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Method of and Apparatus for Allocating Sub-band in

Machine Type Communication based Communication

System

Field of the invention

The present disclosure relates to a machine type communication based
communication system and particularly to methods of and apparatuses for

determining a sub-band arrangement pattern and allocating a sub-band.

Background of the invention

A Machine Type Communication (MTC) device is a User Equipment
(UE) used by a machine for a specific application. In the 3GPP Rel-12, a
working item on a Low Complexity MTC (LC-MTC) UE was concluded
where the complexity (cost) of the MTC UE is reduced by approximately
50%. In the 3GPP Rel-13, another working item is agreed on to further
reduce the complexity of the MTC UE so as to enhance a coverage area
and to improve power consumption of the MTC UE.

A general technique to reduce the complexity of the MTC UE is to
reduce a Radio Frequency (RF) bandwidth of the LC-MTC UE to 1.4
MHz (operating with 6 Physical Resource Blocks (PRBs) (where a PRB is
a unit of resource allocation in the frequency domain)). The LC-MTC UE
is expected to operate in any system bandwidth and shall be able to
co-exist with legacy UEs. It is also expected that the LC-MTC UE can
retune its frequency to operate in different sub-bands within a larger
system bandwidth to thereby allow both frequency multiplexing among
the LC-MTC UEs and frequency multiplexing with the legacy UEs.

The LTE is currently defined to operate in channel bandwidths of {1.4,
3,5, 10, 15, 20} MHz including {6, 15, 25, 50, 75 100} PRBs respectively.
With the exception of the 1.4 MHz system bandwidth, all the total
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numbers of PRBs in all the other system bandwidths cannot be equally
divided by 6 PRBs (i.e., the size of a sub-band), thereby leaving some
remaining PRBs (< 6 PRBs). Fig.1 illustrates an example of a 3 MHz
system bandwidth with 15 PRBs, including two full non-overlapping
sub-bands and three remaining PRBs. These remaining PRBs do not form

a sub-band and thus may be wasteful.

Summary of the invention

In the Ranl1#79, it was proposed that the sub-bands can overlap with
each other. Fig.2 illustrates an example where Sub-band #1 overlaps with
Sub-band #2. However the problems with this solution are as follows:

1) More bits may be required to indicate sub-band locations if the
sub-bands can overlap without any constraints. For example in a system
bandwidth with 100 PRBs, non-overlapping sub-band allocation will
require 4 bits (16 possible locations) to indicate sub-band locations, and
overlapping sub-band allocation will require 7 bits (96 possible locations)
to indicate sub-band locations. If the sub-bands are dynamically allocated,
then this will increase the size of Downlink Control Information (DCI).

2) In the downlink, a Direct Current (DC) sub-carrier of a UE
reception bandwidth is not used in order to avoid a distortion effect in a
receiver. If two sub-bands overlap with each other too much, then it will
be highly possible that there are multiple DC sub-carriers in a 6-PRB
space, that is, a sub-carrier which is not a central sub-carrier for some UE
may have to be unused because the sub-carrier may be a central
sub-carrier for another UE. Fig.3 illustrates an example where some
sub-carriers (denoted with arrows) of the sub-band 2 would have to be
unused because they are central sub-carriers for a UE that is scheduled in
the sub-band 1, even if the UE that is scheduled in the sub-band 1 is only
allocated the top two PRBs.

The inventors of the invention have realized that more bits may be

required to indicate sub-band locations if sub-bands are allowed to
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overlap without any constraints. Hereupon the invention proposes a more
advantageous sub-band arrangement pattern with such an essential idea
that the locations of respective sub-bands in a system width are arranged
so that two sub-bands overlap with each other by no more than half the
size of a sub-band, so a central sub-carrier of a sub-band will not be
included in another sub-band, and moreover the number of bits required to
indicate a sub-band location can be reduced.

According to an aspect of the invention, there is proposed in an
embodiment a method, in an eNB of a machine type communication based
communication system, of allocating a sub-band to a UE, the method
including the steps of:

- determining the number of remaining PRBs Px in a system bandwidth
in the equation of:

Pr = Nprg MOD Ny panas

wherein Npgp represents the total number of sub-bands in the system
bandwidth, Ng..s..a represents the number of PRBs in a sub-band, and MOD
represents a remainder operation;

- determining the total number of overlapping PRBS Nz overiap in
the equation of:

N TOTAL_OVERLAP = N Subband — P R>

- determining the number of overlapping regions with max(Novrrap),

Swmax overrap in the equation of:
Suax_overiap = FLOOR(Nro1ar, overrar/Max(Noveriap)),

wherein max(Noverrap) represents the largest number of overlapping
PRBs ensuring that the number of direct current components in each sub-band
will not exceed one, and FLOOR represents a rounding-down operation;

- determining the number of remaining overlapping PRBs
Nremamw overra 10 the equation of:

Nremaiv_overeap = (Ntomar_overiap — Suax_overiap™Max(Noverrap)); and
- determining a sub-band arrangement pattern in the system bandwidth

based upon the determined number of overlapping regions with max(Noverrap),
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Suax overrap, and the determined number of remaining overlapping PRBs
Nremamvy overza under  a  predetermined  constraint  condition and a
predetermined rule.

In an embodiment, the method may further include the steps of:

- allocating for respective UEs sub-bands corresponding thereto based
upon the determined sub-band arrangement pattern; and

- transmitting an EPDCCH carrying downlink control information
including sub-band indicators corresponding to the respective UEs.

The predetermined rule may include minimization of the number of
overlapping regions in a sub-band.

In an embodiment, the predetermined rule may include any one of:

(1) sub-bands with overlapping regions are determined sequentially
starting from a sub-band at an edge;

(2) sub-bands with overlapping regions are determined respectively
based upon a generated random sequence; and

(3) sub-bands with overlapping regions are determined sequentially
upward or downward starting from a sub-band with a specific number.

In an embodiment, the method may further include the steps of:

- providing respective UEs with information about sub-bands with
overlapping regions, wherein the information includes which sub-bands
overlap with next sub-bands, and the numbers of their overlapping PRBs.

In an embodiment, the method may further include the steps of:

- judging whether the determined number of remaining PRBs Py in the
system bandwidth is above a threshold; and

- if yes, then performing the step of determining the total number of
overlapping PRBs Nyomur, overrap and the subsequent steps.

According to another aspect of the invention, there is proposed in an
embodiment a method, in a UE of a machine type communication based
communication system, of determining locations of sub-bands, the
method including the steps of:

- determining the number of remaining PRBs Px in a system bandwidth
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in the equation of:
P = Npgrg MOD Ny, pana,

wherein Npgp represents the total number of sub-bands in the system
bandwidth, Ng..s..a represents the number of PRBs in a sub-band, and MOD
represents a remainder operation;

- determining the total number of overlapping PRBS Nz overiap in
the equation of:

N TOTAL_OVERLAP = N, Subband — P R>

- determining the number of overlapping regions with max(Novrrrap),
Swmax overrap in the equation of:

Smax_overrap = FLOOR(Nroza1_overrar/max(Noveriap)),

wherein max(Noverrap) represents the largest number of overlapping
PRBs ensuring that the number of direct current components in each sub-band
will not exceed one, and FLOOR represents a rounding-down operation;

- determining the number of remaining overlapping PRBs
Nremamw overra 10 the equation of:

Nremaiv_overeap = (Ntomar_overiap — Suax_overiap™Max(Noverrap)); and

- receiving an EPDCCH, and obtaining a sub-band indicator
corresponding to the UE from downlink control information carried by the
EPDCCH; and

- determining locations of sub-bands allocated to the UE based upon
the determined number of overlapping regions with max(Novgrrap)s
Suax overrap, and the determined number of remaining overlapping PRBs
Nremav overza under a predetermined constraint condition according to the
obtained sub-band indicator corresponding to the UE.

In an embodiment, the method may further include the steps of:

- receiving information about sub-bands with overlapping regions from
an eNB, wherein the information includes which sub-bands overlap with next
sub-bands, and the numbers of their overlapping PRBs;

wherein the step of determining the locations of the sub-bands

allocated to the UE includes:
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- determining the locations of the sub-bands allocated to the UE, based
upon the determined number of overlapping regions with max(Novgriap),
Swmax overrap, and the determined number of remaining overlapping PRBs
Nremav overra under the predetermined constraint condition according to the
received information about the sub-bands with overlapping regions, and the
obtained sub-band indicator corresponding to the UE.

According to a further aspect of the invention, there is proposed in an
embodiment an apparatus, in an eNB of a machine type communication
based communication system, for allocating a sub-band to a UE, the
apparatus including:

a first calculating unit configured:

to determine the number of remaining PRBs Pr in a system
bandwidth in the equation of:

P = Npgrg MOD Ny, pana,

wherein Npgp represents the total number of sub-bands in the
system bandwidth, Ns.;,.c represents the number of PRBs in a sub-band, and
MOD represents a remainder operation;

to determine the total number of overlapping PRBS Nyogur overiap
in the equation of:

N TOTAL_OVERLAP = N Subband — P R>

to determine the number of overlapping regions with
max(Noverrar), Smax overrap in the equation of:

Suax_overiap = FLOOR(Nro1ar, overrar/Max(Noveriap)),

wherein  max(Noverrap) represents the largest number of
overlapping PRBs ensuring that the number of direct current components in
each sub-band will not exceed one, and FLOOR represents a rounding-down
operation; and

to determine the number of remaining overlapping PRBs
Nremav overra 10 the equation of:

NREMAIN_OVERLAP = (N TOTAI, OVERLAP — SMAX_OVERLAP*maX(N OVERLAP)); and

a first determining unit configured to determine a sub-band
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arrangement pattern in the system bandwidth based upon the determined
number of overlapping regions with max(Noverrar), Smax overrap, and the
determined number of remaining overlapping PRBS Nggyamw overza under a
predetermined constraint condition and a predetermined rule.

According to a further aspect of the invention, there is proposed in an
embodiment an apparatus, in a UE of a machine type communication
based communication system, for determining locations of sub-bands, the
apparatus including:

a second calculating unit configured:
to determine the number of remaining PRBs Pp in a system
bandwidth in the equation of:
Pr = Nprg MOD N.p-pand,
wherein Npgg represents the total number of sub-bands in the
system bandwidth, Ns.;,.c represents the number of PRBs in a sub-band, and
MOD represents a remainder operation;
to determine the total number of overlapping PRBS Nyomz, overrar
in the equation of:
N TOTAL_OVERLAP = N Subband — P R>
to determine the number of overlapping regions with
max(Novgrrar), Suax_overrap in the equation of:
Suax_overiap = FLOOR(Nromr_overiar/Max(Noverap)),
wherein  max(Noygriap) represents the largest number of
overlapping PRBs ensuring that the number of direct current components in
each sub-band will not exceed one, and FLOOR represents a rounding-down
operation; and
to determine the number of remaining overlapping PRBs
Nremamw overra 10 the equation of:
Nremamv_overiap = (Ntorar_overrap — Suax_overrap™MaxX(Noveriar));
a receiving unit configured to receive an EPDCCH, and to obtain a
sub-band indicator corresponding to the UE from downlink control
information carried by the EPDCCH; and
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a second determining unit configured to determine locations of
sub-bands allocated to the UE based upon the determined number of
overlapping regions with max(Novgrrar), Smax overiap, and the determined
number of remaining overlapping PRBS Nggyamv overza Under a predetermined
constraint condition according to the obtained sub-band indicator
corresponding to the UE.

The respective aspects of the invention will become more apparent

from the following description of particular embodiments thereof.

Brief description of drawings

The other features, objects and advantages of the invention will
become more apparent upon review of the following detailed description
of non-limiting embodiments thereof given with reference to the drawings
in which:

Fig.1 illustrates a schematic diagram of the arrangement pattern of
sub-bands in the 3MHz system bandwidth with 15 PRBs;

Fig.2 illustrates a schematic diagram of two sub-bands overlapping
with each other in the system bandwidth;

Fig.3 illustrates a schematic diagram of two sub-bands overlapping
with each other in the system bandwidth, wherein the DC sub-carrier of
the sub-band 1 is included in the sub-band 2;

Fig.4 illustrates a flow chart of a method of determining a sub-band
arrangement pattern and allocating a sub-band according to an
embodiment of the invention;

Fig.5 illustrates a schematic diagram of an arrangement pattern of
sub-bands in a 3MHz system bandwidth with 15 PRBs according to an
embodiment of the invention; and

Fig.6 illustrates a schematic diagram of an arrangement pattern of
sub-bands in a 10MHz system bandwidth with 50 PRBs according to an
embodiment of the invention.

Throughout the drawings, like or similar reference numerals will
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represent like or corresponding components or features.

Detailed description of embodiments

The respective embodiments of the technical solutions according to
the invention will be described below taking a 3MHz system bandwidth
with 15 PRBs and a 10MHz system bandwidth with 50 PRBs respectively
as examples.

Example 1: 3MHz system bandwidth with 15 PRBs

Referring to Fig.4, at the eNB side, firstly in the step S401, the
number of remaining PRBs Py in the system bandwidth is determined in
Equation (1) of:

P = Nprg MOD Ngyp.pana (D

Wherein Npgp represents the total number of sub-bands in the system
bandwidth, which is 15 in this embodiment, and Ngssme represents the
number of PRBs in a sub-band, which is typically 6. MOD represents a
remainder operation, so Pg =3 in this embodiment.

Then in the step S402, in order to accommodate an additional
sub-band, the total number of overlapping PRBS Nyomz overiap 1S
determined in Equation (2) of:

N TOTAL_OVERLAP = N, Subband — P R (2)

In this embodiment, Nyozz, overrar = 3.

Next in the step S403, the number of overlapping regions with
max(Noverrar), Smax overiap, 1S determined in Equation (3) of:

Suax_overrap = FLOOR(Nzomur,_overrap/max(Noverrap)) (3)

Wherein max(Noverrap) represents the largest number of overlapping
PRBs ensuring that the number of DC components in each sub-band will
not exceed one, and FLOOR represents a rounding-down operation. An
overlapping region refers to a region with shared PRBs between two
sub-bands. In this embodiment, in order to ensure that the number of DC
components in each sub-band will not exceed one, Noverrap < Nsuppana! 2 =

3, so max(Novgerrap) = 2, and Syax_overrap = 1.
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Then in the step S404, the number of remaining overlapping PRBs
Nremaiv overea 18 determined in Equation (4) of:

Nremam_overiap = (Ntorar_overrap — Suax_overrap™MaxX(Noveriap))  (4)

In this embodiment, Nggyamw overrap = 1.

As can be apparent from the steps S403 and S404, in this embodiment,
there shall be one overlapping region with 2 PRBs, and one overlapping
region with 1 PRB.

Next in the step S405, a sub-band arrangement pattern in the system
bandwidth as illustrated in Fig.5 is determined based upon the determined
number of overlapping regions with max(Novggrrap), Suax overiap, and the
determined number of remaining overlapping PRBS Nggyamv overia under a
predetermined constraint condition and a predetermined rule.

The predetermined constraint condition can be to minimize the
number of overlapping regions in a sub-band.

For example, the predetermined rule can be any one of:

(1) Sub-bands with overlapping regions are determined sequentially
starting from a sub-band at an edge;

(2) Sub-bands with overlapping regions are determined sequentially
upward or downward starting from a sub-band with a specific number;
and

(3) Sub-bands with overlapping regions are determined respectively
based upon a generated random sequence.

For the rule (1), sub-bands with overlapping regions can be
determined sequentially downward starting from a sub-band at an upper
edge, or sub-bands with overlapping regions can be determined
sequentially upward starting from a sub-band at a lower edge. As can be
appreciated, the rule (1) can be applied as long as the eNB and UE sides
agree in advance upon determining sub-bands with overlapping region
sequentially starting from a sub-band at an upper/lower edge, and for
example, they can agree in advance upon determining firstly an

overlapping region with 1 PRB and then an overlapping region with 2
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PRBs, or vice versa. Thus in this case, the eNB will not provide the UE
with any information about the sub-bands with overlapping regions.

Alike the rule (2) can be applied as long as the eNB and UE sides
agree in advance upon determining sub-bands with overlapping region
sequentially upward or downward starting from a sub-band with a specific
number, so the eNB will not provide the UE with any information about
the sub-bands with overlapping regions.

For the rule (3), the eNB determines sub-bands with overlapping
regions respectively based upon a generated random sequence, so the eNB
will provide the UE with information about the sub-bands with
overlapping regions, for example, in a broadcast message after
determining the sub-bands with overlapping regions, wherein the
information can include, for example, which sub-bands overlap with next
sub-bands, and the numbers of their overlapping PRBs.

As can be appreciated, the predetermined rule will not be limited to
the several predetermined rules listed above, but any other appropriate
rules can be applicable to the inventive idea.

As can be appreciated, there are only three sub-bands in this
embodiment, so there will be two overlapping regions in the sub-band 2.

Advantageously after the number of remaining PRBs Py in the system
bandwidth is determined in the step S401, the eNB can further judge
whether the number of remaining PRBs Py is above a threshold, and if yes,
then the eNB will perform the step S402 and the subsequent steps.

After the sub-band arrangement pattern as illustrated in Fig.5 is
determined, the eNB allocates for the respective UEs the sub-bands
corresponding thereto in the step S406. Then in the step S407, the eNB
transmits an EPDCCH carrying downlink control information including
sub-band indicators corresponding to the respective UEs, wherein the
sub-band indicator includes, for example, information about sequence
numbers of the sub-bands allocated to the respective UE, and an indicator
of PRBs available in the sub-bands.
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At the UE side, alike the UE determines the number of overlapping
regions with max(Novgrrap), Suax overrap, and the number of remaining
overlapping PRBS Ngzyav overra 1n Equations (1) to (4) above.

Then the UE receives an EPDCCH, and obtains a sub-band indicator
corresponding to the UE from downlink control information carried by the
EPDCCH.

Next the UE determines locations of sub-bands allocated to the UE
based upon the determined number of overlapping regions with
max(Noverriar), Smax overiap, and the determined number of remaining
overlapping PRBS  Nggyamv overza under a predetermined constraint
condition according to the obtained sub-band indicator corresponding to
the UE.

The predetermined constraint condition can include, for example,
minimization of the number of overlapping regions in a sub-band.

As can be appreciated, in the case described above where the
predetermined rule is the rule (3), the UE further receives information
about sub-bands with overlapping regions from the eNB. Then the UE
determines the locations of the sub-bands allocated to the UE based upon
the determined number of overlapping regions with max(Noveriar),
Suax overrap, and the determined number of remaining overlapping PRBs
Nremaiv overra under the predetermined constraint condition according to
the received information about the sub-bands with overlapping regions,
and the obtained sub-band indicator corresponding to the UE.

Example 2: 10MHz system bandwidth with 50 PRBs

Alike the number of remaining PRBs Pg =2 in the system bandwidth;
the total number of overlapping PRBs Nyozar overiap =4; the number of
overlapping regions with max(Novgrrap), Suax overrap = 2; and the number
of remaining overlapping PRBS Nggyamwv overia =0 are determined in
Equations (1) to (4). Thus in this embodiment, there shall be two
overlapping regions with two PRBs.

Under a predetermined constraint condition to minimize the number of
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overlapping regions in a sub-band, two overlapping regions shall be
avoided from being placed in the same sub-band, that is, there will be at
most one overlapping region in a sub-band. Additionally if the sub-band 3
and the sub-band 8 are determined as sub-bands with overlapping regions
under the rule (3) above, then a sub-band arrangement pattern as
illustrated in Fig.6 shall be obtained. In this embodiment, only 4 bits will
be required to indicate the sub-band locations in contrast to 6 bits required
to indicate sub-band locations in the conventional scheme without any
constraints, so the technical solution according to the invention can
reduce in effect the number of required bits.

With the technical solution according to the invention, the number of
bits required to indicate sub-band locations can be reduced in effect.

In one or more illustrative designs, the functions described in this
application can be performed in hardware, software, firmware or any
combination thereof. If the functions are performed in software, then they
can be stored on a computer readable medium as one or more instructions
or codes or transmitted as one or more instructions or codes on a computer
readable medium including a computer storage medium or a
communication medium, wherein the communication medium includes
any medium over which computer program is transported from one place
to another. The storage medium can be any available medium accessible
to a general purpose or proprietary computer. The computer readable
medium can include but will not be limited to, for example, an RAM, an
ROM, an EEPROM, a CD-ROM or other optical disk storage devices,
magnetic disk storage devices or other magnetic storage devices or any
other medium which can carry or storage a desirable program code
module in the form of an instruction or data structure accessible to a
general purpose or proprietary computer or a general purpose or
proprietary processor. Moreover the any medium can also be referred to as
a computer readable medium. For example, if the software is transmitted

from a website, a server or another remote source over a coaxial cable, an
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optical fiber cable, a twisted-pair, a Digital Subscriber Line (DSL) or
radio technologies, e.g., infrared, radio or microwave or the like, then a
coaxial cable, an optical fiber cable, a twisted-pair, a DSL or radio
technologies, e.g., infrared, radio or microwave or the like will also be
encompassed in the definition of the medium.

Various exemplary logic blocks, modules and circuits described in this
disclosure can be embodied or executed in a general purpose processor, a
Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA) or another
programmable logic device, discrete gate or transistor logic, discrete
hardware component or any combination to perform the functions
described here. Respective elements in the apparatus disclosed in this
context can be embodied in discrete hardware components or can be
integrated on a single hardware component, e.g., a processor. The general
purpose can be a microprocessor, or the processor can be any general
processor, controller, micro controller or state machine. The processor can
alternatively be embodied in a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, a combination of one or more microprocessors and DSP
cores or any other such a structure.

Those ordinarily skilled in the art shall further appreciate that the
various exemplary logic blocks, modules, circuits and algorithm steps
described in connection with the embodiments of this application can be
embodied in electronic hardware, computer software or a combination of
both. In order to clearly represent such interchangeability between
hardware and software, the various exemplary components, blocks,
modules, circuits and steps have been described above in general in terms
of their functions. Whether the functions are performed in hardware or
software can be decided by a particular application or a design constraint
condition imposed on the entire system. Those skilled in the art can

implement the functions described here for respective particular
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applications with numerous modifications, but such an implementation
decision shall not be taken as a departure from the scope of the invention.

The foregoing description of this disclosure is intended to enable any
ordinarily skilled in the art to make or use the invention. Various
modifications of this disclosure will be obvious to those ordinarily skilled
in the art, and the general principle defined in this context can also be
applicable to other variants without departing from the spirit and the
scope of the invention. Accordingly the invention will not be limited to
the examples and the designs described in this context but can be
consistent with the broadest scope of the principle and the novel features

disclosed in this context.
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CLAIMS

I. A method, in an eNB of a machine type communication based
communication system, of allocating a sub-band to a UE, the method
comprising the steps of:

- determining the number of remaining PRBs Px in a system bandwidth
in the equation of:

Pr = Nprg MOD N.p-pand,

wherein Npgp represents the total number of sub-bands in the system
bandwidth, Ng..s..a represents the number of PRBs in a sub-band, and MOD
represents a remainder operation;

- determining the total number of overlapping PRBS Nz overiap in
the equation of:

N TOTAL_OVERLAP = N Subband — P R>

- determining the number of overlapping regions with max(Novrrrap),
Swmax overrap in the equation of:

Suax_overiap = FLOOR(Nromr_overiar/Max(Noverap)),

wherein max(Noverrap) represents the largest number of overlapping
PRBs ensuring that the number of direct current components in each sub-band
will not exceed one, and FLOOR represents a rounding-down operation;

- determining the number of remaining overlapping PRBs
Nremamw overra 10 the equation of:

Nremam_overiap = (Ntorar_overrap — Suax_overrap™Max(Noveriap)); and

- determining a sub-band arrangement pattern in the system bandwidth
based upon the determined number of overlapping regions with max(Noverrap),
Suax overrap, and the determined number of remaining overlapping PRBs
Nremamvy overza under  a  predetermined  constraint  condition and a
predetermined rule.

2. The method according to claim 1, wherein the method further
comprises the steps of:

- allocating for respective UEs sub-bands corresponding thereto based
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upon the determined sub-band arrangement pattern; and

- transmitting an EPDCCH carrying downlink control information
including sub-band indicators corresponding to the respective UEs.

3. The method according to claim 1, wherein the predetermined
constraint condition comprises minimization of the number of overlapping
regions in a sub-band.

4. The method according to claim 1, wherein the predetermined rule
includes any one of:

(1) sub-bands with overlapping regions are determined sequentially
starting from a sub-band at an edge;

(2) sub-bands with overlapping regions are determined respectively
based upon a generated random sequence; and

(3) sub-bands with overlapping regions are determined sequentially
upward or downward starting from a sub-band with a specific number.

5. The method according to claim 1, wherein the method further
comprises the steps of:

- providing respective UEs with information about sub-bands with
overlapping regions, wherein the information includes which sub-bands
overlap with next sub-bands, and the numbers of their overlapping PRBs.

6. The method according to claim 1, wherein the method further
comprises the steps of:

- judging whether the determined number of remaining PRBs Pj in the
system bandwidth is above a threshold; and

- if yes, then performing the step of determining the total number of
overlapping PRBS Nyozur overrap and the subsequent steps.

7. A method, in a UE of a machine type communication based
communication system, of determining locations of sub-bands, the method
comprising the steps of:

- determining the number of remaining PRBs Px in a system bandwidth
in the equation of:

Pr = Nprg MOD N.p-pand,
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wherein Npgp represents the total number of sub-bands in the system
bandwidth, Ng..s..a represents the number of PRBs in a sub-band, and MOD
represents a remainder operation;

- determining the total number of overlapping PRBS Nyogur overiap In
the equation of:

N TOTAL_OVERLAP = N, Subband — P R>

- determining the number of overlapping regions with max(Noverrap),
Swmax overrap in the equation of:

Suax_overiap = FLOOR(Nromr_overiar/Max(Noverap)),

wherein max(Noyerrap) represents the largest number of overlapping
PRBs ensuring that the number of direct current components in each sub-band
will not exceed one, and FLOOR represents a rounding-down operation;

- determining the number of remaining overlapping PRBs
Nremamw overra 10 the equation of:

Nremam_overiap = (Ntorar_overrap — Suax_overrap™Max(Noveriap)); and

- receiving an EPDCCH, and obtaining a sub-band indicator
corresponding to the UE from downlink control information carried by the
EPDCCH; and

- determining locations of sub-bands allocated to the UE based upon
the determined number of overlapping regions with max(Novgrrap)s
Swmax overrap, and the determined number of remaining overlapping PRBs
Nremav overza under a predetermined constraint condition according to the
obtained sub-band indicator corresponding to the UE.

8. The method according to claim 7, wherein the method further
comprises the steps of:

- receiving information about sub-bands with overlapping regions from
an eNB, wherein the information includes which sub-bands overlap with next
sub-bands, and the numbers of their overlapping PRBs;

wherein the step of determining the locations of the sub-bands
allocated to the UE comprises:

- determining the locations of the sub-bands allocated to the UE, based
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upon the determined number of overlapping regions with max(Novgriap),
Swmax overrap, and the determined number of remaining overlapping PRBs
Nremav overra under the predetermined constraint condition according to the
received information about the sub-bands with overlapping regions, and the
obtained sub-band indicator corresponding to the UE.

9. The method according to claim 7, wherein the predetermined
constraint condition includes minimization of the number of overlapping
regions in a sub-band.

10. An apparatus, in an eNB of a machine type communication based
communication system, for allocating a sub-band to a UE, the apparatus
comprising:

a first calculating unit configured:

to determine the number of remaining PRBs Pr in a system
bandwidth in the equation of:

Pgr = Npgg MOD Nsub-bands

wherein Npgp represents the total number of sub-bands in the
system bandwidth, Ns.sma represents the number of PRBs in a sub-band, and
MOD represents a remainder operation;

to determine the total number of overlapping PRBS Nyogur overiap
in the equation of:

N TOTAL_OVERLAP = N, Subband — P R>

to determine the number of overlapping regions with
max(Noverrar), Suax overrap in the equation of:

Smax_overrap = FLOOR(Nroza1_overrar/max(Noveriap)),

wherein  max(Noverrap) represents the largest number of
overlapping PRBs ensuring that the number of direct current components in
each sub-band will not exceed one, and FLOOR represents a rounding-down
operation; and

to determine the number of remaining overlapping PRBs

NREMAIN_OVERLA in the equation of:

NREMAIN_OVERLAP = (N TOTAI, OVERLAP — SMAX_OVERLAP*maX(N OVERLAP)); and
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a first determining unit configured to determine a sub-band
arrangement pattern in the system bandwidth based upon the determined
number of overlapping regions with max(Noverrar), Smax overrap, and the
determined number of remaining overlapping PRBS Nggyamw overza under a
predetermined constraint condition and a predetermined rule.

11. The apparatus according to claim 10, wherein the apparatus further
comprises:

an allocating unit configured to allocate respective UEs sub-bands
corresponding thereto based upon the determined sub-band arrangement
pattern; and

a first transmitting unit configured to transmit an EPDCCH carrying
downlink control information including sub-band indicators corresponding to
the respective UEs.

12. The apparatus according to claim 10, wherein the predetermined
constraint condition comprises minimization of the number of overlapping
regions in a sub-band.

13. The apparatus according to claim 10, wherein the predetermined
rule includes any one of:

(1) sub-bands with overlapping regions are determined sequentially
starting from a sub-band at an edge;

(2) sub-bands with overlapping regions are determined respectively
based upon a generated random sequence; and

(3) sub-bands with overlapping regions are determined sequentially
upward or downward starting from a sub-band with a specific number.

14. The apparatus according to claim 10, wherein the apparatus further
comprises:

a second transmitting unit configured to provide respective UEs with
information about sub-bands with overlapping regions, wherein the
information includes which sub-bands overlap with next sub-bands, and the
numbers of their overlapping PRBs.

15. An apparatus, in a UE of a machine type communication based
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communication system, for determining locations of sub-bands, the apparatus
comprising:

a second calculating unit configured:

to determine the number of remaining PRBs Pp in a system
bandwidth in the equation of:

Pr = Nprg MOD N.p-pand,

wherein Npgg represents the total number of sub-bands in the
system bandwidth, Ns.;,.c represents the number of PRBs in a sub-band, and
MOD represents a remainder operation;

to determine the total number of overlapping PRBS Nyomz, overrar
in the equation of:

N TOTAL_OVERLAP = N Subband — P R>

to determine the number of overlapping regions with
max(Noverrar), Smax overrap in the equation of:

Suax_overiap = FLOOR(Nromr_overiar/Max(Noverap)),

wherein  max(Noygriap) represents the largest number of
overlapping PRBs ensuring that the number of direct current components in
each sub-band will not exceed one, and FLOOR represents a rounding-down
operation; and

to determine the number of remaining overlapping PRBs
Nremamw overra 10 the equation of:

Nremamv_overiap = (Ntorar_overrap — Suax_overrap™MaxX(Noveriar));

a receiving unit configured to receive an EPDCCH, and to obtain a
sub-band indicator corresponding to the UE from downlink control
information carried by the EPDCCH; and

a second determining unit configured to determine locations of
sub-bands allocated to the UE based upon the determined number of
overlapping regions with max(Novgrrar), Smax overiap, and the determined
number of remaining overlapping PRBS Nggyav overia under a predetermined
constraint condition according to the obtained sub-band indicator

corresponding to the UE.
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