved
by providing a method for a User Bquipment (UE) to receive
contropl inforwation through a Physical Downlink Control

10 Channel (BDCCH), the method including recelving control
information from a base station through a PDCCH in unitsg of
Control Chamnnel Element (CCE) aggregations, each ineluding
at least one CCE in & control xegien of a specific
subframe; and decoding the received control information in

15 unite of search space in the specific subframe, wherein a
meduls  oparation acoording to a predetermined EirstC
constant value (R} is performed on an 4input value to
calculate a f£irst result value, and a modulo operation
aceording to a predetermined first variable value (Q)

20 defined by the eaguation of

C= floor(N yop Loy )

is performed on a value corresponds to tha calculated first

CA 3076173 2020-03-18



5

result value to calculate a second result value and the
search space starte with an index position cotrresponding to
the second zresult value (where Ngs reprasents the total
number of CCEs in the specific subframe, and Lger is the
5 number of CCEe included in the CCE aggregation, and
floor(x) is a largest integer that is egual to or lese than

%) .
In ancther aspect of the present invention, provided
hersin is a method for a base station to trangmit conkrol
10 information through a ©Physical Downlink Contrel Channel
. (PDCCH), the method ineluding transmitting control
information for a gpacific User Equipment (UE} through a
PDCCH in units of Control Channel Element (CCE)
aggregationg, each including at least one CCE in a control
15 region of - a sppeeific subframe, wherein the control
information for the specific UE is transmitted in units of
search space in cthe spe¢ific subframe, and wherein a modulo
operation according to a predetermined first constant value
{D) is performed on an input value to calculate a Eirst
20 result wvalue, and a modulo operatlon agcording to a

predaterninad f£irst wvarieble wvalus {C) defined by the

equation of

C = floor(N yeg | Ly )
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iﬁ performed on a value corresponds to the c¢alculated first
result value to calculate a second result value and the
search space starts with am index position gorrasponding O
the second result value.

5 In the above methods, preferably, the first constant
valus (D)} is predetermined to be higher than the first
variable value ().

In addition, it may be advantageous that the input
value for a “k+17th subframe is set to correspond to the

10 first result value for a “k"th subframe, where “k” is a

non-negative integer,

Oon the other hand, in the above methods, an
identification information wvalue of the UE may be used
for the input value for a lst subframe.

16 In addition, the first result value may be
calculated by multiplying +the input wvalue by a
predetarminad gecond constant value (A}, adding =&
predetermined third constant value (B), which result in a
intermediate walue, and performing the medulo operation

20 acceording to the first constant wvalue (D) on the
intermediate valua,

In this case, preferably, the first constant value
(D}, the second constant wvalue (A), and the third

censtant value (B) are £5537, 39827, and 0, respsctively.

CA 3076173 2020-03-18



In an embodiment of the present invention, when the
specific aubframe is the “k“th subframe, ‘the first
constant value is “D”, and the first copstant wvalue is
“C”, +the search space starts with a speclfic start

5 position 2Zx in the “k“th subframe, the specific start
position 2y in the “k“th subframe is set as an index
position corresponding te a value determined Dby
Z, =[(d -y, +B)mod DImodC and y,=(4'y,, +8)modD, where A and B
denote predetermined constant values and “k” denotes a

10  gubframe index.

In this case, the first constant value “D* may be
65537, and the predetermined constant values “A” and “B”
may be 39827 and 0, respactively.

Here, the index position corresponding to the

15 determined value may correspond to 2 start position of a
CCF  aggregation corresponding to the determined value
under the assumption that indices are assigned on a CCE

aggregatlon basis.

{advantageous Bffectsl

20 According to the embodiments of the present inventien
described above, it is possible to sfficiently transmit and
receive conkbrol information through & Physical Downlink

Control Channal (EDCCH).

CA 3076173 2020-03-18



Specifically, a different start position of a search
space ¢an be set for sach UE go that control information
can be transmitted and received to and from each UR through

a differant pearch zpace.

5 [Dascription of Drawingal
The accompanying drawings, which are dincluded to
provide a further understanding of the inventien,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the
10 inventicn.
In the drawings:
FIG. 1 illustrates an exampls of a CCE aygregation
through which cne PDCCH can be transmitted.
FIG. 2 illustrates all possible decoding regions that
15  the UE needs to attempt to deccde taking into considaration
the CCE aggrcgation level.
FIC. 1 {llustrates an example wharein two Qifferent
Uks have different decoding regilons under a gpecific CCE
aggregation level conditien,
20 FIG. 4 illuatrates the principle vi a generator that
generates identification dependent randomization numbers
according to an embodiment of the present invention,

Figs. 5 and & illygtrate an example whexein a part of

CA 3076173 2020-03-18
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a binary sequence generated by the gencrator is selected as
an initial Valué according to an embhodiment of the present
invention.
FIG. 7 illustrates a frame structure in the 3GPP LTE
5 system for explaining an example in which a communication
system operates at regular intervals
FIGs. 8 and ¢ 1llustrate a method for creating an
initial value used to gemerate a start position of a PDCCH
search gpace using a UE ID and a subframe number according
10 to an embodiment of the present invention.
FIG. 10 illustrates an example wherein one of two UEs
having different CCE aggregation levels fails‘to recelve a
PDCCH destined for the UE due to a PDCCH destined for the
other UE.,
15 FIGe, 11 and 12 illustrate examples where a UE ID, a
gubfirame number, and a CCE aggregation level are used to

¢reate an Initial value according to an embodiment of the

pregent invention.

FIGE, 13 and 14 1llustrate examples where an initial
20 wvalue used to calculate a start position of a PDCCH search
space ig created using a UE ID and a CUE aggregation level

accoxding to an embodiment of the present invention.
FIG. 15 illustrates the concept of the number of hits

used for determining performance when parameter values are

CA 3076173 2020-03-18



10

calsulated according to an cembodiment of the preeent

invention.

[Best Model

Reference will now be made in detail to the preferred
5 embodiments of the present invention with reference to the
accompanying drawings, The detailed description, which
will be given below with reference to the accompanying
drawings, is intended to explain exemplary embodiments of
the pregent invention, rather than to show the only
10 embodiments that can be iwplemented according to the
invention. The following detailed description includes
gpecific detalls 1n order to provide a ‘thorough
understanding of the present invention. However, it will
be apparent to those egkilled in the art that the preséent
15 invention may be practiced without such specific details.
In some inatances, known structuraes and devices are
omitted or are ghown in block diagram form, focusing on
important features of the structures and devices, so as not
to obscure the concept of the present invention. The same
20 refereace numbers will be: used throughout  this
gpecification to refer to the same or like parta.
When a UE decodes all PDCCH regions, the complexity

of the UE and battery conaumpticn gre increased. Therefore,

CA 3076173 2020-03-18



11
it is necessary to speclfy a PDCCH decoding reglom for each
UE. To accomplish this, there is 2 need to study in more

detail a resource space through which the PDCCH is

transmitted.
5 2 PDCCH can be tramsmitted through a CCE aggregation
including cne or more Control Channel Elements (CCEg). In

addition, a plurality of PDCCHe c¢an be transmitted in ene

subframe, Here, the bterm “CCE” refers to a resource unlt

for transmigsion of control information, which 1s a unit

10 eoxresponding to a specific number of resource elements in

the resgurce gpace. A detailed description of the concept

of the CCE 1s omitted herein mince it is apparent to those
skilled in the art.

PDCCH formats can be claszified as follows according

15 to the size of a CCE aggregation used for PDCCH

transmisnion as described above.

TABLE 1
PDCCH Loxmat Number of CCEg
0 1
3 4
2 4
3 2]

FIG, 1 illustrates an example of a CCE aggregaticn
20  through which one PDCCH ¢an he transmitted.
The term “Total Number of CCEs” in FIG., 1 refers to

the nunber of CCEs included in one subframe. However, the

CA 3076173 2020-03-18
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number of CCEs included in one subframe may vary accolrding
to eystem requiremente. In FIG. 1, a reference numeral
“100# denotes a format (PDCCH format 1 in Table 1) in which
one PDECH is transmitted through one COCE, a rxeference

§ mnumeral "200” denotes a format (PDCCH format 2 in Table 1)
in which ones DDCCH is transmitted through 2 CCEs, a
reference numeral “300” denotes a Format (PDCCH format 3 in
Table 1) in which one PDCCH is transmitted through 4 CCEs,
and a reference numeral “4007 dénotes a format (PDCCH

10 format 4 in Table 1) in wnicﬁ ane PDCCH iz transmitted
through 8 CCBEs.

That 15, as sghown in FIG. 1, the size eof a CCE
aggregation wsed to Lrangmit one PDCCH may vary depending
on channel enviromments ¢f each UE as shown in FIG. 1. In

15 the following description, the number of CCBs used to
transmit one PDCCH will be referred to as % YCCR
aggregation level’. Thus, when each UE decodes a PDCCH,
the UE wmust determine the size of a deceding regiom for
each CCE aggregation.level.

20 FIG, 2 illustrates all possible decoding regions that
the UE needs to attempt to decode taking into conaideration
the CCE aggregation level.

The number of all pessible decoding regione that a UB

needs to attempt to decode according to a CCE aggregation

CA 3076173 2020-03-18
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level set in the asystem may be too great as c¢an be seen
from FIG. 2. Therefore, it is preferable that a region (a
combination of CCE aggregations through which the 'base
station may havé transmitted a PDCCH te the UE} that the UE
5 needs to attempt to decode be presat for each UE to limit
the number of times the TUE has £o decode in order to
recelve a PDCCH.
However, the following must be considered when the
PDCCH decoding region is limited. If all different UEs
10 decode the same limited PDCCH deccding regilen, the base
gtation must transmit PDCCHa to aAll UEs only through the
limited region. Thus, thé number of UEs that are
simultaneously controllable is rgstricted singe the base
station transmits PDCCHs only through the limited region
15 instead of using all available CCRs,

' This restriction can be removed if different PDCCH
decoding regions (or spaces) are allocatad to different UBs.
That i1s, the base skation can more eﬁlf.iciently trangmit
PDCCHs to a numbex of UBs as the n.um.'ber of UBm which do not

20 have an overlapping PDCCH decoding region increases.
FIG. 2 illustrates an example wherein two different
UEs have different decoding regions under a apecific CCE
aggregation level condition.

In the following description, a ragion that each UE

CA 3076173 2020-03-18
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needs to attempt to decode to receive a FDCCH is referred
to as a “search space”, In the example of FIG. 3, both a
UE 1 and a UE 2 have a CCE aggregation level 1 but have
different decoding search spaces. That 1s, the base

5 station can simultaneously transmit a PDCCH to the UEl and
the UE2 since the decod:i.hg gearch gpaces do not overlap as
ghown in FIG. 3.

The £ollowing wmethods can be employed to set &
different search space to each UE.

10 In the first method, & search space having a
differynt start point (or start positdon) and a
rredetermined mumber of CCEa arranged starting from the
atart point is allecated to each UE ao that each UE has a
different search space,

15 In the secsond method, a search space having a
different sté.rt point and a predetermined numbaer of CCEs
arranged at regular intervals starting from the start polnt
is =mllocated to each UE so that each UE has a different
search space.

20 These two methods are gimilar in that the overlapping
PDCCH daeodiﬁg reglon can be reduced if the search space of
each UE has a different start position. Accordingly, an
embodiment of the present invention suggestsa that different

UE mearch spaces be set to have diffarent start positions

CA 3076173 2020-03-18
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as described above to minimize overlapping of search spacss
that UEs need to attempt to decode in order to receive a
PDCCH. Reducing overlapping of PDCCH decoding regions in
this manner increases the number of UBs to which the bage

5 station can simultaneously tranemit control information
through saheduling.

An embodiment of the present invemtion suggeste that
a UE identification number that enables identification of
#ach UE from egach other be used to generate a different

10 start position value for each UE ag described above. It is
preferable that as many dlfferent values (or numbers) as
possible be generated for UEs. <Thus, each generated value
will be retferred to as an ‘“identification dependent
randomlzation numban’.

19 FIG, 4 illustrates the principls of a generator that
generates ldentification dependent randomization numbers
according to an embodimant of ‘the presant invention.

specifically, a generator 401 recelves an input value
% and generates an output valus Z; or an output segquence 4

20 according to a generation parameter set {Kp, Ko, ... Ky} of
the generator 401, Although the number of parameters used
in the generator is L+l in the example of FIG. 4, the
number and type of the used parameters may vary and will be

described in more detail in each embodiment of the present

CA 3076173 2020-03-18



18
inventien desaribhed below.

The value generated by the gensrator 401 may ke a
binary seguence or may be an integer value into which all
or part of the binary sequence iz converted.

5 FIGy, 5 and § i1llustrate an example wherein a part of
a binary segquence generated by the generator is selected as
an initial value according to an eﬁbodiment of the present
invention.

That ie, as shown in ¥IG. 5, an M-langth binary value

10 for use a5 an identification dependent randomization aumber
can be gelected from a P-length binary saquence gsenerated
by the generator 401 described above with reference to FIG.
4. According to this embodiment, a4 oumber of
ldentification dependent randomlzation numbers can be

15 génerated aftar a hinary sequence is generated from a
specifie initial value. That i, as shown in FIG. 6,
partial ‘hinary sequences that do not overlap can be
gelected f£rom the Dhihary sequence gdenerated by the
generator 401 and a number of ldentification dependent

20 randomization numbers can then ba generated from the
selected binary seguences. Although X ddentification
dependent randomization numbers are generated in the
example of FI¢. 6, the present invention is mot necessarily

limited to this sxample.
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Wnen the M-length hinary sequence selected for
¢aleulating an identification dependent randemization
number is represented by {Jy, 5, Mo}, this can be used to
convert the identification dependent randomization number

8 (i.e., the start position information) into an integer

value 3.

MATHEMATICAL EXPRESSION 1

M=l M~
Z, =(Z2' -ﬁ,)modc Z, =(22M"" »j»,)modC
=) oR =0
M-t M=l
nm) 2 H =3 24,
1=0 =0

Here, it im assumad that a subgeript “k” rep;:esants a

10 subframe index and “C" is defined ag the number of

. candidate positic;ns that ¢an be wped as staxt positions.

That 1is, Mathematical Expression 1 represents that a

specific-length binary sequence selected from a binary

Bequenca generated by the generater is converted into an

15 integer value and the integer value is modded with the

nuriber of all posseible initial positions "C’ to generate a
start position value,

Bpecifically, in an embodiment o¢f the preszent

invention, the wvalue "C" for a PpPDCCH tgo he currently

20 received can ba set to be egual to a valus obtalned by

dividing the total number of physical CCE$ by a CCE

aggregation level (for exampls, 1, Z, 4, or 8) whicHh is the

CA 3076173 2020-03-18
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numbex of CCE aggregations that can be used to tranemit one
PDCCH. If the total number of physical CCEs that can be
used for PDCCH transmission is indivisible by the number of
CCE¢ belonging to one PRCCH, the value “¢" can he quantized
to the number of possible candidate positions based on the
above principle, Specifically, this embodiment suggests
that the value “C” be cbtained using the following egquaktion,

MATHEMATICAL EXPRESSION 2

C= floor(Neey { Loge) +

where "“floo¥(x)” represents a function to guantize
*x” £o & largept integer that iz equal to .or less than “x”,
Neez represents the total number of CCEs in a specific
subframe, and Lee is the mubar of CCEs that are used to
transmit one PDCCH.

On the other hand, the generator 401 1llustrated in
FIG. 4 gencrates values having a paried P. Aceordingly, in
an embodiment ©f the prement invention, ik is taken into
consideration that P identification dependent randomization
numbers are generated through a value generated through one
initial input walue. That 1s, identification dependent
randomization numbsre may bhe generated ﬁy psrforming the
binary sequence selection and integer conversion described
above on a binary sequence generated through ome

initlalization. Alternatively, a total of P identification

2020-03-18
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dependent randomization numbers such as (Z;, Zi, Za, <.,
Zp-3} may be generated directly frem an imput initial value.

Communication systems generally operate at preset
timings and at intarvals of a preset éariod.

5 FIG. 7 illustrates a frame structure in the 3GPP LTE
gystem for explaining an example in which a communication
sygtem operates at regular intervals,

Specificaily, as shown in FIG. 7, the communication
system operates at intervals of a period of “10ms". Here,

10 the period "10ms” can bhe referred to as a radio frame. In
thisa system, cne radio frame includes 10 subframes, each
having a length of "ima’. Fach Bsubframe may have a
structure including 0.5me slots.

In the example shown in FIG. 7, when randomization

18 effects are achieved uging identification dependent
rendomization numbexs, the generated values may also be

handled at intervals of 10ms since the system illustratad

in FIQ. 7 operates at intervals of 1Oms. That is, a system
in which an identification dependent randomization number
20 is required for each subframe may be set to generate a
sequence including 10 numbers so that the same sequence is
used every period of 10ms. Alternutivel},-r, the system may
operate such that & value is generated 10 timedg every

subframe in a radio frame and values are generated in the
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20

same manner in a next radioc frame so that the asame
identification dependent randomization nuwber 1s actually
generated at intervals of l1loms.
Reference will now be made to a method in which a
§ start position fer wuge in PDCCH search ie generated
directly from an initial input valpe haged on an
identifieation pumbar. In “the following, a first
embodiment i1s described as a preferred embodiment of the
present invention and second to Sourth embodiments are
10 described as other embodimgnts that can be implemented
accerding to a similar principle,

FIRST EMBODIMENT

This embodiment suggests that a wvalue obtained by
performing a first module operation of an input valug of
15 %" with a predetermined constant value of “D" and then
parforming a second modulo operation of the resulting value
with a varlable value of *“C" corregpending to the number of
candidate start positions that can be used as start
positions is used as a search epace start pesition for
20 control information search.
Specifically, thie embodiment suggests that a start
position be determined in the following mannar,

MATHEMATYICAL EXPRESSION 3

Z, =[(4+ y, + Bymod DJmod C

CA 3076173 2020-03-18
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Y=x n=Ay,+B)modD

k=0,1,,.,P-1

More specifically, thisg embodiment suggests that an
initial value “x” be input and then be multiplied by *A¥

5 and the sum of the initial value *x" multiplied by “A* and
a conatant “D” be modded with a variable *C* to generate a
final integer as a start position value of a ssarch space.
The finally generated value Z, in Mathematigal Expression 3
indicates a start position of a PDOCH search space in a

10 subframe corresponding to an index k.

The following two methods can be used to calculate a
search gpace start position of a different subframe Erom
the subframe corregponding te the index “kr,

In the first method, for each esubframe, a diffsrent

13 initial value is input to generate a start position value.
That im, a dififerent value such as %, *¥1, ... Xk; ... 18
pequentially input as an inditial value for each subframe
having an index of k to calculate a start position Zx of a
gaarah space of tha subframa. In the second method, an

20 intermediate value generated by inputting an initilal value
1z used as an indtial wvalue for the next subframe to
generate a’ start position value, That im, a valus of Yx-z
for a subframe having an index of k-1 is used as an input

value for a subframe having an index of k.
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The above Mathematlcal Expression 3 according to this
embodimant uses the second method, Specifically, as shown
in Mathematical Expression 3, a wvalue obtained by
multiplying an intermediate value yx.. by a predetermined

5 conatant "A’, adding the internediate value yi.: multiplied
by “AY to a constant “BY, and then modding the resulting
value with a congtant ‘D" is uae;:l as an jnitial value vy,

The value corresponding to the number of candidate
start positions “¢” as defined in the above Mathematical

10 Expression 2 can also be used in this embodiment.

In this embodiment, the  purpose of performing a
modulo operation with the value "C* defined as in
Mathematical Expression 2 is to obtain an output value that
is one of the candidate start positiens. The following is

15  the reason for performing another modulo operaticn with “D*
before the module operation with “C* o obtain a value
within a deaired rémge.

Even whén values of “ax+B” arge different in
Mathematical Expression 3, there is high possibility that

20 corresponding fimnal values obtained by performing a modulo
operation of the valuas “Ax+B” with *C* are likely to be
equal if the value *¢" is amall. The possibillity that
different wvalues of “Ax+B” cause collision guch that they

produce the same final value through the modulo operation
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with the small value ~C* can be reduced by performing
another modulo operation with the predetermined constant
han LU Here, it is preferable that the predetefmined
congtant “D” be set to be higher than the wvalue “C* to

5 vreduce the peossibility that different values of “Ax+B"
cause collipion as deacribed above,

In this embodiment, it is assumed that the £inally
obtained search space start position Z: in the subframe
corresponding to the index *k* indicates a corregponding

10 cne of the indices assigned to ‘CCE aggregatlons
corresponding to the CCE aggregation lavel, That is, when
the CCE aggregation level idis "2*, i1ndices for CCE
aggregations are assigned on a 2-CCE basia. Accordingly,
the wvalue 2Z; obtained according to this embodiment

15  indicates a corresécnding one of the CCE aggregation
indices assigned as described above.

SECOND EMBODIMENT

Unlike the first embodiment, the finally obtained

search sSpace start position Z; in the subframe

20 corregponding to the index “*k” may indlcate a corresponding
CCE position based on an index assigned to each CCE rather
than an index assigned to each CCE aggregation. That is,
when the CCE aggregation lavel is 2%, a CCE aggregablen

index may be assigned on a CCE basis rather than on a 2-CCE
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basis. Accordingly, this embodiment suggests that a valua
calculated through the following eguation be used as a
start position of a EDCCH search space under the same
condition as in ‘the first embodiment.
3 MATHEMATICAL EXFRESSION 4
Z, = Lo [(4-y, + Bymod D)mod C
Yo=2%, yp=(4-y,q +Bymod D
k=0,.,P-1
When Mathematical Expression 4 1is compared with
10 Mathematical Expression 3 according to the first embodiment,
it c¢an be seen that a Ff£inmal wvalue 2 according te
Mathematical Expression 4 iz obtained by multiplying the
final wvalue Zx generated according to Mathematical
Bxpregssion 3 by Deem. That is, the wvalue calculated
13 according to Mathematical Expression 3 is multiplied by the
number of CCEBs ILew included in ome CCE aggregation
agcording to the CCE aggregation level to generate & value
That can be used as a start position of a Search space that

is alsy appropriate for a system in which indices are

20 assigned on a CCE basis,
THIRD EMBODIMENT
In the above Mathematlcal Expressions 3 and 4, it is
asgumed that k starts from “07. However, the index “k* may

also be defined to sgbkart from “-1v, in this case,
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Mathematical Expressions 3 and 4 can be expressed as
follows.
MATHEMATICAL EXPRESSION 5
Z. =, mOdLNccs,k "L.b'
5 = (4 -V )mod D
MATHEMATICAL EXPRESSION &
Zy= Lo (f mod Nogg, /L)
Y =(A-5 ) mod D
In Mathematical Expresgions 5 and &, it is assumed
10 that Y.;=Dexr#0 and npep corresponds to a UEB ID.
Specifically, Mathamatical Expression § :lez equivalent
te Mathematbtical Expression 3 with k starting from -1 and
Mathematical Expresaion 6 1s equivalent to Mathematical
Expression 4 with k starting from -1.
15 FQURTH EMBODIMENT
This embodiment s8uggeste a zecand wmathod for
calculating a start position of a PDCCH search space in
which the Eellowing egquation is used unlike those used in
the firgt to third embodiments.
20 MATHEMATICAL EAPRESSION 7
Z, =((A 2, +B-x'ymod Dymod €
That ie, thig enbodimant suggests that a start

position value be generated using a quadratic generation
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equation as ghown in Mathematical Expressicon 7 as an lnput
value, Here, the input wvalue may be used in both the
method in which a new value ig input faor esach generation of
a subframe valus and the method in which a value gensrated
& 1in a kth generation is used as an input value for a k+lth

generabion.

On the other hand, a preferred embodiment of the

present inveption suggests that a number, which is 1

greater than the largest number that the initial value may

10 hava, {i.e., a value indicating the range of numhers that

the initizl wvalue may hava) be uged ag the value ~D' in
Mathem‘atical Expragaion 7. !

In the above enbodiments, 1t is assumed that UE

identification information is used as the dinitial input

15 wvalue, However, another aapect of the prasent invention

suggests that the initial input wvalue b2 used in various

forms to enable efficient PDCCH transmipsion and detedstion.

The basic purpose of each embodiment of the present

invention is te generate a differsnt value for any specific

20 identification number, which will also be referred to asz an

“ID* for short, and thus it 1ls preferable to salact an

initial wvalue which maximizes randomization effects

according to the ID.

Since the purpose of each embodiment of the pressnt
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invention i1g to impart randemization effects of PDCCE
decoding regiong between URs and a base station end it ias
not necessary to take inte conasideration randomization
effects between base stationa, ID values for identifying
5 UEs such as UE identification nu:hhera {for example, a (-
RINI or a temporary-RNTI) can be s=lected as initial values.
Specifically, all of the following information items ox
combinations thereof ¢an be used to create initial values, |
i. UE ID
10 2. CCE aggregation Lavel {Lees)

3. Subframe Number {(or Slot Number)

According to the present invention, when a sedquence
is generated as an ID depandent random mumber gynehroncusly
with the timings of radio frames, both the methed in which

15 & start pesition value is generated uping 2 different
initial value every subframe, and the method in which a
glart poeition value ix ganerated synohronourly with the
timings of radio frames and a new ID dependent random
number is then Qenerated uging the generated start popition

20 value or the intermediate wvalue, may be employed as
described above.

. In the method im which an initial wvalue 31a input
every subframe £o generate an ID dependent random number

every subframe, the initial value must be changed every
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subframe and a diffsrent value must be generated for each

UE and therefore an initial value may be created uging a UE

ID and a subframe number {or a corresponding slot number).

It is preferable that the initial wvalue be created such
§ that a number indicating the Ug ID and a pumber indicating

the bpubframe not overlap when the dinitial value 1is

expreszed in binary form.

FIGs. 8§ and 9 illustrate a method for cgreating an
initial value used to generate a ptart positien of a PRCCH

10 search space using a UE ID and a subframe nunbey agcording
to an embodiment of the present inventien.

Specifically, as shown in FIG. 8, when the initial
value is expresmsed in binary form, the initial value can be
created such that a 16-bit UE ID 1s placed at less

15  significant bit popitions including a Least Significant Bit
(LBB} position of the binary value and a 4-bit subframe
numbar 15 placed at wmore significant bit  positions
in¢luding a Most Significant Bit (MSB) position., . The
initial value created in this manner can be expressed as

20 follows.

MATHEMATTCAL EXPRESSION &

{UE = ID}x 2 + {subframeit}x 2%

In addition, as shown in FIG. %, when the dinitial

value is expressed in binary form, the initial value can be
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created such that & UE ID is placéd at more significant bit
positiens including a Most Significant Bit (MSB) positicn
of the binary value and a subframe number 1z placed at less
significant bit positions ineluding a Least Significant Bit
5 (L8B) position. In this case, the initial value can bhe
exp‘ressad as follows,
MATHEMATICAL EKPRE_SSION 2
{UE ~ ID}yx 2* + {subframe# } x 2°
It is preferable that, when a PDCCH decoding region
10 is randomized, randomization effects of each CCE
aggregation leavel he different since the same physical CCE
may be uged even when different CCE aggregation levels are
employed.
FIG. 10 illustrates an example wherein one of two UEs
15 having different CCE aggregation levels fails to receive a

FDCCH destined for the UE due to a BDCCH destined for the

other UE.
A problem may occur if the CCE region for FDCCH
decoding is the same for 2ll UEs even though their CCE
20 aggregation levels are different. For example, if a PDCCH
dacoding reglon corresponding to ¢ aggregated CCEs for
transmitting 2 PBCCH to a UEl must alsg be used for a UE 2
when the PDCCH i3 tramemitted to the UE 1 wsing the CCE

aggregation of 8 CCEs, a PDCCK may not be able to bhe
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trangmitted to the UE 2 =since a PDCCE decoding region for
transmiseion te the UE2 ie entirely covered by the FDCCH
that uses the B aggregated CCEs.
To overcome thie problem, an embodiment of the
5 present inventlon suggests thakt a different identification
dependent randomization number be gensrated for each CCE
aggregation level. Specifigally, the embodiment of the
present invention suggests that information of each COCE
aggregation level be ineorporated into an initial value
10 used te calculate a start position of a PDCCH search space.
That is, a UE ID, a subframe number, and & CCE aggregabicn
level may be used to create the initial value.
FIGg. 11 and 12 illustrate examples where a UE ID, a
gubframe number, and a CCE aggregation level are ussd to
15 create an initial value according to an embodiment of the
present invention.

Specifically, FIG, 11 illustrates an example wharsin

tha initial wvalue includes a subframe number, a CCE
aggregation lgvel, and a UE ID at bit positioﬁs
20 eequentlally from the MSE to the LSB positions and FIG. 12
illustrates an example wherein the initial value includes a
UE ID, a CCE aggregation level, and a subframe number at
bit positions segquentially from the MSB to the LSB

poaitions. These information items may be arranged in any
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other order, provided that the initial wvalus includes all
the information iteme.
Alternatively, when the initial valuz generation
methods of the first to fifth embodiments described above
5 are used, an initial value including no subframe number may
be input Lo generate sequences synchronously with the
timings of radio framez and sequence wvalues generated in
gach subframe may then be used one by one. In this case,
the injtjal value can ba ecrsated using a combination of the
10 DUE ID and the CCE aggregation level information since thers
is no need to incerporate the subframe information inte the
initial value.
FIGs. 13 and 14 iljustrate examples where an initial
value used to caleulate a start position of a PDCCH search
15 space is ¢reated using a UE ID and a CCE aggregation level
according to an embodiment of the present invention.
Alkhough the initdal value includes a CCE aggregation
level and a UE ID at bit positions sequentially frem the
MSE to the LSB in the example of FIG, 13 and the initial
20 wvalue includes a CCE aggregation level and a UE ID at bit
positions in the reverse order in the example of FIG., 14,
the CCBE aggregation level and the UE ID way be arranged in
any ordaxr,

On the other hand, another embodiment of the present
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inventien suggests that each of the constant values A, B,
and D used in the first to fifth embodiments vary depending
oo the CCE aggregation level. Although the value C i
represented 5y a funchion of the CCE aggregation level and
5 thus varies according to circumstances, the values A, B,
and D are constants preset at transmitting and recelving
gides. However, in order to generate a different
identification dependent randomization number pattarn for
each CCE aggregation level, the values A, B, and D wmay each
10 be set to ba different for each CCE aggregation lavel,

In a special embodiment, constant values, which are
fixed regardlees of the CCE aggregation level, may be used
as the values A and D used in the first to fourth
embodiments while only the wvalue B is defined to be

15 differsant for each CCE aggregation level. This allows a
finally obtained sequence to be different for each CCE
aggregation level without asignificantly changing the
characteristice of the generated seguence.

Another possible method is te use only the UE ID as

20 an initial wvalue while especlally using £fixed, constant
valuesa as the values A, B, and D in the £irst to fLifth
ewbodiments since the value ¢ inl.mrently varies according
Lo the CCE aggregation level. It is not necessary to

define values A, B, and D that vary according to the CCE
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aggregation level in the above smbodiments since a value
randomized to gome extent is generated through a medulo
operation with the wvalue D and the finally obtained
identification dependent random nunjber may vary through the

5 modulo gperation with the value € that varies according to
the CCE aggregation level.

Reference will now be made in detail %o parameter
values of the generation equations for obtaining a stark
position of a PDCCH search space according to the first to

10 fifth embodiments described above.

Using a computer, the present inventor found some
values of the parameters A, B, and D of the generater which
are good for each method. The good values are defined as
follows and the present invantion suggests best parameter

15 values for each eearch criterion described below.

A start pogition of a PDCCH decoding region for
decoding for each CCE aggregation level is olbtalhed based
on an identification dependent randomization number. The
PDCCH decoding region should be synchronized between the

20 baee ptation and UEs and the period and rtiming of
genoration of an identification dependent randomization
number should also be synchronized between all UEs that
communicate with the bape etation. Thus, overlapping of

PDCCH dascoding regions can bs minimized if identification
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dependent raundomization numbers thak Uls having different |

UE IDa usa every subframe are different. This indicates
that, geven though  some identification  dependent
randomization numbers are egual among identificacion

5 dependent randomization numrbers generated with different UE
IDs, randomization effects can be achieved 41f the
identification dependent randomization  numbers - are
different only in a subframe in which a speecific value is

used,

10 In an embodiment of the present ilnvention, a conecept
of the “number of hite” is defined as a c¢riterion for
detexmining performance aceording to each parameter value.
Each of the UEs having different UE IDs generates
identification dependent randonization numbers

16  synchronously with radio frames and compares identification
dependent randomization pumbers used in eubframes to
determing the number of subframes which has uned the sams
value and records the determined numbsr of subframes as the
"number of hits”, Therefore, a distribution of the numbers

20 of hite with all other pobBeible UE IDs is measured for
every UE ID that can be allocated and the distribution of
the numbers of hita probabilistically determined when a

specific generation method ism used 1z sat ap one criterien

for determining performance.
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FIG. 15 illustrates the concept of the number of hits
used for determining performance whan parameter values are
caloulated according to an embodiment of fhe pregent
invention.

) That is, the enbodiment of the present invention
suggests that, since 10 subframes are inciuded in a radio
frame in the 3ICGPP LTIE as shown in FIG., 15, the number of
possible hits be determined for subframe indices of 0,
i, ..., 10 and the determined number of hite be used as a

10 probability that UEs having two different UE IDe use the
same PDCCH decoding region (l.e., as a crxiterion for
determining performance) .

On the other Hhand, an embodiment of the present
invention suggests that a distribution map @£ an

15 didentification dependent randomization number(s) that can
be generated from all input initial values that can be
generated according to the generation method with spacific
parameters A, B, and D be taken into consideration as a
second ~ericerion for detarmining performance.

20 Identification dependent randomization numbers generated
using all generation methods suggested in the present
invention are betwean 0 to -1, Tharefore, the embodiment
of the present invention suggests that a distributien of

integer values betwsen 0 to €-1 gemerated for all initial
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values thabt can be input be measured and whether or not all
generated values are as uniform as posslble then be
determined and the uniformity of the generated valuea then
be used ag a criterion for detertiining perfoxrmance.

5 In this embodiment, the following performance
indicators axe selected from performénce results., When
specifiic parameters are used in each gensration method, the
following indicators are calculated and compared. Here,
the average of values measured when the value C varies in a

10 range from 96 to 3 in determined for each of the indicators.

1. Maximum number of hita
2. Average number of hits'
3. Whether or not ID dependent randomization numbars
have been generated uniformly in a range of 0 to C-1
15 4. Variance of probabilities that wvalues batween 0 o

C-1 will be generated for determining whether or not ID
dependant pandomizaticn numbers have beén generated

uniformly in a range of 0 te C-1
First, parameter values wused in the method Ior
20 generating a atart poaition_ of & BDCCH egearch space
according to the first embodiment are described below with
reference to the above dercription.
Various valuegs can be used as copstant values A, B,

and D that are predetermined and used at the tramsmitting
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and receiving eides in the generation method according to

the firaﬁ embodiment. Thus, it is difficult to measure
performance of all possible values of A, B, and D using a
computer., Thersfore, values of A, B, and D that generally
exhibited high performance were first ceonfimmed using a
computer and respective  performance of specitic
combinations of A, B, and D was compared based on the
confirmed values.

Firét, results of performance measurement using a
computex showed that the wvalue D exhibited highest
performance when similar to the maximum value that can be
expressed by the initial value x with A and B fixed to
specific values. ' Results shown in Table 2 aré part of
performance measurement results indicating the probability
that sequences generated for different UE IDs using an
initial value created using only the UE IDa according to
the first embodiment bacoma aqual in aach subframe. The UE

ID conaists of 16 Dbits that correspond to 65526 {=2°)

values,

TABLE 2
Yarameters Probability per Numbar of Hita
A RIC|D 0 1 2 3 4 5 6 7 8 g 10
40% |7 |9 | 66536 | 95.9 [0.27 | Q.51 |0.B5 | 0,7 |0.43 |6.18 [0.0 |0,q0 | 0.4 | 0.
3 6 318 | o 2k 1% a5y | 1% 3k 48% | 7% ook {00

403 | 718 | 65536 |[89.5 | 8.40 | 0,92 |0.08 (0.0 [0.00 [0.00 [0.0 {0,00 |0.0
3 [ 0% 4% [ a% 21F | 2% 0% go% | ox A0k

409 |7 }7 | 65636 [69.5 {B.18 |1787 | 0,29 10.0 [0.01 |0.00 [0.0 [0.00 |0.0
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3 6 85% 2% 6k Tx a2t | 7% % ot | 0%

409 |7 |8 | 65536 | 96.7 |11.6 |1.,46 j0,14 (0.0 [n.00 [0.00 |0.0 [0.00
3 6 17¢% 4% ix 2% 29% | 5% 0% 00% | 0%
405 17 | B [ 68538 [90.2 [1.43 |3.37 1.42 (0.4 [g.31 (0,03 | 0.0 [9.00
3 & 13% &k 6% 2% 04% | 0% 1% o5k | 0%

409 17 14 | 65636 | 81.% |14.8 (.82 }0.33 |0.Q0 [0.01 [0.00 |o0.0 [0.00
& 70% 10% 2k kL 53% | 2 0% 00% (0%

209 |7 |2 | 65536 | 8.8 2.78 (5,40 f1.6% [ 0.3 | 0,08 [0.01 0.0 [0.00
3 6 243 % 0 8% B4V | 6% 8% 01k | 0%

405 |7 12 | 65536 | 72.3 | 16.8 7.04 |1.496 } 0.2 {0.03 {o0.00 |0.0 |0.00
3 & bt 1y 3% 0% 34y | 9% ¥ ook | 0%

409 (7 |1 | 65536 |83.7 te.00 |0.00 [0.00 [0.0 [0.00 {0.00 |0,0 |0.00
3 & 91¥% 0% 0% ot oo% 1 0% 0¥ 00% | Ok

402 |7 |6 | 65936 | 60,8 [ 4,33 [92.75 {13.0 |11, [6.83 |2.84 |0.8 |0.15

3 7% | 7% 3% 06% | 379 | 3% 1% 12% | 2%
¥

409 |7 {5 | €5537 { 50.0 |9.45 [0.44 |0.01 (0.0 Jo.00 {0.00 8.0 |¢.0p

3 [ 78% 17 4% -} aok | 0% ok Dok | 0%

409 |7 |8 | 65537 | 48.5 [10.4 6.54 0.02 0.0 10,00 |[0.00 0.0 [0.00

3 & 7% 57% 2% 4% oo% | Ok it 00% 0%

465 |7 |7 [ 65537 | 87.6 |11.6 |0.68 | 3.03 | 0.0 [6.00 [6.00 (0.0 |0.00

3 . 1 01k 86% 15 1y | oo% ok 2 00% | 0%
408 |7 | & [ 65537 | 65.8 |12.2 |0,87 |[o0,04 {0,0 }0O.00 JO.00 |0.0 {0Q.00
3 & 0% 16% 9% 3% 00% | 0% of pO% | 0%

408 |7 |5 | 65537 | 83.4 116.2 |1.28 ) o0.pg [0.0 fo.c0 [o0.00 [0.0 [G.00
3 g TN a1k 2k 5% 01% | 0% 0¥ oot | 0%

409 |7 | 4 | 65547 | €0.2 |17.8 |1.70 | 0,11 | 0.0 |0.00 0.00 | 0.0 j0.00
3 & 16% a4% Sk 2% G4k | O% oy Doy | 0%

409 |7 (3 [e5%37 | 75.4 (32.6 |[23.68 |0.22 {D.0 |p.00 jO.00 [0.0 (0.0
& 10% | 6B} AN 5y 13% ) ox o¥ oUx | 0%

405 |7 | 2 | 65537 [67.4 ]27.2 [4.70 |0.53 | 0.0 {0.00 |[0.a0 0.0 [0.00
3 6 nt o pIsy | 5% 6% 45% | 0¥ ox ook oY

409 |7 [1 | 68537 |%2,3 |35.1 ]10.3 |1.B4 [0.2 jD.01 |0.00 {0.0 |0.00

409 (7 ;& | 65537 [16.1 [32.3 |28.0 [16.6 (5.4 [1,20 {0,212 [G.0 |0.00
3 52K 1y 49k gk 21% | 3% ¥ 22% | 1%

409 |7 |9 |13i07 |50.0 | 5.56 0.44 | O.00 0.0 |C.00Q |G.00 (0.0 |0Q.00
3 & {1 52¥ 0% 3% 5k ooy | o% 0% 00% | 0%

40% |7 /8 [ 13107 {88.9 {10.4 |0.55 [¢.00 [4.0 |o.00 Jo.p0 0.0 [0.00
§ |2 56t 84% 2% B¥ 0% | O% 0% 00% | 0%

40% |7 |7 | 13107 | B7.6 (11,6 (0,71 [0.01 | 0.0 [0.00 [0.00 (0.0 [0.00

CA 3076173 2020-03-18



39

309

6 13107 | 685.58 13.1 g.9% 0.02 9.0 Q.00 o,00 0,0 2,80 0.0 0.

3 6|1 9% | s0% 9% a% 01% | 0% 0% 0% | 0% oox | ao
0%

409 5 [23107 | 83,5 [18.1 |1.26 [o0,01 [G6.0 [D.00 [0.00 [0.0 |0.00 (0.0 [0
3 6 |1 06y | ae% | Bk 9% 01y | ot 0% 00% 0% 0% | oo
0%

408 4 |13107}180.2 {17.9 |[1.82 |D.08 | 0.0 |0.00 |6.00 |0.0 |0.00 |0.0 |O.
3 £ |2 72% 20% 2% % 03% | 0% 0% oot | 0% 00% | 00
0%

408 3 (23107 [79.4 | 21,5 {2.83 (0,17 [0,0 {0Q.00 [0.00 [0.0 [0,00 J0.0 |0,
3 ]2 A0% | 32v | 5% k1 08% {0k 0% ook | 0% 00x |00
0%

405 2 13207 |67.5 [26.% [4,93 [0.47 [0.0 [0.00 |[0.00 [0,0 [0.00 [0.0 {0.
3 611 63% | 83% as ay 35t | 2% 0% oot | 0% oox | oo
a4

409 1 (1307 §82.4 |34.9 [10.5 [1.82 (0.2 [0.0% (0,60 [C.0 |C.00 |0.0 |C.
3 f |1 1% 98k 18% &% 18% | D% ik ook | Ok o0k | OC
ay

409 & (13107 16,1 |32.3 (29,0 }15,5 {S.4 |1.,30 |D.23 ;0.0 [O0.00 {0.0 |O,
3 1 52% 03% 4% 05% 6t | 5% 2% 22% (1% 0ok | 4o
0%

408 8 {10485 |96.9 | 0,27 (0,60 (0,891 | 0,7 | 0,42 [0.1B | 0.0 [0.01 }0.0 |C.
3 & |76 33% 3% by 0% 05% | 3% 1% 6% | 1N 01%¥ | DO
. . 0%

408 & | 10485 } 89.9 [ 5.41 |0.%8 |Q.07 [0.0 [O.00 |0.00 (0.0 [0.00 | 0.0 jO.
3 E |76 26 | 5% B 5% 4% | 0% 0% 00% | 0% 00% |00
. ] 0%

40% 7 [ 10485 ;89,5 |8.15 {1.96 |0.30 0.0 J0.00 |D.00 (0.0 [o.00 |[G.0 0.
3 ¢ |76 ask | Bk at st 2k | 3% ok ook | ok 00% |00
. . 0%

405 6 | 10485 | B6.7 J11.6 [1.53 [0.13 [0.0 |o.00 |0.00 |0.0 |0.00 (0.0 |O.
3 6 |78 11% | 03% | 8% 5% 1% |1k 0% 0a% | 0% aox | 00
0%

409 S | 1DABS | 50.2 ] 4.40 }13.33 |3.48 (0.4 |p.08 0,00 4.0 Jo.D0 |0.0 |O.
1 5 |76 26% | 7% 1% 5% ARY | BY k1 o1x | Ok 00t | D
0%

AQ5 4 ) 10485 |161.9 }14.7 |2.686 J0.36 |0.¢ (0,00 (0,00 |00 Q.00 |0.0 |0
a 6 |76 51% 39% 8% ik 7% [ 2% oy 00% | O¥% 00Y | 00
0%

4Q9 3 110485 162.8 ) 5.54 5,29 1,83 (0.4 o.07 10.02 [0.0 {0.00 |0.0 {90,
3 § |76 18% | 3% 1 1% 20% | 6% 1% oty | 0% ot | Do
ok

408 2 10486 | 72.4 8.7 7,83 .89 .2 9.03 g.0a G.4a Q.00 0.0 Q.
3 g |76 50% 20% 13 ai 28% | 0% 0% nox | o 00% | od
0%

[XT] 1 | 10485 [83.7 |¢.00 0,00 [D.00 (0.0 (.00 [0,00 |Q.0 {@G.00 (0.0 |8,
3 6 |78 51y | o% o% 0% oot | 0% ot 0oy | o¥ 00% | 24
9%

[T 6 | 10485 | 50.8 [4.33 [9.76 [12.9 |11, 14.82 {2.85 |0.8 [ 0,18 [0.0 [0,
k) 76 3% | 5% B¥ 95% 371 | 8% 2% 15% | 2% 16% | o
3 1%

409 9 | 10485 (90,5 | 7,81 |1.14 [C.08 |0.0 |0.00 [D.00 0,6 |O.00 |[0.0 |O.
3 6 | 33 6% | 1% 5% ot 01% |1k o% 0% | D% ook | 00
0y

409 g (10485 [ B3.0 {10.3 [G.58 {0.02 {0.0 Jd.00 [0.00 [0.0 J0.00 0.0 [0,
3 & |93 aax | g2t ot o¥ no% ok 0% 0% | 0% 00% | 00
0%

409 7 | 10485 | 87.5 [11.7 | 0.59 | 0.01 [6.0 [ 0,00 |0.00 Q.0 [0.00 ]0.0 |O.
3 & |33 81y | 11% oy % 00% | 0% D% DOX | O% uo% | 00
. . ) 0%

408 6 | 10489 | 87.5 [5.98 |2.14 |0,26 [ 0.0 { 0,00 |D.00 | 0.0 |G.00 | 0.0 |O.
3 6 {93 95% | gy 1k 5& 19% | 1% 0% ook | 0% 0o% ] 00
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0%
409 |7 [s | 10405 I'g9.a |5.44 [3.40 [3.31 (0.3 [0.08 {0.00 {0.0 [¢.00 0.0 |O.
3 6 |93 44% | 5% 1% 5% 3a% | 9% 6% 0i% | 0% bRy ) oo
‘ (1]

409 |7 14 (10485 |[9%5.6 (0,04 [D.19 |0O,50 |0.2 [1.07 [0.89 {o0.58 (0.18 {o0.0 {4a.
3 6 |93 58% | 3% 1% .17 giy | 0% % 10% | 0% 41% | 00
4%

409 |7 |3 [ 10485 | 80.6 {137 |5.20 |i.24 [0o.1 [o.oa [0,00 [0.0 [o0.00 Jo.0 |O.
a 5§ 193 12y |74y | 2% 0% 98% 1% 2% 01t | 0% o0% | 0D
0%

408 [7 {2 | 10485 {92.5 | 0.07 (Q.33 | 0.80 |21.5 [1.89 |1.57 | 0.9 {0.33 | 0.0 |0.
3 6 |93 7% (4% 7% ax 78% | 2% 8% 0% | 8% 75% | 00
Tk

409 |7 ({1 | 104856 [52.3 [38.0 [10.4 |1.82 |0.2 |0.02 |0.00 |Q.0 |0.00 |6.Q |@.
a & {93 sex | 73x |56y | 6¥ 25% | 2% 2t o0 | ox ook | 00
0%

409 (7 | & | 10485 [66.7 [0,32 |1.46 | 3,90 | 6.8 [8,20 [6.83 |3.9 [1.46 [R.3 |O.
a g3 00% | 5% 5% 5% a6y | 6% 1] o4 | 5% 25% {03
2%

409 (7 {9 20971 [90.0 {9.51 |[p.42 |0.01 [0.0 |0.00 [o0.00 {0.0 [0.00 [0.0 |O.
3 g | 43 a9y | Ay 5% 2% goy | ok ax a0x | 0k aow { oa
0%

409 |7 |8 |20971 {86.9 {10.4 [0.57 [0.02 [o.0 {0.00 |0.00 [Q.0 [0.00 [0.0 |0,
3 B | a3 97% | 12% | 2% 9% 0O% | 0% ox ook | 0% 00% |00
13

409 |7 |7 |20971)€7.6 \11.6 [0O.70 |©C.02 (0.0 |O.00 }0.00 |Q.@ [©.00 {0.0 [0,
3 6 | a3 14%  (S5% | A% 7% 00k | 0% 0k 00t | 0% 00% | ao
113

409 Y7 |6 {20871 (88.8 |[13,2 [0.,92 [0.03 |0.0 [0.00 [0.00 {0.0 [Q.00 [0.0 |O.
3 6 |43 45% | 10% | 1% 4% 01% | o% 0y 00r | 0% oot | oo
0%

499 |7 |5 J20871 je3.a {15.2 |1.20 [0.96 [0.0 [@Q.00 [a.ap | 6,0 [0.00 |q.0 |oO.
3 5 |43 7% | S0% | 0% % 01% 0% o% 00t | ok 00% | 00
0%

409 1714 [ 20970 (ed.2 117.8 (1.7 (0,42 j0.0 [0.00 {0.00 |0.8 |6.00 }o0.0 |O.
3 & |43 E | 16% 5% 0% 08¢ | 0x ok 00t | 0% 0oY | 00
0%

40% | 7 (3 J20971|7s.4 (21,6 {2.72 10.21 | 0.0 [0.00 J0.00 | Q.0 |0.00 |0.0 §0.
3 6 |43 34k 1%y 14X 7% 13% | 0% 0% 00% | 0% 60% | 00
) 0y

409 |7 12 (20971 |67,5 (26,9 [4.89 |0.51 [0.0 |0.00 0,08 [0.0 [0,00 |G.0 |O.
3 6 143 73% | 86% 7% 23 iy 1% 0% oY | 0% ne% | 00
o%

409 [ 72 {20971 )%52.4 {34.9 [10,5 [1.85 {0.2 {0.00 [o.00 (0.0 [0.00 {Q.0 |G,
3 5 |43 62% | 07% |E2% | 9% 08t | 4% ot oot | 0% ¢o% | 00
: 0%

40% |7 )86 | 20571 |16.0 32,2 |29.0 }15.5 (5.4 |1.28 |0.21 | 0.0 {0.00 [0.0 |O.
3 43 76% | 403 [B6% | s34 | z20% ]o% 6% 27% | 2% 00% | 00
0%

Az shown in Table 2, the probabllity that collision
occurs  (l.e., UE IDs become equal) in all of the 10
subframes is 6.429% when the value D is equal to an initial
value of 2 and the value C is 16, However, this

phenomenon disappears when the value D is greater than 26,
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Tt ¢an be seen from Table 2 that the pheromengrn disappears

when the value D is €5537 or 1310'71 which arxe greater than

2%, However, such poor performance resultz occur when a
value much greater than 2** is selected as the value D.

5 ‘That is, such results occur when the value D is 1048576 or
1048593. Although performance is ingressed when the value
D is 2087143, the performance is, on average, lower than
that when 2 value which is close to 2 and greater than 2%°
ig used as the value D.

10 Bazed onh these facts, an embodiment of the present
invention suggests that a prime number greater than 2% and
less than 2™ be used as the parameter valus D when the
initial wvalue 15 expregsed by N bits. Preferably, the
smallest prime number greater than 2" is used as the

15 parameter value D. Specifically, an embodiment suggests
that a value of 2*+1 be used as the value D when § = 16, &
valud of 2M+3 be used =a the value D when N = 18, and a
value of 2"+15 be used as the value D when N = 22. The
reason why this embodiment suggests that the smalilest prime

20 muber that satisfies performance requirements be used as
the value D is that the simplicity of phenomenon increaseés,
approaching that of normal phencmena, as tha wvalug D

decreases,

Consequently, an embodiment of :helpresent invention
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suggests that a value of 65537 be used as the parameter D

of the start position generation equation according to the

first embodiment of the present invention when it is

assumed that the initial value for the gensration equation
5 1is generated based on a l6-bit UE ID.

On the other hand, to select a parameter valua of B,
performance was measured using varlous values of A and
various values of B with the wvalue D being £fixed to a
specific value. Such measuremant results showed that the

10 parameter B has no significant influence on the variance of
the probabilistic diatribution of genaratien of aach valua
of between 0 and C-1, the average number of ¢ollisions, and
the waximum number of ¢ollisions when the parameters D and

A are prime. The following Table 3 shows part of the

18 various performance measurement results.

TABLE 3
A B D ) Varianca of hAveraga ‘ Maxi
prebabllicy of numbayr of Hits | mumt
generation For each Humb
number betwaen Q ar
and C-1 v of
Hitp
32788 [4] 1048567 | 8.2943975687008-04 1.31635865660 + |6
0o
32788 ¥ 104R567 | A.294397503R0E-02 1.3163586BQE0R+ | 6
. 00
32789 3821 1048567 | B.29439765480E~-04 1.31635078580E+ [ 6
) 00
33037 0 1048567 | 8.2843934B280E-04 1.31635500230E+ |7
00
33037 7 10485687 | 8.2943932936Q8-04 1,3163544879R068+ {7
: 00
33037 3821 1048367 | 8,2943923154908-04 1.31635479360B+ | 7
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34421 |0 1048567 | 5.25435612060E-04 2?31635698230E+ 16
34421 |7 1048587 | 6.29438539A408- 02 2?31635668560E+ 10
32421 | 3821 1048567 | 8,294355025508-04 2?316356939403+ 10
3g061 [0 1048587 | 0,29¢39625390B- D4 3?31635759420E+ [
Ig0el |7 1048567 | 8.29439596140E-04 2?315357739903+ []
360461 3821 1048567 | B.29438654740RB-04 g?3l$357776703+ 8
41189 |9 1048567 | B.29441337570B-04 2?315372914903+ 6
41189 |7 1048567 | 9,29441321130B-04 2?316372753105+ 6
411889 1gal 1048567 | 8.29441026210E-04 2?31637274940E+ B
43782 0 1048567 | 6.294735100008-04 2?31860997BQOE+ ki
43789 |7 1046567 | B.296T4822710E-04 :?31959473170E+ ]
43789 | 3821 1048567 | B,29673565670R-04 2?318502027303+ 7
47853 |0 1048567 | 5,29440200870E-04 2?315353445503+ ]
47653 7 1048567 | B,294403205408-04 3?315353445703+ 8
47653 |[lea1 1048567 | 8.284402E21208-04 :?315353221303+ 8
ag
Therefore, an embodiment of the present invention

10

auggests that the parameter values D and A be set to be
prime and the parameter value B be set to a very small
integer or 0. The complexity of calculaticn can be reduced
when the value B i 0 or appreaches 0,

Conseguently, a preferred embodiment of the present
invention suggeats that the parameter value B be set to *0
in the generation equation of the first embodiment.

On the other hand, to =elegt a parameter wvalue A,

pexformance wag measured using ap available prime number

less than the value D while fixing the wvalue B, which is
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determined teo have no significant influence on performance,

to a specific value and fixing the value D to a value that

exhibited high performance according to the initial value.

The following Table 4 shows part of such performance

b measursment results.

TABLE 4

A B |D Variance of Average Maxinum

probabillty of number oF Number of

generation for each Hite Hita

number betwaen 0 and

C-1
_3,982 7 .5}553 B.29439188640E-04 .'s(.’alsssznosom 6
3423 |7 |[655) |8,28439188930B-04 1.31535211140E+ 13
ZGBB 7 5553 B.294351859470F-04 2.?31635211190"&1- €
2226 7 2553 B.29432190000E-04 2?316352111903+ &
3571 7 25!3 B.284351859710F-04 3?3153521119OE+ )
5383 |7 6853 3‘25435159320E;04 2?31635211190E+ &
izss 7 ;553 B.28439189850E-04 g?nsaszuzaum &

?
2092 7 65531 | 8.2843581005308-04 2?31635211230E¢ [
2613 1 FZSS3 §.29433120290E-04 2?31535211ﬁ803+ 6
;-DSB 7 ZSES B.20439190B20K- 04 2?115352112603-& [
:360 7 2553 B.29439190350E-04 g?alessznzaom [
;343 7 2553 B.25435130780E~04 2?316352112BDE+ &
ZDIE 7 2553 6.29439130530E-04 g?316352112802+ 6
isaz 7 ;553 B.254351501305-04 g?alsasznaaom 3
]3.601 7 ;553 B.294351908208-04 2?31635211330E+ [
5474 7 2553 8.25439190630E-04 g?316352113303+ 1
2904 7 25537 B.2542391806H0E-04 :?31635211330E+ &
;750 -7 65537 | 8,294359150820E~04 2?31635211330E+ [
00
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3450 65537 1 8.294391911608-04 1.31635211330E
%saz €5537 | 8.29439150820E~04 2?315352113aon+
4206 65537 8.25439151210E-04 2?31635211330E+
5470 65537 | 8.259439150920K-04 2?316352113363+
3585 B5537 8.254391907208-04 2?31635211330$f
4763 65537 [ B,25429190870E-04 2?31635211330E+
3176 65537 §.254391508208-04 2?31635211330E+
3062 65537 | 8,294391914508-04 2?3163521137QE+
4088 65537 | 8.2943919145Q8-04 2?316352113703+
ilOl 65537 | 8.29¢39191160E~04 2?316352113703+
:443 65537 8.2943591913108-04q 2?31635211370E+
2517 65537 | §.294391911208-04 g?3153521137os+
K 00
;552 65537 | B.294391912708-04 3631535211370E+
5604 65537 | 8,294381911608-04 1.3163523113708+
gaas 65637 | B.29439191450B-04 2?316352113703+
2649 65537 | 8.258433191410E-04 2?31535211370E+
2152 G5537 | 8.29439191210%-04 2?31635211370E+
:228 65537 [ 8,294391913108-04 2?316352113703+
iasv €5537 12.294391912108-04 2?315352113703+
3573 65537 | €.29439191450E~02 2?31635211370E+
ZD&H 65537 | 5.294351915008-04 2?3163521137OE+
2704 é$537 8.29435191450R-04 2?31635211370E+
'3437 65537 | 9.25438101410E-04 2?31635211370E+
les- 65537 | B.29439191210E-04 3?3163521137OE+
Zsas 65537 | B.29435151410E-04 2?31635211370E+
2156 €5537 [ 8,294391915005-0% 2?316352113TDE+
1 00
3197 65537 ;.294391955302-04 1.316352117408+
00
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€144 |7 | 65537 | §.29439193350E-04 1.31635211510E+ | §
2451 7 | 65537 |R_25439196010E-04 g?usa 521179QE+ ) 9
2552 7 65537 | 8,29439192330E-04 1?3163521137 OE+ | 9
;460 7 | 6BB37 | B.29439192670E-04 i?nssszusmm 3
2323 7 65537 | B.284391362608-04 ?.?31635211!40E+ 9
:386 7 | 65537 | B.2943%194270E-04 gz:;.sasznssom )
3 i

In Table 4, values of YA" exhibiting the smaliest
numbars of aollisions are first arranged and remaining
values axe arranged in decreasing order of the average
number of collisions, That is, the value af A located at

5 an upper portion of Table 4 exhibits high perfermance in
terms of performance indicators. Thus, an embodiment of
the present invention suggests that cne of the values

. written above symbols *.” in Table 4 be used ag the value A,
Particulaxly, a preferred embodiment of the pxesent

10 invention suggests that a value of 39827 written at the top
of Table 4 be used as the valus A.

Consequently, a preferred spbediment of the pregent
invention suggests that values of 39827, 0, and £5537 be
used respactively as the parameter values A, B, and D of

16  the generation equation according to the first embodiment
of the present invantion. However, when 1t is necessary to
use other parameter values according to system requirenents,
values selected from those wrikten inm the following table

can be used ag the parameter values A, B, and D.
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TABLE 5
A B D
39827, 34231, 46889, 0, 1, 3, 5, 7 21641, 218+3, 22047, 222415
52289

The equations for calculating a start position of a
PDCCH search space according to the second to fourth
embodiments are substantially identical to that of the first
embodiment in terms of their meanings. Accordingly, the
present invention suggests that wvalues of 39827, 0, and
65537 also be used respectively as the parameter values A,
B, and D in the second to fourth embodiments. In this case,
values written in Table 5 can be used as the parameter
values A, B, and D when it is necessary to use parameter
values other than 39827, 0, and 65537 according to system
requirements.

The parameters of the generation equation used in the
fifth embodiment of the present invention can also be
determined in a manner similar to the method described
above. The present inventor also measured various
performance criteria for the parameters of the generation
equation of the fifth embodiment and suggests that the
following combinations of parameters be used.

TABLE 6

16 220

~l1

31 64 220

Date Regue/Date Received 2022-04-13
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The detailed description of the preferred embodiments
of the present invention has been given to enable those
skilled in the art to implement and practice the invention.
Although the invention has been described with reference to
the preferred embodiments, those skilled in the art will
appreciate that various modifications and variations can be
made 1in the present invention without departing from the
spirit or scope of the invention described in the appended

claims.

Accordingly, the invention should not be limited to the
specific embodiments described herein, but should Dbe
accorded the broadest scope consistent with the principles

and novel features disclosed herein.

[Industrial Applicability]

The above embodiments can be applied not only to the
3GPP LTE system but also to various other systems that need

to transmit a downlink control channel to each UE.

Date Regue/Date Received 2022-04-13
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What is claimed is:

1. A user equipment (UE) for decoding control information, the UE comprising:

a receiver configured to receive control information through a Physical Downlink Control
Channel (PDCCH) at a subframe k;

a decoder configured to monitor a set of PDCCH candidates for the received control
information, the set of PDCCH candidates being defined in terms of search spaces,

wherein:

the decoder is configured to monitor a UE-specific search space of the PDCCH, among the
search spaces, at multiple levels of control channel elements (CCEs),

the CCE is a resource unit including a number of resource elements for transmission of the
control information,

the UE-specific search space is given based on a variable of Yx for the subframe k defined by:
Y= (4*Yi-1) mod D, where A and D are predetermined values, and

Ykin the subframe k is based on an UE identifier.

2. The UE in claim 1, wherein the multiple aggregation levels include aggregation levels

of 1,2, 4, and 8 control channel elements (CCEs).

3. The UE in claim 1, wherein the value of A is 39827 and the value of D is 65537.

4. The UE in claim 1, wherein the UE-specific search space of the PDCCH includes L
CCEs are located from a position given by: L*{(Yx) mod (floor(N/L)} + 1, where N represents

a total number of CCEs in the subframe k and i=0, ..., L-1.

5. The UE in claim 1, wherein a location of the UE-specific search space of the PDCCH is
based on a UE identifier of the UE.
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6. The UE in claim 5, wherein the UE identifier is associated with a Radio Network
Temporary Identifier (RNTI) of the UE.

7. The UE in claim 6, wherein the RNTT of the UE is either a Cell-RNTI or a Temporary
Cell-RNTI.

8. A method implemented in a user equipment (UE) for decoding control information, the

method comprising:

receiving, from a base station, subframes with control regions including a Physical Downlink
Control Channel (PDCCH), and

decoding a set of PDCCH candidates within a UE-specific search space of the PDCCH during a
subframe k at multiple aggregation levels of control channel elements (CCEs), each CCE
being a resource unit including a number of resource elements for transmission of the
control information,

wherein the UE-specific search space is given based on a variable of Y for the subframe k
defined by: Yx= (4*Yx-1) mod D, where A and D are predetermined values, and Yxin the

subframe k is based on a UE identifier.

9. The method in claim 8, wherein the multiple aggregation levels include aggregation

levels of 1, 2, 4, and 8 control channel elements (CCEs).

10. The method in claim 8, wherein the value of A is 39827 and the value of D is 65537.
11.  The method in claim 8, wherein the UE-specific search space of the PDCCH includes L.
CCEs are located from a position given by: L*{(Yx) mod (floor(N/L)} + i, where N represents

a total number of CCEs in the subframe k and i=0, ..., L-1.

12.  The method in claim 8, wherein a location of the UE-specific search space of the

PDCCH is based on a UE identifier of the UE.
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13. The method in claim 12, wherein the UE identifier is associated with a Radio Network
Temporary Identifier (RNTI) of the UE.

14. The method in claim 13, wherein the RNTI of the UE is either a Cell-RNTI or a
Temporary Cell-RNTL

15. A method for decoding control information by a User Equipment (UE), the method

comprising:

receiving a Physical Downlink Control Channel (PDCCH) at subframe k; and

decoding at the subframe k a set of PDCCH candidates including L control channel elements
(CCEs),

wherein:

the L CCE:s are contiguously located from a position given by using a variable of Yx and a
modulo (N/L) operation,

N represents a total number of CCEs in the subframe k,

Y is defined by Yx= (4 *Yx-1) mod D,

A and D are predetermined constant values, and

when k=0, Y1 is determined based on a UE identifier having 16-bits.

16. The method of claim 15, wherein A and D are 39827 and 65537, respectively.
17. The method of claim 15, wherein L is one of 1, 2, 4, and 8.

18.  The method of claim 15, wherein the L. CCEs corresponding to a first PDCCH
candidate among the set of PDCCH candidates of the search space at the subframe k are
contiguously located from a position given by: L*{(Yx) mod (floor(N/L)}.

19.  The method of claim 15, wherein the L. CCEs corresponding to a first PDCCH

candidate among the set of PDCCH candidates of the search space at the subframe k are located

at positions given by: L*{(Yx) mod (floor(N/L)} + 1, where N represents a total number of
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52

CCEs in the subframe k, floor(N/L) represents a function to quantize N/L to a largest integer
that is equal to or less than N/L, and i=0, ..., L-1.

20. The method of claim 15, wherein the UE identifier is associated with a Radio Network
Temporary Identifier (RNTI) of the UE.

21. The UE in claim 20, wherein the RNTT of the UE is either a Cell-RNTI or a Temporary
Cell-RNTL.

22. A User Equipment (UE) for decoding control information, comprising:

a receiver configured to receive a Physical Downlink Control Channel (PDCCH) at subframe k;
and

a decoder configured to decode at the subframe k a set of PDCCH candidates including L
control channel elements (CCEs),

wherein:

the L CCE:s are contiguously located from a position given by using a variable of Yx and a
modulo (N/L) operation,

N represents a total number of CCEs in the subframe k,

Y is defined by Yx= (4 *Yx-1) mod D,

A and D are predetermined constant values, and

when k=0, Y1 is determined based on a UE identifier having 16-bits.

23.  The UE in claim 22, wherein A and D are 39827 and 65537, respectively.

24. The UE in claim 22, wherein L is one of 1, 2, 4, and 8.

k- 2 k-

25.  The UE in claim 22, wherein the L CCEs corresponding to a first PDCCH candidate
among the set of PDCCH candidates of the search space at the subframe k are contiguously

located from a position given by: L*{(Yx) mod (floor(N/L)}.
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26.  The UE in claim 22, wherein the L CCEs corresponding to a first PDCCH candidate
among the set of PDCCH candidates of the search space at the subframe k are located at
positions given by: L*{(Yx) mod (floor(N/L)} + i, where N represents a total number of CCEs
in the subframe k, floor(N/L) represents a function to quantize N/L to a largest integer that is

equal to or less than N/L, and i=0, ..., L-1.

27. The UE in claim 22, wherein the UE identifier is associated with a Radio Network
Temporary Identifier (RNTI) of the UE.

28. The UE in claim 27, wherein the RNTT of the UE is either a Cell-RNTI or a Temporary
Cell-RNTL.

29. A method for decoding control information by a User Equipment (UE), the method

comprising:

monitoring a set of Physical Downlink Control Channel (PDCCH) candidates for control
information received from a base station at subframe k, wherein the set of PDCCH
candidates to monitor are defined in terms of search spaces, wherein the UE monitors a UE-
specific search space, among the search spaces, at each of aggregation levels (L) of 1, 2,4
and 8 control channel elements (CCEs), wherein the CCE is a resource unit comprising a
specific number of resource elements and used for transmission of the control information,
wherein the UE-specific search space is given based on a modulus operation using a
variable of Y for the subframe k and a variable C for the subframe k, wherein Yx is defined
by:

Y =(A*Yi1+B) mod D,

wherein the variable C is determined based on the number of CCEs (Ncck) divided by the
aggregation level (L), wherein A, B, and D are predetermined constant values
predetermined regardless of the aggregation levels (L), and wherein, when k=0, Y_1 is
determined based on a UE identifier having 16-bits; and

decoding the control information of the PDCCH.
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30.  The method of claim 29, wherein the UE identifier comprises a Radio Network
Temporary Identifier (RNTI) of the UE.

31. The method of claim 29, wherein A, B, and D are predetermined as 39827, 0, and
65537, respectively.

32. A user equipment (UE) for decoding control information, the UE comprising:

a receiver configured to receive control information through a Physical Downlink Control
Channel (PDCCH) from a base station at subframe k;

a decoder configured to monitor a set of PDCCH candidates for the control information
received from the base station, wherein the set of PDCCH candidates to monitor are defined
in terms of search spaces, wherein the decoder monitors a UE-specific search space, among
the search spaces, at each of aggregation levels (L) of 1, 2, 4 and 8 control channel elements
(CCEs), wherein the CCE is a resource unit comprising a specific number of resource
elements and used for transmission of the control information, wherein the UE-specific
search space is given based on a modulus operation using a variable of Yk for the subframe
k and a variable C for the subframe k, wherein Yy is defined by:

Y =(A*Yi1+B) mod D,

wherein the variable C is determined based on the number of CCEs (Ncck) divided by the
aggregation level (L), wherein A, B, and D are predetermined constant values
predetermined regardless of the aggregation levels (L), and wherein, when k=0, Y_; is

determined based on a UE identifier having 16-bits.

33.  The UE of claim 32, wherein the UE identifier comprises a Radio Network Temporary
Identifier (RNTI) of the UE.

34, The UE of claim 32, wherein A, B, and D are predetermined as 39827, 0, and 65537,

respectively.
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35. A method for decoding control information by a User Equipment (UE), the method
comprising:

monitoring a set of Physical Downlink Control Channel (PDCCH) candidates for
control information received from a base station at subframe k,

wherein the set of PDCCH candidates to monitor are defined in terms of search spaces,

wherein the UE monitors a UE-specific search space, among the search spaces, at each
of aggregation levels (L) of 1, 2, 4 and 8 control channel elements (CCEs),

wherein the CCE is a resource unit comprising a specific number of resource elements
and used for transmission of the control information,

wherein the ‘L” CCEs corresponding to a first PDCCH candidate among the set of
PDCCH candidates of the search space at a subframe k are located at positions given by:

L*{(Y rY)ymod(floor(C))}+i, wherein i=0, . . ., L1,
wherein Yk is defined by:
Yie =(A*Yi1+B) mod D,

wherein the variable C is determined based on the number of CCEs (NCCE) divided by
the aggregation level (L),

wherein A, B, and D are predetermined constant values predetermined regardless of the
aggregation levels (L); and

decoding the control information of the PDCCH.

36. The method of claim 35, wherein, when k=0, Y_; is determined based on a UE identifier
having 16-bits.

37.  The method of claim 35, wherein the UE identifier comprises a Radio Network
Temporary Identifier (RNTI) of the UE.

38. The method of claim 35, wherein A, B, and D are predetermined as 39827, 0, and
65537, respectively.

39. A user equipment (UE) for decoding control information, the UE comprising:
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a receiver configured to receive control information through a Physical Downlink
Control Channel (PDCCH) from a base station at subframe k;

a decoder configured to monitor a set of PDCCH candidates for the control information
received from the base station,

wherein the set of PDCCH candidates to monitor are defined in terms of search spaces,

wherein the decoder monitors a UE-specific search space, among the search spaces, at
each of aggregation levels (L) of 1, 2, 4 and 8 control channel elements (CCEs),

wherein the CCE is a resource unit comprising a specific number of resource elements
and used for transmission of the control information,

wherein the ‘L” CCEs corresponding to a first PDCCH candidate among the set of
PDCCH candidates of the search space at a subframe k are located at positions given by:

L*{(Y rY)ymod(floor(C))}+i, wherein i=0, . . ., L1,
wherein Yk is defined by:
Yie =(A*Yi1+B) mod D,

wherein the variable C is determined based on the number of CCEs (NCCE) divided by
the aggregation level (L),

wherein A, B, and D are predetermined constant values predetermined regardless of the

aggregation levels (L).

40. The UE of claim 39, wherein, when k=0, Y_; is determined based on a UE identifier
having 16-bits.

41.  The UE of claim 39, wherein the UE identifier comprises a Radio Network Temporary
Identifier (RNTI) of the UE.

42. The UE of claim 39, wherein A, B, and D are predetermined as 39827, 0, and 65537,

respectively.
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43. A non-transitory, computer-readable medium storing instructions which, when executed
by one or more processors, cause performance of operations for decoding control information
by a User Equipment (UE), the operations comprising:

monitoring a set of Physical Downlink Control Channel (PDCCH) candidates for
control information received from a base station at subframe k,

wherein the set of PDCCH candidates to monitor are defined in terms of search spaces,

wherein the UE monitors a UE-specific search space, among the search spaces, at each
of aggregation levels (L) of 1, 2, 4 and 8 control channel elements (CCEs),

wherein the CCE is a resource unit comprising a specific number of resource elements
and used for transmission of the control information,

wherein the ‘L” CCEs corresponding to a first PDCCH candidate among the set of
PDCCH candidates of the search space at a subframe k are located at positions given by:

L*{(Y xymod(floor(C))}+i, wherein i=0, . . ., L—1,
wherein Yk is defined by:
Yy =(A*Y-1+B) mod D,

wherein the variable C is determined based on the number of CCEs (NCCE) divided by
the aggregation level (L),

wherein A, B, and D are predetermined constant values predetermined regardless of the
aggregation levels (L); and

decoding the control information of the PDCCH.

44. The computer-readable medium of claim 43, wherein, when k=0, Y.; is determined

based on a UE identifier having 16-bits.

45.  The computer-readable medium of claim 43, wherein the UE identifier comprises a

Radio Network Temporary Identifier (RNTI) of the UE.

46. The computer-readable medium of claim 43, wherein A, B, and D are predetermined as

39827, 0, and 65537, respectively.
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FIG. 4

Generator initialization input number (sequence) : X

Nl
A A A A LA
= XX X W Xgf or Xx= 3020 X,

Input
! . .
Parameter  Generation period : P
Number generator i«— 'onp '
' } & Generation parameter set : {K,, K, ..., K; }
| Output
401 ,

Sequence of output numbers Z= 2y 2y, ....72,,}

FIG. o

Sequence chosen for random
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A
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FIG. 7
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FIG. 9
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Generator initialization input number (sequence) : x

Nl
A A . A
= { Ry K kygs Xohor x= 3 20 X
llnpu,t
Parameter  Generation period ; P
Number generator ]L-——-— . 1onp -
[ } ¢ Generation parameter set: {K, K, ..., K}
1 Cutput
401

Sequence of output numbers 7= 2y,2,,..,2,,}
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