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METHOD AND ARRANGEMENT IN A TELECOMMUNICATION SYSTEM

TECHNICAL FIELD

The present invention relates to a method and a device in a telecommunications system. In
particular the present invention relates to a method and a device for assigning transmission

resources to mobile terminals in a telecommunications system.

BACKGROUND

The duplex arrangement of a radio-access technology defines how uplink (mobile-terminal-
to-network) and downlink (network-to-mobile-terminal) transmission can co-exist in a
telecommunications system. There are basically two duplex schemes available. These are

depicted in Fig. 1.

Frequency Division Duplex (FDD) implies that downlink (DL) and uplink (UL) transmissions
take place on different frequencies, so-called frequency separation. In case of FDD, downlink
and uplink transmission can thus take place simultaneously on the same radio link, i.e.

to/from the same mobile terminal.

Time Division Duplex (TDD) implies that downlink and uplink transmission take place in

different time slots, so-called time separation. In case of TDD, downlink and uplink
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transmission can thus take place on the same frequency (non-FDD), i.e. a single frequency is

sufficient to support both downlink and uplink transmission.

In case of TDD, the specific sets of time slots assigned for downlink and uplink transmission
respectively is referred to as the DL/UL assignment or the DL/UL pattern. Different DL/UL
patterns may be configured, e.g. depending on the need for different capacity for downlink
and uplink transmission. Fig. 2 illustrates two different DL/UL patterns with a 1:1 DL/UL
assignment ratio (one downlink time slot for each uplink time slot) and a 4:1 DL/UL

assignment ratio (four downlink time slots for each uplink time slot) respectively.

Typically the period of the DL/UL pattern can be one frame, where a frame may e.g. be of
length 10 ms and consist of 10 subframes, each of length 1 ms. This means that the DL/UL
pattern repeats itself every frame. However, the DL/UL assignment could also have a longer
period, e.g. a period of two frames (20 ms) or four frames (40 ms), implying that the DL/UL

pattern repeats itself every 20 ms and every 40 ms respectively.

A special case of FDD operation, i.e. duplex operation with downlink and uplink transmission
on different frequencies, is so-called half-duplex operation. Half-duplex operation implies
that, from a UE point-of-view, uplink and downlink transmissions do not take place
simultaneously, see Fig. 3. Thus, in some sense, half-duplex operation can be seen as a
combination of FDD and TDD for a given link. It should be noted though that, on system
level and from a base station point-of-view, uplink and downlink transmission may still be

simultaneous in case of half-duplex operation within cell.

One reason for employing half-duplex operation is to reduce mobile terminal complexity as
the requirements on the terminal, duplex filter can be relaxed. The terminal is also termed user

equipment (UE) or mobile station.
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One way to implement half-duplex operation is to, for each mobile terminal, assign a DL/UL
pattern, similar to TDD as discussed above. This pattern can then be repeated with a period of
N frames, where N is a small integer equal to or larger than one, (for example N=1, N=2, or
N=4).

In order to efficiently utilize both the uplink and downlink radio resources in case of half-
duplex FDD, different mobile terminals should be assigned different DL/UL patterns. This is
a result from the fact that, for each subframe, there should be at least one downlink
transmission and one uplink transmission. Thus, at least one mobile terminal should be
assigned a DL/UL pattern with the given subframe assigned for downlink transmission and at
least one mobile terminal should be assigned a DL/UL pattern with the given subframe

assigned for uplink transmission. Thus, the two patterns could not be identical.

In contrast, if, for a given subframe, no mobile terminal is assigned a DL/UL pattern with the
subframe assigned for uplink transmission, the uplink radio resource is not fully utilized. The

same is true for the downlink.

However, in a radio access system, some specific subframes are often used for downlink
transmission of so-called system information. The mobile terminals should be able to read this
information in order to understand the status of the system, how to access the system, etc. As
an example, in Long Term Evolution (LTE) some system information, more specifically the
so-called Master Information Block (MIB), is transmitted on the BCH transport channel
during the first subframe of each 10 ms frame. Additional system information may be

periodically transmitted on the downlink within other subframes.

In case of a periodic DL/UL pattern, with a period being (a multiple of) a frame, there may

then be two alternatives:

- No mobile terminal is assigned a DL/UL pattern with uplink transmission in subframes

where system information is transmitted. The problem with this alternative is that, in these
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subframes, there can be no uplink transmission and thus uplink radio-resources are thus

wasted.

- Some mobile terminals are assigned DL/UL patterns with uplink transmission in the
subframes where system information is transmitted. These mobile terminals are then not able
to read the system information, which is an unacceptable situation as knowledge of the system

information is required for proper operation of a mobile terminal.

As a result from the above there exists a need for a method and a device for assigning DL/UL
patterns to mobile terminals in a communications system that removes or reduces one or some

of the problems indicated above.

SUMMARY

It is an object of the present invention to provide a solution for assigning DL/UL patterns to
mobile terminals in a communications system that at least to a certain extent alleviates one or

some of the problems indicated above.

It is also an object of the present invention to provide a strategy and means for assigning
DL/UL patterns in a system e.g. operating in half-duplex mode that enables optimized use of

available transmission resources.

It is furthermore an object of the present invention to provide a method and arrangement for
assigning DL/UL patterns to mobile terminals, e.g. operating in half-duplex mode, which

allows for downlink system information to be received therein.

At least one of the above objects is achieved with the method, mobile terminal or the base

station according to the appended independent claims. Further objects and advantages are
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evident from the dependent claims. Thus, in accordance with the present invention a method
and a user equipment are provided wherein the DL/UL pattern for a mobile terminal is
generated such that downlink system information transmissions will take place in different
subframes of the pattern. Thus, the pattern is generated such that downlink system
information transmissions will not always take place in subframes of the pattern assigned for

uplink transmission.

In accordance with one embodiment of the present invention a method in a base station of a
wireless communication system for assigning a DL/UL transmission pattern which is different
and unique to each terminal of a set of mobile terminals allowing receiving downlink system

information on the respective different and unique pattern of each terminal is provided.

For example in a first step a DL/UL pattern for a specific terminal of a set is generated. The
pattern for the specific terminal different as compared to patterns generated for other
terminals of the set, wherein the pattern is generated such that downlink system information
transmissions will only take place in a subset of the subframes of the pattern assigned for

uplink transmission. The generated pattern is then assigned to the specific terminal of the set.

In accordance with one embodiment the assigned DL/UL patterns are periodic with a period

M which is not a multiple of the frame length N.

In accordance with one embodiment the assigned DL/UL patterns are pseudo-random.

In accordance with one embodiment the DL/UL patterns are extended with a rule stating that
certain subframes are to be used for downlink transmission even if they are uplink subframes

according to the assigned periodic DL/UL pattern.
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Thus, According to one embodiment of the invention, the unique DL/UL pattern is generated
as a periodic pattern with a period of subframes M, which is not a multiple of a frame length

N, where N equals the number of subframes in the frame.

In an alternative embodiment, the unique DL/UL pattern is generated as a non-periodic
pseudo-random pattern by a pseudo random generator such as a shift register, or the unique
pattern is alternatively generated as a periodic pattern with a period equal to a multiple of a
frame and comprising an additional rule defining all subframes where system information is

transmitted as downlink frames.

According to a further embodiment, the unique pattern is determined by assigning a period of
M subframes, where M is selected so that m*M=k*K only for relatively large integer values

for m and k, wherein K is the number of subframes constituting a frame.

The present invention also extends to a base station, such as an eNodeB, of a wireless
communication system capable of generating and assigning a DL/UL transmission pattern to a
specific terminal of a set of mobile terminals, which pattern is unique when compared to
patterns of the other terminals of the set, the unique pattern allowing receiving downlink
system information thereon, wherein the base station comprises means arranged to perform

the method according to the above.

The present invention and embodiments thereof as described herein provides the advantage of
allowing full utilization of both the downlink and uplink radio resources without prohibiting
the acquiring of system information for all mobile terminals. The features described above in
relation to the method according to the invention may, where applicable, also be implemented

in a radio base station or a User equipment according to the invention with the same

advantages as described in relation to the method.
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As is realized by the person skilled in the art different described features can be combined in

the same embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail by way of non-limiting examples

and with reference to the accompanying drawings, in which:

- Fig. 1 schematically illustrates Frequency Division Duplex (FDD) and Time Division
Duplex (TDD).

- Fig. 2 schematically illustrates different DL/UL patterns in case of TDD.
- Fig. 3 schematically illustrates half-duplex operation.
- Fig. 4 is a general view of a cellular radio system, and

- Figs. 5a - 5c are flowcharts illustrating steps performed when generating a DL/UL pattern.

DETAILED DESCRIPTION

In the following, various embodiments of the invention will be described. Generally, the
present invention involves a method and radio base station for generating and assigning a
different DL/UL transmission pattern to each terminal of a set of mobile terminals, which
mutually unique patterns each allows receiving downlink system information thereon to the

respective terminal.

In Fig.4, a general view of a cellular radio system 400 is depicted. The system can for
example be a Long-Term Evolution (LTE) system or a similar system. The system 400
comprises a base station (eNode B) 401. The base station 401 serves a number of mobile
terminals, usually termed User Equipment (UE) 403, located within the area covered by the

base station 401.
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The Node B communicates with the UEs using a suitable DL/UL pattern for example using
half-duplex transmission. The Uplink/Downlink pattern for a User equipment is generated
such that downlink system information transmissions will take place in different subframes of

the pattern assigned for uplink transmission.

- In accordance with one embodiment the assigned DL/UL patterns are periodical with a

period M which is not a multiple of the frame length N.

- In accordance with one embodiment the assigned DL/UL patterns are pseudo-random.

- In accordance with one embodiment the DL/UL patterns are extended with a rule stating that
certain subframes are to be used for downlink transmission even if they are uplink subframes

according to the assigned periodic DL/UL pattern.

Exemplary methods and radio base stations also termed NodeBs or eNodeBs adapted to
generate DL/UL patterns of the invention are described more in detail in the following.
According to a first embodiment of the invention it is assumed that a frame consists of N
subframes, where e.g. K may be set to 10 as is suitable in a Long Term Evolution (LTE)
system. Instead of assigning different periodic DL/UL patterns to different mobile terminals
with a period equal to a multiple of the frame length, e.g. one, two, or four frames, the
different mobile terminals are assigned patterns with a period of M subframes, where M
should be selected so that m*M = k*N only for relatively large integers m and k. As an
example, by selecting M=9 (and assuming N = 10), the above relation will hold for m=10,
=9, but not for smaller values of k. As a consequence, if a given subframe within a frame is
assigned as an uplink subframe in a certain frame n, this subframe will also be assigned as an
uplink subframe in frame n+9 but not necessarily in frames in between. Thus it can be
avoided that the same subframe, e.g. a subframe #0, will be assigned as uplink subframe in all

frames.
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In Fig. 5a procedural steps performed in a radio base station eNodeB when generating an
DL/UL transmission patterns for a particular mobile station of a set of mobile terminals also
termed User Equipment (UE) in accordance with the above are shown. First in a step 501a
patterns with a period of M subframes, where M is not equal to the number N of subframes of
a frame are generated. In one embodiment M is selected so that m*M = k*N only for
relatively large integers m and k are generated. Next in a step 503a the generated pattern is

assigned to the mobile station of the set of mobile terminals.

According to a second embodiment of the invention, instead of assigning different periodic
DL/UL patterns to different mobile terminals with a period equal to a multiple of the frame
length, e.g. one, two, or four frames, the different mobile terminals are assigned pseudo-
random patterns with no specific period. As the system information is transmitted with
typically a period being a multiple of a frame, with a pseudo-random DL/UL pattern, the
system-information transmissions will not always take place in subframes assigned for uplink
transmission for some mobile terminals. Thus, all mobile terminals can acquire the system
information, although, in some cases, with a certain delay (as the first occurrence of the

system information may be in a subframe assigned for uplink transmission).

In Fig. 5b procedural steps performed in a radio base station NodeB when generating an
DL/UL transmission patterns for a particular mobile terminal of a set of mobile stations also
termed User Equipment (UE) in accordance with the above are shown. First in a step 501b
patterns with different mobile terminals being assigned pseudo-random patterns with no
specific period are generated. Next in a step 503b a generated pattern is assigned to the mobile

station of the set of mobile stations.

The pseudo-random DL/UL pattern can e.g. be generated from a shift register with feed back
or any other of the methods described in literature. The output of such a shift-re gister-based
pseudo-random generation will be a sequence of 1:s and 0:s. An output of 1 at time n could
e.g. mean that subframe n is assigned for downlink transmission while a 0 could mean that the

subframe is assigned for uplink transmission.
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Different mobile terminals should be assigned different DL/UL patterns. This could e.g. be
done by initiating the shift registers with different initial values for the different mobile

terminals.

The pseudo-random generators should be implemented on the network side, in the base
station, as well as in the mobile terminal, in order for both the base station and mobile
terminal to know what subframes are downlink subframes and what subframes are uplink

subframes for the specific mobile terminal.

In one embodiment of the present invention, each mobile terminal is assigned a DL/UL
pattern that is periodic with a period equal to a multiple of a subframe as in the “state-of-the-
art”. However, an additional rule is added stating that all or a subset of subframes where
system information is being transmitted are assigned as downlink subframes. Thus, when a
downlink/uplink pattern is generated the pattern is supplemented by shifting some of the
uplink transmission slots to downlink transmission slots. In particular slots corresponding to
downlink transmission of system information can be changed. In Fig. 5c procedural steps
performed in a radio base station NodeB when generating an DL/UL transmission patterns for
a particular mobile station of a set of mobile stations also termed User Equipment (UE) in
accordance with the above are shown. First in a step 501c periodic patterns supplemented
with a rule in accordance with which all or a subset of subframes where system information is
being transmitted are always downlink subframes are generated. Next in a step 503c a

generated pattern is assigned to the mobile station of the set of mobile stations.

In this way the mobile terminal can receive all or some downlink subframes in which system

information is transmitted.

The solution may thus, according to this embodiment, be generalized so that, in addition to

specifying a periodic DL/UL pattern of a certain period, the UE is also informed about an



10

15

20

WO 2009/088344 PCT/SE2008/051410
11
additional set of subframes that are assigned for DL transmission. This set of subframes could
correspond to the full set of subframes in which system information is transmitted, in which
case the solution is the same as above. However, the set of subframes could also correspond
to a subset of the set of subframes in which system information is transmitted. In this case, the
loss of uplink resource utilization is reduced at the expense of a delay in the reception of

system information.

The embodiments of the present invention allow for full utilization of both the downlink and
uplink radio resources without prohibiting the acquiring of system information for all mobile
terminals. This made possible by in an existing pattern substituting some uplink transmissions
with downlink transmissions thereby ensuring that important downlink information, in

particular system information, can be transmitted to the respective User equipments.

The procedural steps of the invention may be implemented by software executed by a
processor in one or several network nodes, such as a mobile terminal also called UE or mobile

station, and/or a radio base station also called NodeB or eNodeB.

Any examples and terminology relating to 3GPP LTE standard being used herein should not
be seen as limiting the scope of the invention, the methodology of which in principle can be

applied to other systems as well, including e.g. WCDMA.

The described subject matter is of course not limited to the above described embodiments, but

can be modified within the scope of the general concept of the invention.
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CLAIMS

1. A method in a node of a cellular radio system for generating downlink/uplink transmission
patterns used in communication between a mobile terminal and a radio base station, the

method comprising the steps of:

- generating (501)a downlink/uplink pattern for a mobile terminal such that downlink system
information transmissions will partly take place in downlink sub frames of the generated

downlink/uplink pattern.

2. The method according to claim 1, wherein an assigned downlink /uplink pattern is periodic

with a period M which is not a multiple of a frame length N.

3. The method according to claim 1, wherein an assigned downlink /uplink pattern is assigned

pseudo-random.

4. The method according to claim 1, where first a periodic downlink/uplink pattern is
generated, wherein a downlink/uplink pattern is extended with a rule forcing certain
subframes to be used for downlink transmission even if they are uplink subframes according

to the periodic downlink/uplink pattern.

5. The method according to any of claims 1 — 4, wherein the method is performed in a radio

base station.

6. The method according to any of claims 1 — 5, wherein the radio base station and user

equipment communicates using a half-duplex transmission scheme.
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7. A mobile terminal (403) for use in a cellular radio system (400), the mobile terminal being
adapted to communicate with a radio base station (401) using an uplink/downlink
transmission pattern, the mobile terminal being adapted to use an uplink/downlink pattern
wherein downlink system information will partly take place in downlink sub frames of the

downlink/uplink pattern.

8. The mobile terminal according to claim 7, wherein an assigned downlink /uplink pattern is

a periodic pattern with a period M which is not a multiple of the frame length N.

9. The mobile terminal according to claim 7, wherein an assigned downlink /uplink pattern is

a pseudo-random pattern.

10. The mobile terminal according to claim 7, wherein the downlink/uplink pattern is a
periodic downlink/uplink pattern extended with a rule forcing certain subframes to be used for
downlink transmission even if they are uplink subframes according to the periodic

downlink/uplink pattern.

11. The mobile terminal according to any of claims 7 — 10, wherein the user equipment is

adapted to communicate using a half-duplex transmission scheme.

12. A node (401) of a cellular radio system (400) for generating uplink/downlink transmission
patterns used in communication between a mobile terminal and a radio base station, the node
being adapted to generate an uplink/downlink pattern for a mobile terminal such that
downlink system information transmissions will partly take place in downlink sub frames of

the downlink/uplink pattern.
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13. The node according to claim 12, wherein the node is adapted to assign a downlink /uplink

pattern that is periodic with a period M which is not a multiple of a frame length N.

14. The node according to claim 12, wherein the node is adapted to assign a downlink /uplink

pattern that is pseudo-random.

15. The node according to claim 12, wherein the node is adapted to generate a periodic
downlink/uplink pattern and further adapted to extend the periodic downlink/uplink pattern
with a rule forcing certain subframes to be used for downlink transmission even if they are

uplink subframes according to the periodic downlink/uplink pattern.

16. The node according to any of claims 12 — 15, wherein the node is a radio base station.

17. The node according to claim 16, wherein the radio base station is adapted to communicate

with a mobile terminal using a half-duplex transmission scheme.
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