1 TITLE I nproved use of subfranes in a cellular comunications system
TECHNI CAL FI ELD 5The present invention discloses a nethod for use in a

cel lul ar communi cations system in which systemthe traffic in a cell is
sent in frames. Each franme conprises a first nunber of subfranes, and a
second nunber of said subframes is availabhe for at |east either uplink or
downlink traffic, 10 BACKGROUND In cellular wireless systens, both current
systens such as, for exanple, UTRA (UMIS Terrestrial Radi o Access) systens,
and future systens such as the LTE (Long Term Evol ution) systens, a
principle which is used is so called TDD, Tine Division Duplex, i.e. a
princi ple accditibhg to which uplink 15 and downlink traffic occur during

different periods of ti | [ LaABSnichhb i s\3tgn.conprised in a
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the sane carrier frequency, Due to the fact that uplink and downli nk

traffic share t ane 20 frequency in a TDD system interference
probl enms may J%I\ﬂgmghadl fferent cells in the system In particular,
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the transitions between downlink and uplink traffic, i.e. periods during

which no traffic nmay occur. Guard periods may al so be arranged at
transition® f i épr\-ll&l’o downl i nk.

In cellular wireless systems, both current systems such as, for example,
UTRA (UMTS Terrestrial Radio Access) systems, and future systems such
as the LTE (Long Term Evolution) systems, a principle which is used is so
called TDD, Time Division Duplex, i.e. a principle according to which uplink
15 and downlink traffic occur during different periods of time, so called
subframes, which are comprised in a larger frame. Usually, in a TDD system,

the uplink and downlink traffic use the same carrier frequency,

Due to the fact that uplink and downlink traffic share one and the same
20 frequency in a TDD system, interference problems may occur between
different cells in the system. In particular, downlink traffic from one cell may

cause interference in other cells.

In addition to interference between different cells in one and the same TDD
25 system, interference may also occur between different cells in different but
co-located or adjoining systems, for example systems which are run by

different operators.

One way of reducing the problems of inter-cell interference in TOD systems
30 s to arrange so called "guard periods” at the transitions between downlink
and uplink traffic, i.e. periods during which no traffic may occur. Guard

periods may also be arranged at transitions from uplink to downlink.



Co-existence, i.e. the ability to avoid interference between cells in one
and the sane system as well as between cells of adjoining or co-I|ocated
cells of different systens, is an inportant factor. 5 However, the frane
structures in some current UTRA and LTE TDD standards offer limted

co-exi stence opportunities. To make efficient coexistence possible, the
frame structure should preferably nmake it possible to have a |l arge
flexibility when it conmes to configuring it to overconme 10i nterference
probl enms, both interference fromcells in the "own" systemas well as from
cells in co-located or adjoining cells of other systenms. SUVWARY As has
energed fromthe description above, there is thus a need for a 15 sol ution
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10 interference problems, both interference from cells in the “own’ system as

well as from cells in co-located or adjoining cells of other systems.

SUMMARY

As has emerged from the description above. there is thus a need for a
15  solution by means of which increased coexistence in the form of reduced risk

of interference between cells of one and the same or different wireless

cellular systems can be increased, in particular in systems which use the

TDD principle.

20 Such a solution is offered by the present invention in that it discloses a
method for use in a cellular communications system, in which system the
traffic is sent in frames, with each frame comprising a first number of
subframes and with a second number of subframes being available for at
least either uplink or downlink traffic.

25
According to the method of the invention, at least one of the second number
of subframes is made to comprise at least three parts, as follows:

» One part which is utilized for uplink traffic,
e« One part which is utilized for downlink traffic,

30 » One part which is utilized as a guard period.



The guard period part is placed between the uplink and the downlink parts,
and according to the invention, the duration of at |least two of said three
parts may be varied to fit the current systemneed. 5 Thus, the present
invention offers a solution by neans of which a subframe may be nade to
conprise a guard period of varying length, o that it can be suited to
overcone the interference problens of a specific system and so that the
remai ning part of the subframe can be nade to conprise uplink and downlink
traffic in varying proportions, since, according to the invention, the 10
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of the invention,
15 uses so called TDD, Time Division Duplex, i.e. a system with a so called

unpaired spectrum, in which uplink and down link traffic in at least a first
plurality of cells in the system occur during different subframes, but on the
same frequency. In another embodiment, the inventive method may also be
applied to a system which uses so called half duplex FDD, Frequency
20 Division Duplex, so that uplink and down link traffic for one and the same
user in at least a first number of cells in the system occur during different

subframes, and on different frequencies.

Suitably, a subframe of the invention is placed at a transition between uplink
25 and downlink, either at a transition from downlink to uplink, or at a transition

from uplink to downlink.
The invention also discloses a transceiver for use as a controlling node in a
cell of a system of the invention, and a transceiver for use as a user terminal

30 in a system of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS



Fig 6 shows a bl ock schene of a first transceiver of the invention, and Fig
7 shows a bl ock schene of a second transceiver of the invention. 10

DETAI LED DESCRI PTION Fig 1 shows a schematic view of a wirel ess cellular
system 100 in which the present invention nmay be applied. The invention
will in the followi ng be described with tefns fromso called LTE systens
(Long Term Evolution), but 15 it should be pointed out that this should not
be construed as limting the scope of protection sought for the present
invention, the LTE termnology is nerely used in order to facilitate the

reader's understandi ng of th resent invent.i L aventi be used
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signals, etc. Zplidetantini ng now to the system 100 shown in fig 1, the system
conprises a nunber of cells one of which is shown as 130 in fig 1. A cell

in the sysPemf@r ARESMMWRAY &t FRIABRAGF users, one of which is shown as

120 in fig 1, d,shb®k RGUbTEeasfihdPhesion, khe user is shown as a "UE", User
Equi prent. 30 20 in the cell 130. The controlljng node is in LTE known as

"eNodeB", evolfied skewep.flow chartrefg method ol the RKENYLD. 3% to the eNodeB 110 is

known as upl i kg rskbivs G biddk sPRRf dfrAfirki farfsconet sfaheMadefbrl, antithe UEs is
known as downlink traffic, ) . . .
Fig 7 shows a block scheme of a second transceiver of the invention.

10
DETAILED DESCRIPTION
Fig 1 shows a schematic view of a wireless cellular system 100 in which the
present invention may be applied. The invention will in the following be
described with terms from so called LTE systems (Long Term Evolution), but

15 it should be pointed out that this should not be construed as limiting the
scope of protection sought for the present invention, the LTE terminology is
merely used in order to facilitate the reader's understanding of the present
invention, the invention can be used in other types of wireless cellular
systems as well.

20
In addition, the word “traffic” is used in this text. It should be pointed out that
the word “traffic” in this text is taken to mean all communication that is sent in
downlink and uplink, e.g. both so called “payload data™ and control signals,
etc.

25
Returning now to the system 100 shown in fig 1, the system comprises a
number of cells one of which is shown as 130 in fig 1. A cell in the system
can accommodate a number of users, one of which is shown as 120 in fig 1,
and, using LTE terminology, the user is shown as a "UE”, User Equipment.

30
In the system 100, there is also a controlling node, shown as 110 in fig. 1,

which has as one of its functions to control the traffic to and from the UEs



Both UL and DL traffic is sent in so called franes, and an LIE TDD system
at present has two different frane structures, known as type 1 and type 2.
Type 1 will be described with reference to figs 2 and 3: as shown in fig 2,
one 10 frane of Type 1 conprises 10 so called subfranmes, SF, shown as
201-210. As indicated with arrows in the subfranes 201- 210 a subfrane can
be used either for DL or UL traffic. However, as has al so been indicated
previously, in systens in which a nultitude of cells are synchroni zed with
respect to which 15 subfranes that are used for UL or DL, at, for exanple,
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reduced, if nodvelddmigwrined, by neans of so called 20 guard periods, which
are periods during which no transm ssions nmay be made, and which are
created by "silencing" the last part of a DL subframe, as shown in fig 3.

I n addi tion, itrafnfréthgee lomsrrem tdmedemcbtaae TODis ysdveimas calinuseffia, Otame of a
25 type known as t
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interference problens. It is a purpose of the present invention to offer a
new frame structure which 30 may be use | ace t Sti ames of
type 1 and typ8oW. Ulspmthqaﬁicgs§pgtdn§8§pﬁ%fL€@ me ar'@cﬁjblg% ﬁé Eﬁ? E
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1 will be described with reference to figs 2 and 3: as shown in fig 2, one

10  frame of Type 1 comprises 10 so called subframes, SF, shown as 201-210.

As indicated with arrows in the subframes 201-210, a subframe can be used
either for DL or UL traffic. However, as has also been indicated previously, in
systems in which a multitude of cells are synchronized with respect to which

15  subframes that are used for UL or DL, at, for example, a transition from DL to
UL, inter-cell interference can be caused in neighboring cells by “lingering”
DL traffic.

Such interference can be reduced, if not eliminated, by means of so called

20 guard periods, which are periods during which no transmissions may be
made, and which are created by “silencing” the last part of a DL subframe, as
shown in fig 3.

In addition, it can also be mentioned that TDD systems can use a frame of a
25 type known as type 2, which differs slightly from type 1, but which basically
also uses the principle of guard periods in order to overcome interference

problems.

It is a purpose of the present invention to offer a new frame structure which
30 may be used to replace the existing frames of type 1 and type 2. since it is
also desirable to reduce the amount of options, and to have only one type of

frame.



parts, one of which is used for uplink traffic, one of which is used for
downlink traffic, and one of which is used as a guard period. Suitably, the
"guard 5period part” is placed between the "uplink part"” and the "down |ink
part”. By nmeans of the invention, as will enmerge fromthe nore detail ed
description below, it wll be possible for g&an LTE system whi ch uses TDD or
hal f duplex FDD to coexist in a better way than hitherto with other LTE TDD
systens as 10 well as with 3G TDD systens such as TD- SCDMA, or with W Max
systens. As opposed to UTRA TDD and LTE TDD systens, in which subframes can
be all ocated to uplink or to downlink, the present invention nmakes it
possible to allocate, for exanple, the first part of a subframe to downlink

transmi ssion Alﬁaése%éa@eﬂu%ﬁﬂ«e%gééemmé ﬁ&bfsrfér@ 4 QuitphieorigiRBIAesS ON.

The DL part of an i1nventive subfrane WI be referred to as DwWPTS, and the
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two UL/ DL feriatiod partdis mmawdemmergpw rastieddpleg i deavn gk, pagt. varyi ng

| ength may thus be configured. The duration of the GP of the inventive
subfranme will be based on a nunber of paraneters, one of which may be the
maxi mum r oundt By mepnsp&gmtihmntibhnes will emergklfron e morecagdtaitad qRYCHPB®O t hat
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10  well as with 3G TDD systems such as TD-SCDMA, or with WiMax systems.

As opposed to UTRA TDD and LTE TDD systems, in which subframes can
be allocated to uplink or to downlink, the present invention makes it possible
to allocate, for example, the first part of a subframe to downlink transmission
15 and the last part of a subframe to uplink transmission. The DL part of an
inventive subframe will be referred to as DwPTS, and the UL part of the

inventive subframe will be referred to as UpPTS.

Fig 4 shows a subframe 420 of the invention, flanked by a DL subframe 410
20 and an UL subframe 420. As shown in fig 4, in the inventive subframe 420,
between the two UL/DL periods, i.e. DWPTS and UpPTS, a guard period, GP,
of varying length may thus be configured. The duration of the GP of the
inventive subframe will be based on a number of parameters, one of which
may be the maximum roundtrip propagation time in a cell, the so called RTT,

25 so that the GP in such a case will be based on the size of the cell.

As compared to the current situation, a prior art subframe (LTE TDD Type 2)
may only contain DwWPTS and GP. This may lead to significant efficiency
losses, which can be avoided by the subframe of the invention, since the

30 invention allows for the use of part of the subframe for uplink transmissions
as well, i.e. the UpPTS part.



| osses, which can be avoided by the subfrane of the invention, since the
30i nvention allows for the use of part of the subframe for uplink

transm ssions as well, i.e. the UpPTS part. The total sum of the durations
of the DwWPTS, UpPTS and the GP constitute the total subframe |ength, which
is a difference as conpared to the LTE TDD #ranme structure type 2, and al so
as conpared to the franme structure used in systens which use TD- SCDMA, Ti ne
Di vi sion Synchronous Code Multiple 5 Access. Another inprovenent of the
invention over the LTE TDD franme structure type 2 is that the length of the
different parts can be varied, for exanple according to th&Fneed‘for a

d
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subframe is th part o rane o e I nvention nay be used for
uplink trarfsni Asiesa. Currently, in the LTE TDD frane Type 1, a subfrane

all ocated to DL may only be used for DL transm ssion, and may possibly also
contain an "idle" guard part, i.e. a part that is not used for

transmi ssi ons. Afottief ingrevereerief theeinvenionswbf therkel T DPHenesleyaturedyrind t he
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cells of other systems, as well as a need to adapt the capacity need between

UL and DL on a finer scale than previously possible.

Turning now to the LTE TDD frame structure type 1, a difference with regard
15  to the inventive subframe is that part of the subframe of the invention may be
used for uplink transmission. Currently, in the LTE TDD frame Type 1, a
subframe allocated to DL may only be used for DL transmission, and may
possibly also contain an “idle” guard part, i.e. a part that is not used for
transmissions. A difference between the subframe of the invention and the
20 LTE TDD Type 1 frame is thus that in the subframe of the invention, UL data

can be transmitted as well.

The subframe of the invention is suitably placed following a period of DL
subframes and before a period of UL subframes, i.e. at a transition from DL

25 to UL. The DL part of the inventive subframe is in such an application placed
first in the subframe.

In another embodiment, the subframe of the invention can be placed
following a period of UL subframes and before a period of DL subframes, i.e.

30 ata transition from UL to DL. The UL part of the inventive subframe is in such
an application placed first in the subframe.



first in the subfranme. In another enbodi nent, the subframe of the invention
can be placed following a period of UL subfranmes and before a period of DL
subfranmes, i.e. 30at a transition fromUL to DL. The UL part of the
inventive subfrane is in such an application placed first in the subfrane.
8 Hence, at least two of the three parts of8the inventive subfrane can be
varied to fit the systemneeds, since, if two parts are varied, the third
part will naturally be determ ned by what is |left over of the sub frane.

5If the guard period, the GP, is one of the parts which is varied, it may

be varied with respect to at | east one of the follow ar aneters
Interference fhenpeont inpstiwgiahdie bEze @ar;srpftth%uygﬁgvesygb?%ﬁf r%’tﬁ%fpdcel s in
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det erm nes the maxi mum propagation round tr time, RIT, in the cell, 3.

The nodul at i onnaleiadyrbe dsteamined ttYrV&‘?éFtl'%‘eﬁrﬁ’V?h‘éf thelsHb BMecase 1 above, . e.
when the guard period is varied with respect to the 15 interference fromor
with other cells in the system the duration of the GP may sujtably be
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1. Interference from or with other cells in the same system, or other cells
in other adjoining or co-located systems,
10 2. The size of the cell, which determines the maximum propagation
round trip time, RTT, in the cell,
3. The modulation scheme used for traffic in the cell.

In case 1 above, i.e. when the guard period is varied with respect to the
15 interference from or with other cells in the system, the duration of the GP
may suitably be determined so that it is adapted to be at least equal to the
propagation time of signals from or to at least one controlling node in another

cell in the system.

20  Suitably, at least one of the parts for uplink traffic, downlink traffic, and guard
period is varied freely, i.e. without discrete steps, according to the needs of
the system. However, in case 3 above, i.e. when the duration of the guard
period is varied according to the modulation scheme used for traffic in the
cell, if the system is one which uses an OFDM modulation method,

25 Orthogonal Frequency Division Modulation, then at least one of the uplink
traffic, UpPTS, and downlink parts, DWPTS, may be given a duration which
corresponds to an integer amount of OFDM symbols in the modulation
method. Suitably, the UpPTS and DwPTS are given a length of 1 or 2 OFDM
symbols, although other OFDM symbol lengths can also be envisioned within

30 the scope of the present invention.



20Sui tably, at |east one of the parts for uplink traffic, downlink traffic,

and guard period is varied freely, i.e. without discrete steps, according
to the needs of the system However, in case 3 above, i.e. when the
duration of the guard period is varied according to the nodul ati on schene
used for traffic in the cell, if the systemdis one which uses an OFDM

nodul ati on nmet hod, 25 Othogonal Frequency Division Mdulation, then at
| east one of the uplink traffic, UpPTS, and downlink parts, DWPTS, may be
given a duration which corresponds to an int eger anount of O:DM syrrbol s in
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flexibility whﬁg bb”qm% to creating guard periods. Allows for increased
flexibility when creating UL and DL period 15| engths, which is beneficial
froma perspective of co-existence with TD-CDVA systens, as well as with
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of the inv ns or &t nat|ves are shown with
dashed lines. 20 UL and DL, as well as allowmg for increased flexibility when it comes

to creating guard periods.

« Allows for increased flexibility when creating UL and DL period
15 lengths, which is beneficial from a perspective of co-existence with
TD-CDMA systems, as well as with TD-SCDMA and WiMAX systems.

Fig 5 shows a rough flow chart of a method 500 of the invention. Steps which

are options or alternatives are shown with dashed lines.

20
As has emerged from the description above, the method of the invention is
intended for use in a cellular communications system. in which traffic in a cell
is sent in frames, and where each frame comprises a first number of
subframes.

25
A second number of the subframes are available for at least either uplink or
downlink traffic. and as shown in step 510, at least one of said second
number of subframes is made to comprise at least three parts, as shown in
step 515, as follows:

30 « One part which is utilized for uplink traffic, step 520.

e One part which is utilized for downlink traffic, step 525,
e One part which is utilized as a guard period, step 530.



As has energed fromthe description above, the nethod of the invention is
intended for use in a cellular comunications system in which traffic in a
cell is sent in frames, and where each frame conprises a first nunber of
subframes. 25 A second nunber of the subframes are available for at |east
ei ther uplink or downlink traffic, and as dAown in step 510, at |east one
of said second nunber of subfranmes is nmade to conprise at |east three
parts, as shown in step 515, as follows: 30 One part which is utilized for
uplink traffic, step 520. One part which is utilized for downlink traffic,
step 525, One part which is utilized as a guard period, step 530. 10 The
guard period part of step 525 is schedul ed between the uplink and the

downl i nk par t sTheagda@spefoavpari of stbp52532 schéulatubetivieen tbé uatink eagthe wo of

the three parts of steps 520, 525 and 53 b ried to fit t urren
system 5 need.d%”'i”hdﬁagét%'ﬂ??ﬁsé?‘% '%ﬁﬁ?quﬁgx‘ﬁe‘?%%@”{o T?tﬁgagltﬁ%/'gr??meﬁ ma§ t
suitably be appréegadomstdpd 3y SLemndBICeMEY bé saded fufiltex cuirend.syatesyst em
with an unpaired spectrum so that uplink and down link traffic in at |east
a first plutalPe8d-of cells 10in the system occur during different
subfranmes, but on the sane frequency. However, as indicated in step 535,

t he met hod of the invention may al so be applied to a half duplex ..
FDD- Syst em _Fr 88 uietinatgh SRS cprestiosl Padavention fay Sutably BeZppiied
to a TDD-system, Time Division Duplex, i.e. a system with an unpaired

spectrum, so that uplink and down link traffic in at least a first plurality of cells
10  in the system occur during different subframes, but on the same frequency.

However, as indicated in step 535, the method of the invention may also be
applied to a half duplex FDD-system, Frequency Division Duplex, so that
uplink and down link traffic in at least a first plurality of cells in the system

15 occur during different subframes, and on different frequencies.

As shown in step 550, in one embodiment of inventive method, the guard
period is one of said at least two of three parts, and the guard period is varied
in duration with respect to at least one of the following parameters:
20 o Interference from or with other cells in the same system, or other cells
in other adjoining or co-located systems,
e The size of the cell, which determines the maximum propagation
round trip time, RTT, in the cell,
e The modulation scheme used for traffic in the cell.
25
As shown in step 545, the guard period may also be varied with respect to
the interference from or with other cells in the system, so that the duration of
the guard period is adapted to be at least equal to the propagation time of
signals from at least one controlling node in another cell in the system.
30



uplink and down link traffic in at least a first plurality of cells in the
system 15occur during different subfranes, and on different frequencies. As
shown in step 550, in one enbodinent of inventive nmethod, the guard period
is one of said at least two of three parts, and the guard period is varied
in duration with respect to at |east one of'lthe foll owi ng parameters: 20
Interference fromor with other cells in the same system or other cells in
ot her adjoining or co-located systems, The size of the cell, which
determ nes the maxi mum propagation round trip tinme, RU, in the cell, The
nmodul ati on schene us%§1for traffic in.t%g %%U

thR

_ . 4N 545,
the guard peri 8H°Hay odiment: %Sy Wi espeéqgﬁé/éﬁ “éehﬁj\r%!p‘edrdf g%&ﬂ%e from
or Wldt ht o'élhter g_@ﬂ;lleﬁ llnnatéy%t@ys'f\anmmsoan IQRDM heodulatir oretiodd, t Geheganed peri od
i s adapte o be at |east .eq to.the propagation.ti Of. S| I rom at
| east one cont FBIAUPRY ﬁé‘ﬂ%o'i‘ W%%?twé‘r 'SCB?ETdof'ﬁ ai rlleea%%yosq efh {heﬂ&[ﬁ% %‘P\ée

embodi nent, asJshAMK dilkcBErRp a8 @t Icbbeorianfand uptkietffiodndegwinmkappsied in a
systemin which an OFDM nodul ati o t

_ nmet hod,, Ot hogqonal FEr L Vi Si
Vbdul ati on Bs. BIEEEATEPUTERS of SURTACS RGN 7 0SNG WA} IERTPEEt | ons.
and at |east ogg igtgdhrimberibnoFoMEfhBolantthdawsddiationpasthedi n 5 said second
nunber of subfranmes is given a duration which corresponds to an integer

nunber of OFDM synbols in the nodul ati on method. Also, in a further

embodi ment of e, MeLheANE erhb&dineUEBt henmethbe ¢ uhé Immatiomitad subfrarde t o
conprise at least three parts is int ergosed after.a subfrane logﬁed for

downl i nk t r af f whicinig maserte|qosrsige ) lopsk i BALS RHMEFPQsed pligha pypirame

10 used for downlink traffic and is followed by a subframe which is used for

uplink traffic, with the downlink part being first in said subframe.

However, in an alternative embodiment, the inventive subframe which is
made to comprise at least three parts is interposed after a subframe used for
15  uplink traffic and is followed by a subframe which is used for downlink traffic,

with the uplink part being first in said subframe.

As shown in step 570, the method of the invention can be applied to an LTE
system, Long Term Evolution.
20
Fig 6 shows a block diagram of some parts of a first transceiver 600 which is
intended for use as a controlling node in a system of the invention. With
retained use of the exemplary LTE terminology, the transceiver 600 will be
referred to as an eNodeB. Since the eNodeB of the invention works basically
25  according to the method which has been described above, all of the details of

the operation of the eNodeB will not be repeated again here.

The decision or decisions regarding the details of the inventive subframe
420, such as, for example, the duration of the three parts, the DWPTS, the
30 GP and the UpPTS, can be decided in a number of different ways in a
system of the invention. For example, the decision can be taken by the

operator of the system, and simply forwarded to the eNodeB 600. In order to



uplink traffic, with the downlink part being first in said subfrane.
However, in an alternative enbodi nent, the inventive subframe which is nmade
to conprise at least three parts is interposed after a subfrane used for
15uplink traffic and is followed by a subfranme which is used for downlink
traffic, with the uplink part being first i12 said subfrane. As shown in
step 570, the nethod of the invention can be applied to an LTE system Long
Term Evol ution. 20 Fig 6 shows a bl ock di agram of sone parts of a first
transcei ver 600 which is intended for use as a controlling node in a system
of the invention. Wth retained use of the exenplary LTE termn éog , the
transcei ver 6008P%R Ifor His pepeibiiyd the elodgh é’ﬂbﬂg%.p” r‘f?fé‘tt'ﬂ%a'?l\lég g \E;f t he

i nvention wor K RAFIC aldr 086i8R8! #hadnp@ hbsndretbostevliibiyhas iMedace |
descri bed above, all” of the details of the operation of the eNodeB will not

be repeated agiiwprgeranotheie "Aighesi Berein dbei sYSRE. réyariichdhe neNedaRi | s of

the inventive é&hfw{uﬂ%té&%th t?x@%@st@ﬁm for exanple, the duration of the three
parts, the DWPTS, the 30 GP and'the UpPTS, can be decided in a nunber of

different ways in a systemof the invention. For exanple, the decision can

ggot arﬁnoféeﬁ hgge%%a@foﬂffm% theEpSriir Mt 2Bt ShRhYaid Pb¥eY e thd enblhiss eNodeB

decide the particulars of the inventive subframe in a more or less
autonomous manner. For example, the eNodeB can be instructed to decide
the particulars of the inventive subframe in a completely autonomous
10 manner, based on, for example, interference measurements which the
eNodeB carries out. To open up for such a possibility, the eNodeB comprises

measurement means 620, which can measure the interference in the cell.

A third possibility is that the operator instructs the eNodeB to decide the

15  particulars of the inventive subframe in a semi-autonomous manner, e.g.
based on interference measurements, but with certain conditions which are
laid down by the operator, such as, for example, that the duration of one of
the three parts, the DWPTS, the GP and the UpPTS, may not exceed or be
shorter than a certain specified period of time.

20
Regardless of how the particulars of the inventive subframe are arrived at by
the eNodeB 600, the eNodeB 600 will comprise means 630 for taking a
decision to arrive at these particulars. As shown in fig 6, this decision making
means 630 can receive information both from the input means 610 and the

25 measurement means 620. The decision means 630 will also suitably carry
out the actual setting of the particulars of the inventive subframe in the
eNodeB 600. Suitably, the decision and setting means will comprise a

microcomputer or some similar computing component.

30 In addition, the eNodeB 600 will also need to communicate the details of the
inventive subframe to the UEs in the cell, as well as to UEs which are on their

way in to the cell, i.e. UEs in a so called "hand over procedure”, and also to



12 open for this possibility, the eNodeB wll| conprise input neans 610 for
recei ving such decisions. The input nmeans 610 are suitably an interface

t owards another, "higher" node in the system via which the eNodeB

conmuni cates with the system 5 The decision fromthe operator of the
system can also be to |l et the eNodeB deci de'% he particul ars of the

i nventive subfrane in a nore or |ess autononobus manner. For exanple, the
eNodeB can be instructed to decide the particulars of the inventive
subframe in a conpletely autononmous 10 manner, based on, for exanple,
interference r ,ch - k t or such
a possibili ty%?%el‘l'v “3{%%3“%%% légﬁe rgréygggﬁégrrg%{mcﬁ;haaﬁ}sé e&é%?d \ﬂﬁ%ﬁ %P%H@g‘;]
measur e the i ntreirfpementened offhendwhich afe stitchbdoars &i tbe lcet,yFdr $his neaisonhe

operat or instrycts,,t deB to cide .the 1 T1l.cul 0, he..l,nventi ve
subframe in a g‘«?ﬁ‘?s@%{}t%oﬁmshgn%%%grc?mg.”é‘.ng§§%e'§%#®ﬁt@% qasrée"hc%téﬁh &
measur enments, it sutdblly cembpéise = dradsitensandhiac hardaernd, avicldawe roymalhe
operator, such _as, for. exanpl t hat the duratio f-one of the three
parts, the "T’%’f‘b?%’é{‘@g“aqq:go‘ﬁﬁem{)ﬁ%‘f@,‘m'ﬁﬁ?/orh‘&th g%%%l'no?c‘%”e shorter than a
certain specified period of tine. 20 Regardl ess of how the particul ars of
the inventive bfrﬁma fare arrived at Db

thg 3p'o

. .the _eNodeB 600, .t he eNqd 600
will conprise nB4%hs freRtian, [§975 189 &‘é%i"yleBqu SUBIraMe vhigh el\lgoge%
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i nformation bot rom-t i nput ans 610 angd t he asur ans :
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the particypar predérréd thetiveest &i?@almbtfwrsaﬁ@rmgt_iém&: giodeB i®atel RItd abéy, the
deci sion and setting neans will conprise a_m croconputer
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as well as to UEs which are on their way in to the cell, i.e. UEs in a so
cal l ed "hand o¢BansivEdBRE¥steMand al so to 13 UEs which are turned on in
the cell, i.e. UEs which have entered the cell with their power turned off,
and which are switched on in the cell, For this reason, the eNodeB 600 is

shown as cdfpr Fig AghewmmuRicekdiagfmed romsapartsAf arpeapnd trapsaeivsr YO8 dipri se a
transmtter anghanRRhesHA whiBhChs arigteR@dBlbY use as a user terminal

(telephone/portable computer etc) in a system of the invention. With retained
use of the exemplary LTE terminology, the transceiver 700 will be referred to
as a UE, “User Equipment”. Since the UE of the invention works basically
20 according to the method which has been described above, all of the details of

the operation of the UE will not be repeated again here.

The UE 700 of the invention is, as is indicated in fig 7. equipped with means
for receiving instructions from the eNodeB of the cell regarding the duration

25  of the three parts of the inventive subframe, i.e. the DWPTS, the GP and the
UpPTS. Suitably, these instructions are received via the same means as
other communication from the eNodeB, i.e. via a receiver and an antenna of
the UE.

30 The instructions which are received from the eNodeB are then processed by
the UE, i.e. the UE is set to those values of the DWPTS, GP and UpPTS. This
is done by means 720 for setting or reconfiguring the DwPTS, GP and



5 conprised in an eNodeB for communication with the UEs in a cell. Thus,
the information regarding the inventive subfranme which the eNodeB

comuni cates to the UEs in the cell will conprise the duration of the
different parts of the subfranme of the invention, i.e. the DWwPTS, GP and
UpPTS. One 10 preferred nethod of signaliﬁﬁ‘this information to the UEs in
a cell is to use the channel known as BCH, the Broadcast Channel", although
the information may in principle be communicated to the UEsS via other
control channels in the system 15 Fig 7 shows a bl ock diagram of sone

arts of a se transc [ IS 1 ed for
5se as a user ifgﬂr% p" ?"15 e‘fﬂ? %%?'Ré a[nlagq eﬁgg%?%}onwegn? r\{ﬁlcli sgt}?{'gm of the
i nvention. Wtcbmpﬁtam“t&dcmsmterf ortdmeammﬂpdmpm"ﬁﬁ aocemenaot ogy, the
transceiver 700 will be referred to as a UE, "User Equipnment”. Since the UE
of the invention works basically 20according to the nethod which has been

descri bed above, ccﬁllclus@ﬁ tthe deéntidns fadiitdtbe lmepemtziaﬁqn off thee tWE firhé not be

repeated again here, U nventi i s indi. dinfig
7, equi pped WStTHCHEESHE Lfergr']‘E’F ég& \?Fon@ Sf”ﬁkt ﬁf/%m?.sg‘H% Y S'm'cphc neb%&ﬂg% %f t he
cel | regardi ngubigmeWurdtiodnf 2N fin bheitismrire ip@ntisn afsotdobres rvemberef
subfrane, i.e. the DWPTS, the GP and t he ﬁPTS Suitably, these

instructions ArawbackaiolREsersAHionsIRESYRMRIE as ot her conmuni cation from
the eNodeB, i.e. via a receiver and an antenna of the UE. 30 The

instructions which are received from.the eNodeB are t%@E rocessed by the
UE, i.e. the UE tsAdews fqs ingiaazed iaxipidy gy crepiingpiptisan la‘?ﬁi S‘?’@' SThis is

done by mggns 720 mfchslgtﬂén@gclgrfrérﬁ%fgﬂléiéﬂde@%érﬁ%mmh TERcamh as4 UpPTS
in the UE. The setting and/or I‘eCOI’lfIﬁUI‘atIOH means will suitably conprise

m croconput er or s asiTA-P&PMAAPUVYI onponent. | n conclusion, the
invention facilifahg§,bahEohapahlif whbn itherhd® 1d Ld&ting resources to UL

and DL, as well as increased flexibility when creating guard periods,

16  Another principle which may be used is so called half duplex FDD,
Frequency Division Duplex, in which uplink and downlink transmissions from
one and the same terminal in the system occur on different frequencies and
during different intervals in time, such as the previously mentioned
subframes. The invention can also be applied in such a system, i.e. a half

20  duplex FDD 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.



5 structures in LIE for TDD into a single frame structure which can be
given a subfrane duration of 1nms. In addition, the invention also solves a
nunber of drawbacks of present solutions, for exanple; Al'l ows for
increased flexibility in creating of UL and DL period | engths, 10which is
beneficial from co-existences perspective with TD-CDVA as wel|l as TD- SCDVA
and WMAX. Allows fine granularity when it cones to allocating resources
to UL and DL, as well as increased flexibility when creating guard peri ods,
15Anot her principle which may be used is g0 called half duplex FDD,
Frequency Division Duplex, in which uplink and downlink transm ssions from
one and the sane termnal in the systemoccur on different frequencies and
during different intervals in tine, such as the previously nentioned
subframes. The invention can also be applied in such a system i.e. a half
20 dupl ex FDD GiydM8m The invention is not limted to the exanples of
enbodi nents descri bed above and shown in the draw ngs, but may be freely
varied within the scope of the appended clainms. 15 CLAIMS 1. A nethod
(500) for use 1.rA metidd (B0S) ferouseuini & seliulasscompaynigationsosyste {100% Bh sy st em

the traffic | - i ) \BBCHPATRS cohpi@ing d firstst 5 nurber
of SUbf I anes Mﬁ"i‘r{‘%@w&{at i 0in ¢ 2hOR BB BYing

a second nunber of said suhfr s bei ng
avai | abl e for numbes 9§ sukfrarpes 201218k Witk aesrGend W“@F&PFF@‘? Sfa"ﬁga"ﬁét hod (500)
Subi Tamos. |5 T e S O 2o ol | ove OB PAT L
(520) whi ch | sbaing PharacieRzsd ot (&R 3t leert gne’of sdid $&%oh8 WimberBE P
subframes is made to comprise three parts (515), as follows:
e One part (520) which is utilized for downlink traffic,
10 e One part, (525) which is utilized as a guard period,
e One part (530) which is utilized for uplink traffic,
with said guard period part (525) being scheduled between the downlink and
the uplink parts, such that the total sum of the duration of the downlink part,
the guard period and the uplink part constitute the total subframe length, and
15 according to which method (532) the duration of at least two of said three
parts (520, 525, 530) may be varied to fit the current system need.

2. The method (500, 540) of claim 1, applied to a TDD-system, Time Division
Duplex, i.e. a system which uses an unpaired frequency spectrum, so that

20 uplink and downlink traffic in at least a first plurality of cells in the system
occur during different subframes,

3.The method (500, 540) of claim 2, in which the uplink and the downlink
traffic occur on the same frequency.

25
4. The method (500, 535) of claim 1, applied to a half duplex FDD-system,
Frequency Division Duplex, so that uplink and downlink traffic for one and the
same user in at least a first number of cells in the system occur during
different subframes, and on different frequencies.

30



10 One part, (525) which is utilized as a guard period, One part (530)
which is utilized for uplink traffic, with said guard period part (525)
bei ng schedul ed between the downlink and the uplink parts, such that the
total sumof the duration of the downlink part, the guard period and the
uplink part constitute the total subfranme | ength, and 15 according to which
met hod (532) the duration of at |l east two of said three parts (520, 525,
530) may be varied to fit the current systemneed. 2. The nethod (500, 540)
of claiml1, applied to a TDD-system Tineq4pivision Duplex, i.e. a system
whi ch uses an unpaired frequency spectrum so that 20 uplink and downlink
traffic in at least a first plurality of cells in the system occur during
di fferent subfranes, 3. The nethod (500, 540) of claim2, in which the
uplink and the downlink traffic occur on the same fre quency. 25 4. The

met hod (500, 536Themedfiodi(BA), of Anyldl dap PTGV'QUShalF‘!“Sd@B‘%‘%"EIFI!‘)’[}"VEVEt“é‘?n

Frequency D vi giigg Bl @bne BPsdif at ieaiviil thred pQRWnU%chrﬂlﬂé fgniéior one and
the sane user in at |east a first nunbe m ccur

during diff er eethodghe grrd pesind ‘%YPQﬂdf(P@q)é’ﬂ\f’“ﬁ“%M’gﬁdﬁ??d ' The net hod

(500) of any OBnéﬁﬂh@fdﬂyMﬁ?§,a{:§nﬁt&§ according to which the guard period is
one of said at |east two of three garts and accordl ich,met hod the

guard periofl is varitetereasiiomor with sthepeellsin Werségﬁeséf’gfno‘)%‘\flm?recgg? one of
the fol l owi ng par angb@esadiGining loftd-REated eysteasn or with other cells in the

same system or Ot hﬁ'nre gtgtle lo? the cell, which determines the maximum propagation
round trip time, RTT, in the cell,
» The modulation scheme used for traffic in the cell.
10 |
6. The method (500, 545) of claim 5, according to which the guard period
(525) is varied with respect to the interference from or with other cells in the
system so that the duration of the guard period is made at least equal to the
propagation time of signals from at least one controlling node in another celi

15  inthe system.

7. The method (500) of any of claims 1-6, according to which the system is
one in which an OFDM modulation method, Orthogonal Frequency Division
Modulation is used in at least one of the uplink and downlink directions, and

20 in which at least one of the uplink traffic and downlink parts in said second
number of subframes is given a duration which corfesponds to an integer
number of OFDM symbols in the modulation method.

8. The method (500) of any of the previous claims, according to which said
25 subframe (420) which is made to comprise at least three parts is interposed
after a subframe (410) used for downlink traffic and is followed by a subframe
(430) which is used for uplink traffic, with the downlink part being first in said

subframe.

30 9. The methad (500) of any of claims 1-8, according to which said subframe
(410) which is made to comprise at least three parts is interposed after a



in other adjoining or co-located systens, The size of the cell, which
determ nes the maxi num propagation round trip tinme, RU, in the cell, The
nodul ati on schene used for traffic in the cell. 10 6. The method (500,
545) of claim5, according to which the guard period (525) is varied with
respect to the interference fromor wth other cells in the systemso that
the duration of the guard period is made at | east equal to the propagation
time of signals fromat |east one controlling node in another cell 15 in
the system 7. The method (500) of any of;clains 1-6, according to which
the systemis one in which an OFDM nodul ati on net hod, Orthogonal Frequency
Division Mddulation is used in at |east one of the uplink and downlink
directions, and 20 in which at | east one of the uplink traffic and downlink
parts in said second nunber of subframes is given a _duration which

corresponds t oSHirametusge forruplipieiralie ang-isne divs2 sybframe F&F%Sn net hod.

8. The nethod (R@8WniRk trafik, With B @pRIENYemgTrainBaid S@Ham@l ng to which said
25 subfrane (420) which is nade to conprise at |least three parts is

i nterposed after a subfrane (410) used for downlink traffic and is foll owed

by a subframe G43fhe mbthed (309, 530)bffaAy of el prdvidusadidims, apMidchtot drelL TOWNI i nk
part being first in sai &E'Sr(liﬁ rage. 17 subfrane used for uplink traffic and
i s fol | owed?by S¥RTHLEPG VU ysed for downlink traffic, with the

uplink part being first in said subframe. 10. The nmet hod (500, 570) of

f th i | ai ied t
Bt ot on. " 1111 FpteBaroafBhi = SedtitohiCosus AR il BT o)
a cel | (130) otellar ebihmunicatiomesysterdd 0@ nte dppsasivel heag ?dqmﬁé‘gtf)rs&ﬁ%cei ver

corpri o ng. a f S ehle fafle YERERYE DT Wih califipyhd okl frsthuibef B0 Trame

conprising a firs ) é)ZOl ) and with a second
nunber of 48 dotsubfiames 202 10) aad avithhsacond pugben of $3id ubiR@es BYINY nk or

downl i nk traf f pGajlablBGot AAIBSRIHHEF uPRkNS deRARCE&Ti¢, 2RE trafisdelvat beihg i
equi pped Wi th neans (640) for sendi ng and.receivin t | eas‘}' one (420) of
sai d second nufiBRifctefzed Bf thahdls 1§ ﬁq'a'fgp‘?‘{;%{‘ PRI (%g?tfgr, SeNg, Afid s
receiving at least one (420) of said second number of subframes in at least
three parts, as follows:
15 e One part (DWPTS) which is utilized for downlink traffic,
e One part (GP) which is utilized as a guard period,
* One part (UpPTS) which is utilized for uplink traffic,
the transceiver (600) being equipped with means (610, 620, 630) for
scheduling said guard period part between the downlink and the uplink parts
20  such that the total sum of the duration of the downlink part, the guard period
and the uplink part constitute the total subframe length, and for varying the
duration of at least two of said three parts to fit the current system need.

12. The transceiver (600) of claim 11, additionally being equipped with
25 means (610) for receiving information from an external source in the system
regarding the varying of said three parts.

13. The transceiver (600) of clam 11 or 12, being equipped with means (640)
for transmitting to users in a cell system information regarding the duration of

30 said three parts.



15 One part (DwWPTS) which is utilized for downlink traffic, One part (GP)
which is utilized as a guard period, One part (UpPTS) which is utilized
for uplink traffic, the transceiver (600) being equi pped with nmeans (610,
620, 630) for scheduling said guard period part between the downlink and
the uplink parts 20 such that the total sumof the duration of the downlink
part, the guard period and the uplink part constitute the total subfrane

| ength, and for varying the duration of at |least two of said three parts to
fit the current system need. 12. The ty nscei ver (600) of claim 11,
additional ly being equi pped with 25 neans ?610) for receiving information
froman external source in the systemregarding the varying of said three
parts. 13. The transceiver (600) of clam 11 or 12, being equi pped with
means (640) for transmtting to users in a cell systeminformation

regardi ng the ddr Bite bansoéivaO668)i of artyr afeclaims t14-13, adapter] toTheousedhifistei ver
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upl i nk and dowsbéatdam; r i fthat ewpbink andr idawnlinkr traffie npcayp piiyriggediffesent 15 The
transcei ver wg@ﬁraﬁ’ﬁ laim 14, adapted to be used on the sane frequency for
both uplink an Jomelink traffic. 16. The transceiver (600) of any of
claims 11-18, adapted to be used in a half 10 dupl ex FDD-system Frequency
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16. The transceiver (600) of any of claims 11-13, adapted to be used in a half
10 duplex FDD-system, Frequency Division Duplex, so that uplink and downlink
traffic for one and the same user occur during different subframes, and on

different frequencies.

17. The transceiver (600) of any of claims 11-16, in which the guard period is
15 one of said at least two of three parts, and is equipped with means (610,
620, 630) for varying the guard period in duration with respect to at least one
of the following parameters:
¢ Interference from or with other cells in the same system, or other cells
in other adjoining or co-located systems,
20 . Thé size of the cell, which determines the maximum propagation
round trip time, RTT, in the cell,
« The modulation scheme used for traffic in the cell.

18. The transceiver (600) of claim 17, adapted to vary the guard period with
25 respect to the interference from or with other cells in the system, so that the
duration of the guard period is adapted to be at least equal to the propagation
time of signals from at least one controlling node in another cell in the

system.

30 19. The transceiver (600) of any of claims 11-18, being adapted for use in a
system in which an OFDM modulation method, Orthogonal Frequency



15 one of said at least two of three parts, and is equi pped w th neans
(610, 620, 630) for varying the guard period in duration wth respect to at
| east one of the follow ng paraneters: Interference fromor w th other
cells in the same system or other cells in other adjoining or co-located
systens, 20 The size of the cell, which determ nes the maxi num propagati on
round trip tinme, RU in the cell, The nodul ation schene used for traffic
in the cell. 18. The transceiver (600) of claim17, adapted to vary the
guard period with 25 respect to the interference fromor with other cells
in the system so that the duration of thégguard period is adapted to be at
| east equal to the propagation tine of signals fromat |east one
controlling node in another cell in the system 19 Division Mdulation is
used in at |east one of the uplink and downlink directions, being equipped
wi th neans (63@vidief Mbdviahigh & us6dsit a®Neastfonther thel uplivk tandf downlialnd downl i nk

parts in said second nunber of subfranes uration ich corr, onds to an
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transcei ver of uplink @afficlaat ndowhiinkl Partsvin shiid camepnd hembereahsulff@mesm er posi ng
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subframe (410) biiEon PRI hotRpfB G 3 fntdder BymibBF Bf OFBRES AR t?‘5130) 10

whi ch is uséd tmdulapion methbdaffic, with the downlink part being first in
said subframe. 21. The transceiver of any of clainms 11-19, which conprises

means for interposing said subframe (420) which is conprised of at |east
three parts 1528f The tanseeiver afeanysafoglaims ti-19, owhichh cpmRrisasmeans hd before a

subframe (430) jibtbedind Said SRBfrdRE (SBVMUHIcRKs lcoptised ofbtt 1Badt NBres Ptk part
being first in sald subfrane. 22. The transcei ver ggoo% i)f any of
claims 11-21, afena sblragedd19)ysed jerdouplinkdraffisgndraiored sbliamg £430)

10  which is used for uplink traffic, with the downlink part being first in said

subframe.

21. The transceiver of any of claims 11-19, which comprises means for
interposing said subframe (420) which is comprised of at least three parts

15 after a subframe (410) used. for uplink traffic and before a subframe (430)
which is used for downlink traffic, with the uplink part being first in said
subframe.

22. The transceiver (600) of any of claims 11-21, applied to an LTE system,
20 Long Temm Evolution.

23. A transceiver (700) for use as a user terminal (120) in a cellular
communications system (100), the transceiver being adapted to send and
receive traffic in frames (200), with each frame comprising a first number of
25 subframes (201-210) and with a second number of said subframes being
available for at least either uplink or downlink traffic, the transceiver (700)
being characterized in that it is equipped with means for sending and
receiving at least one of said second number of subframes in at least three
parts, as follows:
30 e One part (DWPTS) which is utilized for downlink traffic,
¢ One part (GP) which is utilized as a guard period,



23. A transceiver (700) for use as a user termnal (120) in a cellular
communi cations system (100), the transceiver being adapted to send and
receive traffic in frames (200), with each frame conprising a first nunber
of 25 subfranes (201-210) and with a second nunber of said subfranes being
avai l abl e for at least either uplink or dommlink traffic, the transceiver
(700) being characterized in that it is equi pped with nmeans for sending and
receiving at | east one of said second nunber of subframes in at |east three
parts, as follows: 30 One part (DWMPTS) which is utilized for downlink
traffic, One part (GP) which is utilized s a guard period, 20 One part
(UpPTS) which is utilized for uplink traffic, the transceiver (700) also
bei ng equi pped with neans (720) for scheduling said guard period part

bet ween the downlink and the uplink parts such that the total sum of the

duration of the dovohd pit RAFTS Wh@h%ﬁi&d%mﬁhﬂkﬁ@@lcthe 5 uplink part
constitute the total subfrane th nd wth nmeans_(710) for receiving

i nformation frdif *éa'l?ﬁﬁ'f’?'oﬁpp)n@‘s?lgﬁ'ég k@ﬁ'ﬁ??ﬂ Wb sagans S6408 dRY Iﬁchﬁd”éigg wel | as
t he duration ofsaxaayudrd I?érﬁ:ﬂ gt BeBweok 1B ABWnlinkeardutha tupik it auch erst two of

said three par tthe tn?aY sum of%eia Sgrétion of the downlink part, the guard period and the
5 uplink part constitute the total subframe length, and with means (710) for
receiving information from a controling node regarding said scheduling as
well as the duration of said three parts, whereby the duration of at least two
of said three parts may be varied.



