
IMPROVED SCHEDULING IN A CELLULAR SYSTEM TECHNICAL
FIELD The present invention discloses a method and a
device for scheduling in a wireless cellular system.
BACKGROUND In the cellular system known as E-UTRAN,
Evolved Universal Terrestrial Radio Access Network,
also known as the Long Term Evolution system, LTE the
downlink transmissions (i.e. transmissions from the
controlling node of a cell to users in the cell) are
based on Orthogonal Frequency Division Multiplexing,
OFDM, with OFDM symbols which can extend over a number
of subcarriers and which have a certain extension in
time as well. Due to this, the E-UTRAN physical
downlink resource can be seen as a timefrequency grid,
comprising a number of resource elements, with each
resource element corresponding to one OFDM subcarrier
in one OFDM symbol interval. In time, the E-UTRAN
downlink transmissions are organized into so called
radio frames, each of which comprises ten so called
subframes with an extension in time of 1 ms, so that
an E-UTRAN radio frame has a total extension in time
of 10 ms. In E-UTRAN systems, so called L1/L2 control
signalling is used for transmitting downlink
scheduling assignments, which are required for the
users ("terminals") to properly receive, demodulate
and decode downlink data, as well as uplink scheduling
grants informing the terminals about 



resources and transport format for the uplink
transmissions, together with hybrid-ARQ
acknowledgements in response to uplink data
transmission.In E-UTRAN, the downlink L1/L2 control
channels are mapped to the first 1-3 OFDM symbols
within a subframe. Thus, each E-UTRAN subframe can be
said to be divided into a control region and a data
region, with the control region being first in time.
The size of the E-UTRAN control region is always equal
to an integer number of OFDM symbols ( 1 , 2 or 3 OFDM
symbols can be used for control signalling) and can be
varied per subframe, which maximizes the spectral
efficiency as the control signalling overhead can be
adjusted to match the instantaneous traffic situation.
The location of the control signalling at the
beginning of the subframe is advantageous, as it
enables a terminal to decode the downlink scheduling
assignment (DL-SCH) prior to the end of the subframe.
Decoding of the DLSCH can thus begin directly after
the end of the subframe, without having to wait for
the decoding of the L1/L2 control information, which
minimizes the delay in the DL-SCH decoding and thus
the overall downlink transmission delay. The E-UTRAN
downlink L1/L2 control signalling consists of three
different physical channel types:  PCFICH, the
Physical Control Format Indicator Channel, which is
used to inform the terminal of the number of OFDM
symbols ( 1 . 2, or 3) that are used for L1/I2 control
signalling in the current subframe. At present, there
is only one PCFICH in a cell. 



PDCCH, the Physical Downlink Control Channel, which is
used to carry downlink scheduling assignments and
uplink scheduling grants. In addition, it may also be
used for power control of a group of terminals.
Typically, there are multiple PDCCHs in a cell. PHICH
1 the Physical Hybrid-ARQ Indicator Channel, which is
used to transmit ACK/NACK in response to reception of
UL-SCH transmissions. Typically, there are multiple
PHICHs in a cell. A closer description of the PCFICH
and PHICH control channels is as follows: PCFICH - the
Physical Control Format Indicator Channel The PCFICH
is used to indicate the number of OFDM symbols used
for L1/L2 control signalling in the current subframe,
or, equivalently, where in the subframe the data
region starts. Reception of the PCFICH is thus
essential to correct operation of the system. If the
PCFICH is incorrectly decoded, the terminal will
neither know where to find the control channels, nor
where the data region starts, and will therefore lose
any uplink scheduling grants transmitted, as well as
any DL-SCH data transmission intended for the
terminal. At present, two bits of information,
corresponding to a control region size of 1, 2, or 3
OFDM symbols, are coded into a 32-bit long sequence
using a so called rate-1/16 simplex code. The coded
bits are scrambled, QPSKmodulated, and mapped to 16
E-UTRAN OFDM resource elements. To be compatible with
the different E-UTRAN transmit diversity schemes,
which are specified in groups of 4 symbols, the 16
resource elements are grouped into 



4 groups of 4 elements each. Such a group of 4
resource elements is sometimes referred to as a
mini-CCE (Control Channel Element), also known as a
resource-element group. Frequency diversity is
important for reliable PHICH reception. Therefore, the
PCFICH is mapped to 4 mini-CCEs which are well
separated in frequency. In the current 3GPP (3rd
Generation Partnership Project) specifications, this
is obtained by dividing the overall downlink system
bandwidth into four equallysized quarters with one
mini-CCE in each quarter, so that the mini-CCEs used
for PCFICH are equally spaced in frequency. PHICH -
the Physical Hvbrid-ARQ Indicator Channel The PHICH is
used for transmitting hybrid-ARQ acknowledgements in
response to UL-SCH transmission. There is one PHCIH
for each terminal which expects an acknowledgement in
the subframe. Each PHICH carries one bit which is
repeated three times, modulated, spread with a
spreading factor of four, and then mapped to 3
mini-CCEs. Multiple PHICHs form a so called PHICH
group, and the PHICHs within a PHICH group are
code-multiplexed using different orthogonal spreading
sequences, and share the same set of resource
elements. In similarity to the PCFICH. frequency
diversity is important for the PHICH. At present, the
exact mapping of PCFICH in E-UTRAN has not been
decided in 3GPP, but ideally the 3 mini-CCEs used for
a PHICH should be spread over the full system
bandwidth. Typically, the PHICH is transmitted in the
first OFDM symbol only. However, in some propagation
environments, this would unnecessarily restrict the 



PHICH coverage. To alleviate this, it is possible to
configure a PHICH duration of three OFDM symbols, in
which case the control region will be three OFDM
symbols long in all subframes. At present, there is no
specification in E-UTRAN for the PHICH mapping.
However, to use the same approach as for the PCFICH,
i.e. to space the mapping of the three PHICH mini-CCEs
equally over the system bandwidth might cause
problems, since this could result in the PHCIH being
mapped to the same set of resource elements as the
PCFICH.SUMMARY Thus, as explained in the previous
section, there is a need for a solution to the problem
of scheduling or mapping the two control channels
PCFICH and PHICH in an E-UTRAN subframe so that the
risk of collisions is obviated. Ideally, such a
solution should be possible to apply to virtually any
two channels, not just two control channels, and
should also not be restricted to downlink scheduling.
Such a solution is offered by the present invention in
that it discloses a method for use in a wireless
cellular communications system, in which system a
controlling node controls the transmissions to and
from users in a cell. In a system in which the
invention can be applied, transmissions are made in
subframes with a certain extension in time and over a
certain amount of subcarriers in frequency. The
subframes comprise a number of subelements, and the
method of the invention is intended for scheduling a
first and a second channel in one and the same
subframe. 



The method comprises the steps of:  dividing the
transmission resources needed for the first channel
into a first set of resource groups,  assigning the
resource groups of the first set to subelements in the
subframe in a predetermined fashion,  assigning a
symbol value to all subelements in the subframe which
have not been assigned a resource groups of the first
set,  dividing the transmission resources needed for
the second channel into a second set of resource
groups,  assigning, in a predetermined fashion, the
resource groups of the second set to subelements in
the subframe by means of said symbol values.Thus,
using the method of the invention, the resource groups
of the second channel can only be assigned to
subelements in the subframe which have not been
assigned to resource groups of the first channel,
which eliminates the risk of scheduling collisions. In
one embodiment of the invention, the resource groups
of the second set are assigned to subelements in the
subframe in such a manner that they are maximally
spaced apart from each other in frequency, while, in
another embodiment, the resource groups of the second
set are assigned to subelements in the subframe in
such a manner that they are spaced apart from each
other in frequency in a predetermined fashion.
Suitably, the first and the second channel to which
the invention is applied are control channels,
although the invention is not restricted to being
applied 



to control channels. Also, in a preferred embodiment,
the inventive scheduling is applied to downlink
subframes, although it can also be applied to uplink
subframes. The invention also discloses a scheduling
node for a system in which the invention is applied.
BRIEF DESCRIPTION OF THE DRAWINGS The invention will
be described in more detail in the following, with
reference to the appended drawings, in which Fig 1
shows an overview of a system in which the invention
can be applied, and Fig 2 shows downlink resources in
the system of fig 1, and Fig 3 shows a downlink
subframe, and Fig 4 shows a flow chart of a method of
the invention, andFig 5 shows a block diagram of a
scheduling node of the invention. DETAILED DESCRIPTION
The invention will be described below with use of
terminology from the EUTRAN standards. However, it
should be pointed out that this is merely in order to
facilitate the reader's understanding of the
invention, and is not intended to restrict the scope
of protection sought for the invention, which can be
applied other systems as well, where corresponding
principles are used. Fig 1 shows a schematic view of a
part of a system 100 in which the invention may be
applied. Thus, the system 100 is a wireless cellular
system which comprises a number of cells, one of which
is shown as 110 in fig 1. 



Each cell can hold a number of users, one of which,
120, is shown as an example, and a controlling node
130, in E-UTRAN known as eNodeB, controls traffic to
and from users 120 in the cell 110. Traffic from the
users, ("UE", user terminal), to the eNodeB is
referred to as uplink traffic, UL, and traffic in the
other direction is referred to as downlink traffic,
DL. The principle of OFDM which is used in E-UTRAN
systems was described in the previous section, and fig
2 shows pictorially the same principle, i.e. the
EUTRAN physical downlink resource as a frequency-time
grid, with a number of resource elements, each of
which corresponds to one OFDM subcarrier frequency
(Df) over one OFDM symbol interval. One resource
element is indicated as RE 210 in fig 2, in order to
further clarify the notion of resource elements. The
principle of radio frames in E-UTRAN which are
organized into subframes of 1 ms each was also
explained above, and fig 3 shows one such E-UTRAN
subframe 3 10. As indicated in fig 3, and as was also
explained in the previous section, the E-UTRAN control
signalling, i.e. the L1/L2 control channels, is placed
at the beginning (time-wise) of the E-UTRAN
subframes.In a subframe such as the one 3 10 of fig 3,
there will also be a number of reference symbols,
which do not directly pertain to the invention, but
which are shown as RS in fig 3 , A purpose of the
invention is to avoid scheduling collisions between
control channels, in particular the PCFICH and the
PHICH channel, i.e. the Physical Control Format
Indicator Channel and the Physical Hybrid ARQ
Indicator Channel. 



The PCFICH uses sixteen E-UTRAN resource elements,
grouped into four so called mini-CCEs, Control Channel
elements, while the PHICH uses a number of mini-CCEs
which is a multiple of three; the exact number of
PHICH mini-CCEs depends on the number of terminals
that expect an ACK/NACK in the subframe. The E-UTRAN
standard specifies how the four PCFICH mini-CCEs are
to be scheduled in the subframes: The overall downlink
system bandwidth is divided into four equally-sized
quarters with one PCFICH mini-CCE in each quarter. The
mini-CCEs used for PCFICH are thus equally-spaced in
the frequency domain. Thus, since the scheduling of
the PCFICH is specified in the E-UTRAN standard, the
invention needs to focus on how the PHICH mini-CCEs
should be scheduled in the subframes in order to avoid
collisions with the PCFICH mini-CCEs. One principle of
the invention is to assign a symbol value such as, for
example, a number or a letter or a combination of
those, to those mini-CCEs or subelements in the
subframe which have not been assigned a PCFICH
mini-CCE. The PHICH mini-CCEs are then assigned in a
predetermined fashion to mini-CCEs in the subframe
using these symbol values, which willlead to a
subframe in which the PCFICH and the PHICH mini-CCEs
will not be at risk of colliding. As will be realized
by the man skilled in the field, the exact manner in
which the PHICH mini-CCEs are assigned to the subframe
can be varied in a great many ways within the scope of
the present invention; examples of principles 



which may be used are to either use an assignment
method which assigns the PHICH mini-CCEs in such a
manner that they are maximally spaced apart from each
other in frequency and/or in time, or, alternatively,
that they are spaced apart from each other in
frequency and/or in time in some other predetermined
fashion. However, other principles for this are also
entirely possible within the scope of the present
invention. Two specific examples will now be given of
how the principles of the invention may be applied:
Example 1 1. Let N denote the number of not yet
allocated mini-CCEs in the subframe. Initialize N to
the total number of mini-CCEs in the system bandwidth,
2 . Let k denote the number of PHICH groups to which
resources have been allocated. Initialize k \o 0 , 3.
Allocate mini-CCEs to PCFICH, 4. Set N=N-A (since four
mini-CCEs are used for the PCFICH), 5. Number the
mini-CCEs which remain after step 3 from 0 to L/-1 ,6.
Allocate mini-CCE number 0, N/3 and 2L//3. If the
divisions result in non-integer results, rounding can
be used, e.g., through the "ceil" or "floor"
operators, 7. Set k=k+1 (since one additional PHICH
group has been allocated resources) 8. Set L/=L/-3
(three mini-CCEs used for the PHICH group) 9. If
additional PHICH groups are to be allocated, go back
to step 5, 



otherwise terminate the allocation. Example 2 Another
way of describing a mapping similar to that of example
1 is to specify the PHICH mapping relative to the
PCFICH mapping. This could be done as follows: 1. Let
N denote the number of not yet allocated mini-CCEs in
the subframe. Initialize N to the total number of
mini-CCEs in the system bandwidth, 2. Let k denote the
number of PHICH groups to which resources has been
allocated. Initialize k to O.AIIocate PCFICH
resources. Let n0 denote the number (in the frequency
domain) of the first mini-CCE for PCFICH, 3. Allocate
mini-CCEs number no+k, nQ+N/3+k and no+2N/3+k to PHICH
group k . If either of these mini-CCEs collides with
already allocated mini-CCEs, use the next higher
mini-CCE number until no collision occurs (e.g.
no+N/3+k+1, no+N/3+k+2, etc for the second mini-CCE of
the PHICH group; similarly for the third mini-CCE in
the group). If the divisions result in non-integer
results, rounding can be used, e.g., through "ceil" or
"floor" operators,4. Set k=k+ (one additional PHICH
group has been allocated resources), 5. If additional
PHICH groups are to be allocated, go back to step 4 ,
otherwise terminate the allocation. Fig 4 shows a
schematic flow chart of a generalized method 400 of
the 



invention. As has also emerged from the description
above, the method 400 is intended for use in a
wireless cellular communications system, and as
indicated in step 405, according to the method 400, a
controlling node such as an E-UTRAN eNodeB controls
the transmissions to and from users in a cell. Step 4
10 indicates that transmissions are made in subframes
with a certain extension in time and over a certain
amount of subcarriers in frequency, with the subframes
comprising a number of subelements, and as shown in
step 415, the method 400 is used for scheduling a
first and a second channel in one and the same
subframe. The method 400 comprises the steps of:
Dividing, step 420, the transmission resources needed
for the first channel into a first set of resource
groups,  Assigning, step 425, the resource groups of
the first set to subelements in the subframe in a
predetermined fashion,  Assigning, step 430, a symbol
value to all subelements in the subframe which have
not been assigned a resource groups of the first set,
Dividing, step 435, the transmission resources needed
for the second channel into a second set of resource
groups , Assigning, step 440, in a predetermined
fashion, the resource groups of the second set to
subelements 2 10 in the subframe by means of said
symbol values. As indicated in step 445, in one
embodiment of the method, the resource 



groups of the second set are assigned to subelements
in the subframe in such a manner that they are
maximally spaced apart from each other in frequency,
whilst, in another embodiment, as shown in step 450,
the resource groups of the second set are assigned to
subelements in the subframe in such a manner that they
are spaced apart from each other in frequency in a
predetermined fashion. As indicated in step 455, in
one embodiment of the invention, the first and the
second channel are control channels. Suitably, the
method 400 is applied to a downlink subframe. As shown
in step 460, the method 400 may in one embodiment be
applied to an E-UTRAN system, Long Term Evolution. In
such an embodiment, the subelements are mini-CCEs,
Control Channel Elements, also known as resource
element groups, and the control channels are the
PCFICH and PHICH channels, i.e. the Physical Control
Format Indicator Channel and the Physical Hybrid ARQ
Indicator Channel. The invention also discloses a
scheduling node for use in a cellular system in which
the invention is applied. In a preferred embodiment,
the inventive scheduling node is employed in a
controlling node of the system, e.g. an eNodeB of an
E-UTRAN system, although the scheduling node of the
invention can of course also be employed in other
nodes of the system. The scheduling node of the
invention will mainly be embodied in software, so that
it will be stored in a memory from which it can be
accessed andexecuted by a computer. For this reason,
fig 5, which schematically shows an example of an
embodiment 500 of a scheduling node of the invention
shows 



the scheduling node 500 inside an eNodeB, in a memory
510 and a processor 505 such as a microprocessor. It
should however, again be emphasized that the location
of the scheduling node 500 in an eNodeB of an E-UTRAN
system as shown in fig 5, is merely an example of a
device in which the inventive scheduling node 500 can
be utilized. As has also emerged from the description
above, the scheduling node 500 of the invention is
intended for use in a cellular communications system
in which transmissions to and from users are made in
subframes which have a certain extension in time and
which extend over a certain amount of subcarriers (Df)
in frequency. The subframes comprise a number of
subelements, and the scheduling node 500 is adapted to
schedule a first and a second channel in one and the
same subframe. The scheduling of the node 500
comprises:  dividing the transmission resources needed
for the first channel into a first set of resource
groups,  assigning the resource groups of the first
set to subelements in the subframe in a predetermined
fashion,  assigning a symbol value to all subelements
in the subframe which have not been assigned a
resource groups of the first set,  dividing the
transmission resources needed for the second channel
into a second set of resource groups ,  assigning, in
a predetermined fashion, the resource groups of the
second set to subelements in the subframe by means of
said symbol 



values. In one embodiment of the scheduling node 500,
the resource groups of the second set are assigned to
subelements in the subframe in such a mannerthat they
are maximally spaced apart from each other in
frequency, whilst, in another embodiment, the resource
groups of the second set are assigned to subelements
in the subframe in such a manner that they are spaced
apart from each other in frequency in a predetermined
fashion. Suitably, the first and the second channel to
which the scheduling is applied are control channels,
and in one embodiment, the scheduling node the
scheduling to one or more downlink subframes.
Preferably, the scheduling node 500 is employed in an
E-UTRAN system, suitably in an eNodeB of an E-UTRAN
system. The invention is not limited to the examples
of embodiments described above and shown in the
drawings, but may be freely varied within the scope of
the appended claims.CLAIMS 1. A method (400) for use
in a wireless cellular communications system ( 100),
according to which method a controlling node ( 130)
controls (405) the transmissions to and from users
(120) in a cell ( 1 10), and ( 100) transmissions are
made (410) in subframes (31 0) with a certain
extension in time and over a certain amount of
subcarriers (Df) in frequency, said subframes (310)
comprising a number of subelements (21 0), the method
being used for scheduling (41 5) a first and a second
channel in one and the same subframe, the method
comprising the steps of:  dividing (420) the
transmission resources needed for the first channel 



into a first set of resource groups,  assigning (425)
the resource groups of the first set to subelements
(21 0) in the subframe (310) in a predetermined
fashion,  assigning (430) a symbol value to all
subelements (210) in the subframe (31 0) which have
not been assigned a resource groups of the first set,
dividing (435) the transmission resources needed for
the second channel into a second set of resource
groups ,  assigning (440), in a predetermined fashion,
the resource groups of the second set to subelements
(210) in the subframe by means of said symbol values.
2 . The method (400, 445) of claim 1, according to
which the resource groups of the second set are
assigned to subelements (210) in the subframe (310) in
such a manner that they are maximally spaced apart
from each other in frequency. 3. The method (400, 450)
of claim 1, according to which the resource groups of
the second set are assigned to subelements (21 0) in
the subframe (310) insuch a manner that they are
spaced apart from each other in frequency in a
predetermined fashion. 4. The method (400, 455) of any
of claims 1-3, according to which the first and the
second channel are control channels. 5. The method
(400) of any of the previous claims, applied to a
downlink subframe (310). 6. The method (400, 460) of
any of the previous claims, applied to an EUTRAN 



system, Long Term Evolution. 7. The method of claim 6,
according to which the subelements are mini- CCEs,
Control Channel Elements, i.e. groups of four E-UTRAN
resource elements (21 0). 8. The method (400) of any
of claims 4-7, according to which the control channels
are the PCFICH and PHICH channels, i.e. the Physical
Control Format Indicator Channel and the Physical
Hybrid ARQ Indicator Channel. 9. A scheduling node
(500) for use in a cellular communications system
(100) in which transmissions to and from users are
made in subframes (310) which have a certain extension
in time and which extend over a certain amount of
subcarriers (Df) in frequency, with the subframes
(310) comprising a number of subelements (210), the
scheduling node (500) being adapted to schedule a
first and a second channel in one and the same
subframe, with the scheduling comprising:  dividing
the transmission resources needed for the first
channel into a first set of resource groups,
assigning the resource groups of the first set to
subelements (21 0) in the subframe (310) in a
predetermined fashion, assigning a symbol value to all
subelements (210) in the subframe (310) which have not
been assigned a resource groups of the first set,
dividing the transmission resources needed for the
second channel into a second set of resource groups ,
assigning, in a predetermined fashion, the resource
groups of the second set to subelements (21 0) in the
subframe by means of said 



symbol values. 10. The scheduling node of claim 9 , in
which the resource groups of the second set are
assigned to subelements (210) in the subframe (310) in
such a manner that they are maximally spaced apart
from each other in frequency. 11. The scheduling node
of claim 9, in which the resource groups of the second
set are assigned to subelements (210) in the subframe
(310) in such a manner that they are spaced apart from
each other in frequency in a predetermined fashion.
12. The scheduling node of any of claims 9-1 1, in
which the first and the second channel are control
channels. 13. The scheduling node of any of claims
9-12, which applies the scheduling to a downlink
subframe (31 0). 14. The scheduling node of any of
claims 9-1 3 , being employed in an EUTRAN system,
Long Term Evolution. 15. The scheduling node of claim
14, being employed in an eNodeB in an EUTRAN
system.16. The scheduling node of claim 14 or 15, in
which the subelements are mini-CCEs, Control Channel
Elements, i.e. groups of four E-UTRAN resource
elements (210). 17. The scheduling node of any of
claims 12-16, in which the control channels are the
PCFICH and PHICH channels, i.e. the Physical Control
Format Indicator Channel and the Physical Hybrid ARQ
Indicator Channel. 


